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The Technical Reference section includes articles covering
regulator theory, sizing, selection, overpressure protection,
noise, freezing, and other topics relating to regulators.  This
section begins with the basic theory of a regulator and ends
with conversion tables and other informative charts.  If there’s
something you need to know about a regulator that’s not
covered in this section, please contact your Fisher Sales
Representative or contact your nearest Fisher Sales Office.
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Instrument engineers agree that the simpler a system is the better it is,
as long as it provides adequate control.  In general, regulators are
simpler devices than control valves.  Regulators are self-contained, self-
operated control devices which use energy from the controlled system
to operate whereas control valves require external power sources,
transmitting instruments, and control instruments.

�����
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This section describes the various types of regulators. All regulators fit
into one of the following two categories:

1. Direct-Operated (also called Self-Operated)

2. Pilot-Operated

�	������ ������
!���"�� ������#
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Direct-operated regulators are widely used where outlet pressure is less
than 1 psig (0,069 bar) and as a first-stage rough cut for higher outlet
pressures. This 10 to 20 percent change is typical, although finer control
can be achieved depending on the specific application requirements.

In operation, a direct-operated, pressure reducing regulator senses the
downstream pressure through either internal pressure registration or an
external control line. This downstream pressure opposes a spring which
moves the diaphragm and valve plug to change the size of the flow path
through the regulator.

�	����� ������
���������

Pilot-operated regulators are preferred for high flow rates or where
precise pressure control is required. A popular type of pilot-operated
system uses two-path control. In two-path control, the main valve
diaphragm responds quickly to downstream pressure changes, causing
an immediate correction in the main valve plug position. At the same
time, the pilot diaphragm diverts some of the reduced inlet pressure to
the other side of the main valve diaphragm to control the final position-
ing of the main valve plug. Two-path control results in fast response.

Figure 1.  Type 627 Direct-Operated Regulator
and Operational Schematic

Figure 2.  Type 1098-EGR Pilot-Operated Regulator
and Operational Schematic

INLET PRESSURE

OUTLET PRESSURE

ATMOSPHERIC PRESSURE
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Within the broad categories of direct-operated and pilot-operated
regulators fall virtually all of the general regulator designs, including:

• Pressure reducing regulators

• Backpressure regulators

• Pressure relief valves

• Pressure switching regulators

• Vacuum regulators and breakers

INLET PRESSURE

OUTLET PRESSURE

LOADING PRESSURE

ATMOSPHERIC PRESSURE
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A pressure reducing regulator maintains a desired reduced outlet
pressure while providing the required fluid flow to satisfy a downstream
demand. The pressure which the regulator maintains is the outlet
pressure setting (setpoint) of the regulator.

Three-way switching valves direct inlet pressure from one outlet port
to another whenever the sensed pressure exceeds or drops below a
preset limit.

$����%
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Vacuum regulators and vacuum breakers are devices used to control
vacuum.  A vacuum regulator maintains a constant vacuum at the
regulator inlet with a higher vacuum connected to the outlet. During
operation, a vacuum regulator remains closed until a vacuum decrease (a
rise in absolute pressure) exceeds the spring setting and opens the valve
disk. A vacuum breaker prevents a vacuum from exceeding a specified
value. During operation, a vacuum breaker remains closed until an
increase in vacuum (a decrease in absolute pressure) exceeds the spring
setting and opens the valve disk.

Figure 3.  Type 63-EG Backpressure Regulator/Relief Valve
and Operational Schematic

Figure 4.  Type Y690VB Vacuum Breaker and
Type Y695VR Vacuum Regulator Operational Schematics

&��' �������
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A backpressure regulator maintains a desired upstream pressure by
varying the flow in response to changes in upstream pressure. A
pressure relief valve limits pressure buildup (prevents overpressure) at
its location in a pressure system. The relief valve opens to prevent a
rise of internal pressure in excess of a specified value. The pressure at
which the relief valve begins to open pressure is the relief pressure
setting.

Relief valves and backpressure regulators are the same devices.  The
name is determined by the application.  Fisher relief valves are not
ASME safety relief valves.

��������
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Pressure switching valves are used in pneumatic logic systems.  These
valves are for either two-way or three-way switching.  Two way
switching valves are used for on/off service in pneumatic systems.
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This section describes the procedure normally used to select regulators
for various applications. For most applications, there is generally a wide
choice of regulators that will accomplish the required function. The
vendor and the customer, working together, have the task of deciding
which of the available regulators is best suited for the job at hand. The
selection procedure is essentially a process of elimination wherein the
answers to a series of questions narrow the choice down to a specific
regulator.

�������
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To begin the selection procedure, it’s necessary to define what the
regulator is going to do. In other words, what is the control application?
The answer to this question will determine the general type of regulator
required, such as:

• Pressure reducing regulators

• Backpressure regulators

• Pressure relief valves

• Vacuum regulators

• Vacuum breaker

The selection criteria used in selecting each of these general regulator
types is described in greater detail in the following subsections.

��������
��������
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The majority of applications require a pressure reducing regulator.
Assuming the application calls for a pressure reducing regulator, the
following parameters must be determined:

• Outlet pressure to be maintained

• Inlet pressure to the regulator

• Capacity required

• Shutoff capability required

• Process fluid

• Process fluid temperature

• Accuracy required

• Pipe size required

• End connection style

• Material requirements

• Control lines

• Stroking speed

• Overpressure protection

������
��������
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For a pressure reducing regulator, the first parameter to determine is the
required outlet pressure. When the outlet pressure is known, it helps
determine:

• Spring requirements

• Casing pressure rating

• Body outlet rating

• Orifice rating and size

• Regulator size

�����
��������
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The next parameter is the inlet pressure. The inlet pressure (minimum
and maximum) determines the:

• Pressure rating for the body inlet

• Orifice pressure rating and size

• Main spring (in a pilot-operated regulator)

• Regulator size

If the inlet pressure varies significantly, it can have an effect on:

• Accuracy of the controlled pressure

• Capacity of the regulator

• Regulator style (two-stage or unloading)

�� ��	�-
��.�	���

The required flow capacity influences the following decisions:

• Size of the regulator

• Orifice size

• Style of regulator (direct-operated or pilot-operated)

�*���""
�� �+	�	�-

The required shutoff capability determines the type of disk material:

• Standard disk materials are nitrile and neoprene, these materials
provide the tightest shutoff.

• Other materials, such as nylon, teflon (TFE), fluoroelastomer
(FKM), and ethylenepropylene (EPDM), are used when standard
material cannot be used; but, these usually do not shut off as tight.

• Metal disks are used in high temperatures and when elastomers are
not compatible with the process fluid; however, tight shutoff is
typically not achieved.
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Each process fluid has its own set of unique characteristics in terms of
its chemical composition, corrosive properties, impurities, flammabil-
ity, hazardous nature, toxic effect, explosive limits, and molecular
structure.  In some cases special care must be taken to select the proper
materials that will come in contact with the process fluid.

�������
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Fluid temperature may determine the materials used in the regulator.
Standard regulators use nitrile or neoprene elastomers that are good for a
temperature range of -20° to 180°F (-29° to 82°C). Temperatures above
and below this range may require special materials, such as stainless
steel, ethylenepropylene (EPDM), or perfluoroelastomer (FFKM).

�������-
��.�	���

The accuracy requirement of the process determines the acceptable
droop (also called proportional band or offset). Regulators fall into the
following groups as far as droop is concerned:

• Rough cut group.  This group generally includes many first-stage
rough cut direct-operated regulators. This group usually has the
highest amount of droop; however, some designs are very accurate,
especially the low-pressure gas or air types, such as house service
regulators, which incorporate a relatively large diaphragm casing.

• Close control group.  This group usually includes pilot-operated
regulators. They provide high accuracy over a large range of flows.

Applications that require close control include these examples:

• Burner control where the fuel/air ratio is critical to burner
efficiency and the gas pressure has a significant effect on
the fuel/air ratio

• Metering devices, such as gas meters, which require constant
input pressures to ensure accurate measurement

�	 �
�	/�
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If the pipe size is known, it gives the specifier of a new regulator a more
defined starting point. If, after making an initial selection of a regulator,
the regulator is larger than the pipe size, it usually means that an error has
been made either in selecting the pipe size or the regulator, or in
determining the original parameters (such as pressure or flow) required
for regulator selection. In many cases, the outlet piping needs to be larger
than the regulator for the regulator to reach full capacity.

���
�������	��
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In general, the following end connections are available for the indicated
regulator sizes:

• NPT screwed or socket weld: 2-inch (DN 50) and smaller

• Butt weld: 1-inch (DN 25) and larger

• Flanged: 1-inch (DN 25) and larger

Note:  Not all end connections are available for all regulators.

��.�	���
,����	���

The regulator construction materials are generally dictated by the
application. Standard materials are:

• Aluminum

• Cast iron or ductile iron

• Steel

• Bronze and brass

• Stainless steel

Special materials required by the process can have an effect on the type
of regulator that can be used. Oxygen service, for example, requires
special materials, and requires that no oil or grease be in the regulator.

�������
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For pressure registration, control lines are connected downstream of a
pressure reducing regulator, and upstream of a backpressure regulator.
Typically large direct-operated regulators have external control lines,
while small direct-operated regulators have internal registration instead of
a control line.  Most pilot-operated regulators have external control lines,
but this should be confirmed for each regulator type considered.

����'	�
� ���

Stroking speed is often an important selection criteria. Direct-operated
regulators are very fast, while pilot-operated regulators are slightly
slower. Both types are faster than most control valves. When speed is
critical, techniques can be used to decrease stroking time.

�(�� �������
�������	��

The need for overpressure protection should always be considered.
Overpressure protection is generally provided by an external relief valve,
or in some regulators, by an internal relief valve. For some regulators,
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internal relief is an option that you must choose at the time of pur-
chase. The capacity of internal relief is usually limited in comparison
with a separate relief valve.

��������
�� ����%���

When a regulator is being selected to replace an existing regulator, the
existing regulator can provide the following information:

• Style of regulator

• Size of regulator

• Type number of the regulator

• Special requirements for the regulator, such as downstream pressure
sensing through a control line versus internal pressure registration

��������
��	��

The price of a regulator is only a part of the cost of ownership.
Additional costs include installation and maintenance. In selecting a
regulator, you should consider all of the costs that will accrue over the
life of the regulator. The regulator with a low initial cost may not be the
most economical in the long run. For example, a direct-operated
regulator is generally less expensive, but a pilot-operated regulator may
provide more capacity per dollar. To illustrate, a 2-inch (DN 50) pilot-
operated regulator can have the same capacity and a lower price than a
3-inch (DN 80), direct-operated regulator.

Figure 5.  Backpressure Regulator/Relief Valve Applications
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Backpressure regulators control the inlet pressure rather than the outlet
pressure. The selection criteria for a backpressure regulator is exactly
the same as for a pressure reducing regulator.

������
$��$�
���������

An external relief valve is a form of backpressure regulator. A relief
valve opens when the inlet pressure exceeds a set value. Relief is
generally to atmosphere. The selection criteria is the same as for a
pressure reducing regulator.
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Pressure regulators have become very familiar items over the years,
and nearly everyone has grown accustomed to seeing them in factories,
public buildings, by the roadside, and even on the outside of their own
homes.  As is frequently the case with such familiar items, we have a
tendency to take them for granted.  It’s only when a problem develops,
or when we are selecting a regulator for a new application, that we
need to look more deeply into the fundamentals of the regulator’s
operation.

Regulators provide a means of controlling the flow of a gas or other
fluid supply to downstream processes or customers. An ideal regulator
would supply downstream demand while keeping downstream
pressure constant; however, the mechanics of direct-operated regulator
construction are such that there will always be some deviation (droop
or offset) in downstream pressure.

The service regulator mounted on the meter outside virtually every
home serves as an example. As appliances such as a furnace or stove
call for the flow of more gas, the service regulator responds by
delivering the required flow. As this happens, the pressure should be
held constant. This is important because the gas meter, which is the
cash register of the system, is often calibrated for a given pressure.

Direct-operated regulators have many commercial and residential uses.
Typical applications include industrial, commercial, and domestic gas
service, instrument air supply, and a broad range of applications in
industrial processes.

Regulators automatically adjust flow to meet downstream demand.
Before regulators were invented, someone had to watch a pressure
gauge for pressure drops which signaled an increase in downstream
demand. When the downstream pressure decreased, more flow was
required. The operator then opened the regulating valve until the gauge
pressure increased, showing that downstream demand was being met.

���������
��������

Direct-operated regulators have three essential elements:

• A restricting element—a valve, disk, or plug

• A measuring element—generally a diaphragm

• A loading element—generally a spring

MEASURING
ELEMENT

Figure 1.  Direct-Operated Regulators

TYPE 630

TYPE S250 TYPE S400
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A pressure reducing regulator must satisfy a downstream demand while
maintaining the system pressure within certain acceptable limits. When
the flow rate is low, the regulator plug or disk approaches its seat and
restricts the flow. When demand increases, the plug or disk moves away
from its seat, creating a larger opening and increased flow. Ideally, a
regulator should provide a constant downstream pressure while
delivering the required flow.

Figure 2.  Three Essential Elements

WEIGHT
(LOADING
ELEMENT)

RESTRICTING
ELEMENT
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The regulator’s restricting element is generally a disk or plug that can
be positioned fully open, fully closed, or somewhere in between to
control the amount of flow. When fully closed, the disk or plug seats
tightly against the valve orifice or seat ring to shut off flow.

���	�����
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The measuring element is usually a flexible diaphragm that senses
downstream pressure (P2). The diaphragm moves as pressure beneath
it changes. The restricting element is often attached to the diaphragm
with a stem so that when the diaphragm moves, so does the restricting
element.

�������
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A weight or spring acts as the loading element. The loading element
counterbalances downstream pressure (P2). The amount of unbalance
between the loading element and the measuring element determines the
position of the restricting element. Therefore, we can adjust the desired
amount of flow through the regulator, or setpoint, by varying the load.
Some of the first direct-operated regulators used weights as loading
elements. Most modern regulators use springs.

�� ������
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To examine how the regulator works, let’s consider these values for a
direct-operated regulator installation:

• Upstream Pressure (P1) = 100 psig

• Downstream Pressure (P2) = 10 psig

• Pressure Drop Across the Regulator (P) = 90 psi

• Diaphragm Area (AD) = 10 square inches

• Loading Weight = 100 pounds

Let’s examine a regulator in equilibrium as shown in Figure 3. The
pressure acting against the diaphragm creates a force acting up to
100 pounds.

Diaphragm Force (FD) = Pressure (P2) x Area of Diaphragm (AD)
or

FD = 10 psig x 10 square inches = 100 pounds

The 100-pound weight acts down with a force of 100 pounds, so all the
opposing forces are equal, and the regulator plug remains stationary.

������	���
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If the downstream demand increases, P2 will drop. The pressure on the
diaphragm drops, allowing the regulator to open further. Suppose in
our example P2 drops to 9 psig. The force acting up then equals 90
pounds (9 psig x 10 square inches = 90 pounds). Because of the
unbalance of the measuring element and the loading element, the
restricting element will move to allow passage of more flow.

�����	���
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If the downstream demand for flow decreases, downstream pressure
increases. In our example, suppose P2 increases to 11 psig. The force
acting up against the weight becomes 110 pounds (11 psig x 10 square
inches = 110 pounds). In this case, unbalance causes the restricting
element to move up to pass less flow or lockup.

#���$�	
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������	

One of the problems with weight-loaded systems is that they are slow
to respond. So if downstream pressure changes rapidly, our weight-
loaded regulator may not be able to keep up. Always behind, it may

At Equilibrium

Figure 3.  Elements

100 LB
AREA = 10 IN2

P2 = 10 PSIGP1 = 10 PSIG

FW = 100 LB

FD = 100 LB

FD = (P2 x AD) = (10 PSIG)(10 IN2) = 100 LB

Open

100 LB
AREA = 10 IN2

P2 = 9 PSIGP1 = 10 PSIG

FW = 100 LB

FD = 90 LB

FD = (P2 x AD) = (9 PSIG)(10 IN2) = 90 LB
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become unstable and cycle—continuously going from the fully open to
the fully closed position. There are other problems. Since the amount of
weight controls regulator setpoint, the regulator is not easy to adjust.
The weight will always have to be on top of the diaphragm. So, let’s
consider using a spring. By using a spring instead of a weight, regulator
stability increases because a spring has inertia.

������
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We choose a spring for a regulator by its spring rate (K). K represents
the amount of force necessary to compress the spring one inch. For
example, a spring with a rate of 100 pounds per inch needs 100 pounds
of force to compress it one inch, 200 pounds of force to compress it
two inches, and so on.

�&����'���"
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Instead of a weight, let’s substitute a spring with a rate of 100 pounds
per inch. And, with the regulator’s spring adjustor, we’ll wind in one inch
of compression to provide a spring force (FS) of 100 pounds. This
amount of compression of the regulator spring determines setpoint, or
the downstream pressure that we want to hold constant. By adjusting
the initial spring compression, we change the spring loading force, so P2
will be at a different value in order to balance the spring force.

Now the spring acts down with a force of 100 pounds, and the down-
stream pressure acts up against the diaphragm producing a force of 100
pounds (FD = P2 x AD). Under these conditions the regulator has
achieved equilibrium; that is, the plug or disk is holding a fixed position.

����� 
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By using a spring instead of a fixed weight, we gain better control and
stability in the regulator. The regulator will now be less likely to go
fully open or fully closed for any change in downstream pressure (P2).
In effect, the spring acts like a multitude of different weights.

�$��������
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Assume we still want to maintain 10 psig downstream. Consider what
happens now when downstream demand increases and pressure P2
drops to 9 psig. The diaphragm force (FD) acting up is now 90 pounds.

FD = P2 x AD

FD = 9 psig x 10 in2

FD = 90 pounds

We can also determine how much the spring will move (extend) which
will also tell us how much the disk will travel. To keep the regulator in
equilibrium, the spring must produce a force (FS) equal to the force of
the diaphragm. The formula for determining spring force (FS) is:

FS = (K)(X)

where K = spring rate in pounds/inch and X = travel or compression
in inches.

We know FS is 90 pounds and K is 100 pounds/inch, so we can solve
for X with:

X = FS     ÷ ÷ ÷ ÷ ÷ K
X = 90 pounds     ÷ ÷ ÷ ÷ ÷ 100 pounds/inch
X = 0.9 inch

The spring, and therefore the disk, has moved down 1/10-inch, allowing
more flow to pass through the regulator body.

AREA = 10 IN2

P1 = 10 PSIG

Spring as Element

At Equilibrium

FS = FD
FS = (K)(X)

FD = (P2)(AD)

FS

FD

(TO KEEP DIAPHRAGM
FROM MOVING)FD = (10 PSIG)(102) = 100 LB

FS = (100LB/IN)(X) = 100 LB
X = 1-INCH COMPRESSION

FS = 90 LB

FD = 90 LB

P1 = 100 PSIG P2 = 9 PSIG

0.1-INCH

Figure 4.  Spring as Element

Figure 5.  Plug Travel
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Now we see the irony in this regulator design. We recall that the
purpose of an ideal regulator is to match downstream demand while
keeping P2 constant. But for this regulator design to increase flow, there
must be a change in P2.

�� ������
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We can check the performance of any regulating system by examining
its characteristics. Most of these characteristics can be best described
using pressure versus flow curves as shown in Figure 6.
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We can plot the performance of an ideal regulator such that no matter
how the demand changes, our regulator will match that demand (within
its capacity limits) with no change in the downstream pressure (P2).
This straight line performance becomes the standard against which we
can measure the performance of a real regulator.

��������

The constant pressure desired is represented by the setpoint. But no
regulator is ideal. The downward sloping line on the diagram represents
pressure (P2) plotted as a function of flow for an actual direct-operated
regulator. The setpoint is determined by the initial compression of the
regulator spring. By adjusting the initial spring compression you change
the spring loading force, so P2 will be at a different value in order to
balance the spring force. This establishes setpoint.

����

Droop, proportional band, and offset are terms used to describe the
phenomenon of P2 dropping below setpoint as flow increases. Droop is
the amount of deviation from setpoint at a given flow, expressed as a
percentage of setpoint. This “droop” curve is important to a user
because it indicates regulating (useful) capacity.

�������,

Capacities published by regulator manufacturers are given for different
amounts of droop. Let’s see why this is important.

Let’s say that for our original problem, with the regulator set at 10 psig,
our process requires 200 scfh (standard cubic feet per hour) with no
more than a 1 psig drop in setpoint. We need to keep the pressure at or
above 9 psig because we have a low limit safety switch set at 9 psig
that will shut the system down if pressure falls below this point.
Figure 6 illustrates the performance of a regulator that can do the job.
And, if we can allow the downstream pressure to drop below 9 psig,
the regulator can allow even more flow.

The capacities of a regulator published by manufacturers are generally
given for 10 percent droop and 20 percent droop. In our example, this
would relate to flow at 9 psig and at 8 psig.

�������,

The accuracy of a regulator is determined by the amount of flow it can
pass for a given amount of droop. The closer the regulator is to the ideal
regulator curve (setpoint), the more accurate it is.

���-��

Lockup is the pressure above setpoint that is required to shut the
regulator off tight. In many regulators, the orifice has a knife edge while
the disk is a soft material. Some extra pressure, P2, is required to force
the soft disk into the knife edge to make a tight seal. The amount of
extra pressure required is lockup pressure. Lockup pressure may be
important for a number of reasons. Consider the example above where a
low pressure limit switch would shut down the system if P2 fell below
9 psig. Now consider the same system with a high pressure safety cut
out switch set a 10.5 psig. Because our regulator has a lockup pressure
of 11 psig, the high limit switch will shut the system down before the
regulator can establish tight shutoff. Obviously, we’ll want to select a
regulator with a lower lockup pressure.

Figure 6.  Typical Performance Curve

As the flow rate approaches zero, P2 increases steeply.  Lockup is the term applied
to the value of P2 at zero flow.

LOCKUP

SETPOINT

DROOP
(OFFSET)

WIDE-OPEN

P2
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Using our initial problem as an example, let’s say we now need the
regulator to flow 300 scfh at a droop of 10 percent from our original
setpoint of 10 psig. Ten percent of 10 psig = 1 psig, so P2 cannot drop
below 10 - 1, or 9 psig. Our present regulator would not be accurate
enough. For our regulator to pass 300 scfh, P2 will have to drop to 8
psig, or 20% droop.
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One way to make our regulator more accurate is to change to a lighter
spring rate. To see how spring rate affects regulator accuracy, let’s
return to our original example. We first tried a spring with a rate of 100
pounds/inch. Let’s substitute one with a rate of 50 pounds/inch. To
keep the regulator in equilibrium, we’ll have to initially adjust the
spring to balance the 100 pound force produced by P2 acting on the
diaphragm. Recall how we calculate spring force:

FS = K (spring rate) x X (compression)

Knowing that FS must equal 100 pounds and K = 50 pounds/inch, we
can solve for X, or spring compression, with:

X = FS ÷÷÷÷÷ K, or X = 2 inches

So, we must wind in 2-inches of initial spring compression to balance
diaphragm force, FD.
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We saw before that with a spring rate of 100 pounds/inch, when P2
dropped from 10 to 9 psig, the spring relaxed (and the valve disk
traveled) 0.1 inch. Now let’s solve for the amount of disk travel with
the lighter spring rate of 50 pounds per inch. The force produced by the
diaphragm is still 90 pounds.

FD = P2 x AD

To maintain equilibrium, the spring must also produce a force of 90
pounds. Recall the formula that determines spring force:

FS = (K)(X)

Because we know FS must equal 90 pounds and our spring rate (K) is
50 pounds/inch, we can solve for compression (X) with:

X = FS ÷÷÷÷÷ K

X = 90 pounds ÷÷÷÷÷ 50 pounds/inch
X = 1.8-inches

To establish setpoint, we originally compressed this spring 2 inches.
Now it has relaxed so that it is only compressed 1.8 inches, a change of
0.2 inch. So with a spring rate of 50 pounds/inch, the regulator
responded to a 1 psig drop in P2 by opening twice as far as it did with a
spring rate of 100 pounds/inch. Therefore, our regulator is now more
accurate because it has greater capacity for the same change in P2. In
other words, it has less droop or offset. Using this example, it is easy
to see how capacity and accuracy are related and how they are related
to spring rate.
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Experience has shown that choosing the lightest available spring rate
will provide the most accuracy (least droop). For example, a spring
with a range of 35 to 100 psig is more accurate than a spring with a
range of 90 to 200 psig. If you want to set your regulator at 100 psig,
the 35 to 100 psig spring will provide better accuracy.

���������
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While a lighter spring can reduce droop and improve accuracy, using too
light a spring can cause instability problems. Fortunately, most of the
work in spring selection is done by regulator manufacturers. They
determine spring rates that will provide good performance for a given
regulator, and publish these rates along with other sizing information.
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Until this point, we have assumed the diaphragm area to be constant. In
practice, the diaphragm area changes with travel. We’re interested in
this changing area because it has a major influence on accuracy and
droop.

Diaphragms have convolutions in them so that they are flexible enough
to move over a rated travel range. As they change position, they also
change shape because of the pressure applied to them. Consider the
example shown in Figure 7. As downstream pressure (P2) drops, the
diaphragm moves down. As it moves down, it changes shape and
diaphragm area increases because the centers of the convolutions
become further apart. The larger diaphragm area magnifies the effect of
P2 so even less P2 is required to hold the diaphragm in place. This is
called diaphragm effect. The result is decreased accuracy because
incremental changes in P2 do not result in corresponding changes in
spring compression or disk position.
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To better understand the effects of changing diaphragm area, let’s
calculate the forces in the exaggerated example given in Figure 7. First,
assume that the regulator is in equilibrium with a downstream pressure
P2 of 10 psig. Also assume that the area of the diaphragm in this
position is 10 square inches. The diaphragm force (FD) is:

FD = (P2)(AD)
FD = (10 psi) (10 square inches)
FD = 100 pounds

Now assume that downstream pressure drops to 9 psig signaling the
need for increased flow. As the diaphragm moves, its area increases to
11 square inches. The diaphragm force now produced is:

FD = (9 psi) (11 square inches)
FD = 99 pounds

The change in diaphragm area increases the regulator’s droop. While it’s
important to note that diaphragm effect contributes to droop, dia-
phragm sizes are generally determined by manufacturers for different
regulator types, so there is rarely a user option.
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Also of interest is the fact that increasing diaphragm size can result in
increased sensitivity. A larger diaphragm area will produce more force
for a given change in P2. Therefore, larger diaphragms are often used
when measuring small changes in low-pressure applications. Service
regulators used in domestic gas service are an example.

SETPOINT

WIDE-OPEN

FLOW

P2

Figure 8.  Critical Flow
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While changing the orifice size can increase capacity, a regulator can
pass only so much flow for a given orifice size and inlet pressure, no
matter how much we improve the unit’s accuracy. As you can see in
Figure 8, after the regulator is wide-open, reducing P2 does not result in
higher flow. This area of the flow curve identifies critical flow. To
increase the amount of flow through the regulator, the flowing fluid
must pass at higher and higher velocities. But, the fluid can only go so
fast. Holding P1 constant while deceasing P2, flow approaches a
maximum which is the speed of sound in that particular gas, or its sonic
velocity. Sonic velocity depends on the inlet pressure and temperature
for the flowing fluid. Critical flow is generally anticipated when
downstream pressure (P2) approaches a value that is less than or equal
to one-half of inlet pressure, P1.
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One way to increase capacity is to increase the size of the orifice. The
variable flow area between disk and orifice depends directly on orifice
diameter. Therefore, the disk will not have to travel as far with a larger
orifice to establish the required regulator flow rate, and droop is
reduced. Sonic velocity is still a limiting factor, but the flow rate at
sonic velocity is greater because more gas is passing through the
larger orifice.

Stated another way, a given change in P2 will produce a larger change in
flow rate with a larger orifice than it would with a smaller orifice.
However, there are definite limits to the size of orifice that can be used.
Too large an orifice makes the regulator more sensitive to fluctuating
inlet pressures. If the regulator is overly sensitive, it will have a
tendency to become unstable and cycle.

Figure 7.  Changing Diaphragm Area

DIAPHRAGM EFFECT ON DROOP

A = 10 IN2

FD1

A = 11 IN2

FD2

WHEN P2 DROPS TO 9

FD = P2 x A

FD1 = 10 x 10 = 100 LB

FD2 = 9 x 11 = 99 LB

CRITICAL FLOW
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One condition that results from an oversized orifice is known as the
“bathtub stopper” effect. As the disk gets very close to the orifice, the
forces of fluid flow tend to slam the disk into the orifice and shut off
flow. Downstream pressure drops and the disk opens. This causes the
regulator to cycle—open, closed, open, closed. By selecting a smaller
orifice, the disk will operate farther away from the orifice so the
regulator will be more stable.
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A larger orifice size also requires a higher shutoff pressure, or lockup
pressure. In addition, an oversized orifice usually produces faster wear
on the valve disk and orifice because it controls flow with the disk near
the seat. This wear is accelerated with high flow rates and when there is
dirt or other erosive material in the flowstream.
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Experience indicates that using the smallest possible orifice is generally
the best rule-of-thumb for proper control and stability.
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Regulator capacity can be increased by increasing inlet pressure (P1).
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As we have seen, the design elements of a regulator—the spring,
diaphragm, and orifice size—can affect its accuracy. Some of these
inherent limits can be overcome with changes to the regulator design.
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The three curves in Figure 9 summarize the effects of spring rate,
diaphragm area, and orifice size on the shape of the controlled pressure-
flow rate curve. Curve A is a reference curve representing a typical
regulator. Curve B represents the improved performance from either
increasing diaphragm area or decreasing spring rate. Curve C represents
the effect of increasing orifice size. Note that increased orifice size also
offers higher flow capabilities. But remember that too large an orifice
size can produce problems that will negate any gains in capacity.
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The sine wave in Figure 10 might be what we see if we increase
regulator sensitivity beyond certain limits. The sine wave indicates
instability and cycling.

Figure 9.  Increased Sensitivity
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All direct-operated regulators have performance limits that result from
droop. Some regulators are available with features designed to overcome
or minimize these limits.
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In addition to the changes we can make to diaphragm area, spring rate,
orifice size, and inlet pressure, we can also improve regulator accuracy
by adding a pitot tube. Internal to the regulator, the pitot tube connects
the diaphragm casing with a low-pressure, high velocity region within
the regulator body.  The pressure at this area will be lower than P2
further downstream. By using a pitot tube to measure the lower
pressure, the regulator will make more dramatic changes in response to
any change in P2. In other words, the pitot tube tricks the regulator,
causing it to respond more than it would otherwise.

Figure 10.  Cycling
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For example, we’ll establish setpoint by placing a gauge downstream
and adjusting spring compression until the gauge reads 10 psig for P2.
Because of the pitot tube, the regulator may actually be sensing a lower
pressure. When P2 drops from 10 psig to 9 psig, the pressure sensed
by the pitot tube may drop from 8 psig to 6 psig. Therefore, the
regulator opens further than it would if it were sensing actual down-
stream pressure.
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The lever style regulator is a variation of the simple direct-operated
regulator. It operates in the same manner, except that it uses a lever to
gain mechanical advantage and provide a high shutoff force.

In earlier discussions, we noted that the use of a larger diaphragm can
result in increased sensitivity. This is because any change in P2 will
result in a larger change in diaphragm force. The same result is obtained
by using a lever to multiply the force produced by the diaphragm as
shown in Figure 13.

The main advantage of lever designs is that they provide increased force
for lockup without the extra cost, size, and weight associated with
larger diaphragms, diaphragm casings, and associated parts.

Figure 11.  Pitot Tube

P2 = 10 PSIGP1 = 100 PSIG

SENSE PRESSURE HERE
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The pitot tube offers one chief advantage for regulator accuracy, it
decreases droop. As we see in Figure 12, the diaphragm pressure, PD,
must drop just as low with a pitot tube as without to move the disk far
enough to supply the required flow. But the solid curve shows that P2
does not decrease as much as it did without a pitot tube. In fact, P2
may increase. This is called boost instead of droop. So the use of a
pitot tube, or similar device, can dramatically improve droop character-
istics of a regulator.

Figure 12.  Performance with Pitot Tube

PRESSURE

SETPOINT
P2

PD

FLOW

Figure 13.  Lever Style Regulator
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In the evolution of pressure regulator designs, the shortcomings of the
direct-operated regulator naturally led to attempts to improve accuracy
and capacity.  A logical next step in regulator design is to use what we
know about regulator operation to explore a method of increasing
sensitivity that will improve all of the performance criteria discussed.
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Analysis of pilot-operated regulators can be simplified by viewing
them as two independent regulators connected together. The smaller of
the two is generally the pilot.

������

We may think of the pilot as the “brains” of the system. Setpoint
and many performance variables are determined by the pilot. It
senses P2 directly and will continue to make changes in PL on the
main regulator until the system is in equilibrium. The main regulator
is the “muscle” of the system, and may be used to control large flows
and pressures.
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Notice that the pilot uses a spring-open action as found in direct-
operated regulators. The main regulator, shown in Figure 1, uses a
spring-close action. The spring, rather than loading pressure, is used to
achieve shutoff.  Increasing PL from the pilot onto the main diaphragm
opens the main regulator.
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Because the pilot is the controlling device, many of the performance
criteria we have discussed apply to the pilot. For example, droop is
determined mainly by the pilot. By using very small pilot orifices and
light springs, droop can be made small. Because of reduced droop, we
will have greater usable capacity.  Pilot lockup determines the lockup
characteristics for the system. The main regulator spring provides tight
shutoff whenever the pilot is locked up.
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While increased gain (sensitivity) is often considered an advantage, it
also increases the gain of the entire pressure regulator system. If the
system gain is too high, it may become unstable. In other words, the
regulator may tend to oscillate; over-reacting by continuously opening
and closing. Pilot gain can be modified to tune the regulator to the
system.  To provide a means for changing gain, every pilot-operated
regulator system contains both a fixed and a variable restriction. The
relative size of one restriction compared to the other can be varied to
change gain and speed of response.
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To improve the sensitivity of our regulator, we would like to be able to
sense P2 and then somehow make a change in loading pressure (PL) that
is greater than the change in P2. To accomplish this, we can use a device
called a pilot, or pressure amplifier.

The major function of the pilot is to increase regulator sensitivity. If we
can sense a change in P2 and translate it into a larger change in PL, our
regulator will be more responsive (sensitive) to changes in demand. In
addition, we can significantly reduce droop so its effect on accuracy and
capacity is minimized.

����

The amount of amplification supplied by the pilot is called “gain.” To
illustrate, a pilot with a gain of 20 will multiply the effect of a 1 psi
change on the main diaphragm by 20.  For example, a decrease in P2
opens the pilot to increase PL 20 times as much.

Figure 1.  Pilot-Operated Regulator
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A loading pilot-operated design (Figure 2), also called two-path
control, is so named because the action of the pilot loads PL onto the
main regulator measuring element. The variable restriction, or pilot
orifice, opens to increase PL.

An unloading pilot-operated design (Figure 3) is so named because the
action of the pilot unloads PL from the main regulator.
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Figure 2.  Fixed Restrictions and Gain
(Used on Two-Path Control Systems)

Figure 3.  Unloading Systems
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Consider the example shown in Figure 2 with a small fixed restriction.
Decreasing P2 will result in pressure PL increasing. Increasing P2 will
result in a decrease in PL while PL bleeds out through the small fixed
restriction.

If a larger fixed restriction is used with a variable restriction, the gain
(sensitivity) is reduced. A larger decrease in P2 is required to increase
PL to the desired level because of the larger fixed restriction.
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In two-path control systems (Figure 4), the pilot is piped so that P2 is
registered on the pilot diaphragm and on the main regulator diaphragm
at the same time.  When downstream demand is constant, P2 positions
the pilot diaphragm so that flow through the pilot will keep P2 and PL
on the main regulator diaphragm. When P2 changes, the force on top of
the main regulator diaphragm and on the bottom of the pilot diaphragm
changes. As P2 acts on the main diaphragm, it begins repositioning the
main valve plug. This immediate reaction to changes in P2 tends to
make two-path designs faster than other pilot-operated regulators.
Simultaneously, P2 acting on the pilot diaphragm repositions the pilot
valve and changes PL on the main regulator diaphragm. This adjust-
ment to PL accurately positions the main regulator valve plug. PL on
the main regulator diaphragm bleeds through a fixed restriction until the
forces on both sides are in equilibrium. At that point, flow through the
regulator valve matches the downstream demand.
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The primary advantages of two-path control are speed and accuracy.
These systems may limit droop to less than one percent. They are
well suited to systems with requirements for high accuracy, large
capacity, and a wide range of pressures.
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 Figure 4.  Two-Path Control
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Unloading systems (Figure 5) locate the pilot so that P2 acts only on
the pilot diaphragm. P1 constantly loads under the regulator diaphragm
and has access to the top of the diaphragm through a fixed restriction.

When downstream demand is constant, the pilot valve is open enough
that PL holds the position of the main regulator diaphragm. When
downstream demand changes, P2 changes and the pilot diaphragm
reacts accordingly. The pilot valve adjusts PL to reposition and hold
the main regulator diaphragm.
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Unloading systems are not quite as fast as two-path systems, and they
can require higher differential pressures to operate. However, they are
simple and more economical, especially in large regulators. Unloading
control is used with popular elastomer diaphragm style regulators.
These regulators use a flexible membrane to throttle flow.
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Because of their high gain, pilot-operated regulators are extremely
accurate. Droop for a direct-operated regulator may be in the range of
10 to 20 percent whereas pilot-operated regulators are between one
and three percent with values under one percent possible.
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Pilot-operated designs provide high capacity for two reasons. First, we
have shown that capacity is related to droop. And because droop can
be made very small by using a pilot, capacity is increased. In addition,
the pilot becomes the “brains” of the system and controls a larger,
sometimes much larger, main regulator. This also allows increased flow
capabilities.
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The lockup characteristics for a pilot-operated regulator are the lockup
characteristics of the pilot. Therefore, with small orifices, lockup
pressures can be small.
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Pilot-operated regulators should be considered whenever accuracy,
capacity, and/or high pressure are important selection criteria. They
can often be applied to high capacity services with greater economy
than a control valve and actuator with controller.
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In some designs (Figure 7), the pilot and main regulator are separate
components. In others (Figure 8), the system is integrated into a
single package. All, however, follow the basic design concepts
discussed earlier.
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Figure 6.  Pilot-Operated Regulator Performance Figure 5.  Unloading Control
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Figure 8.  Type 99, Typical Two-Path Control
with Integrally Mounted Pilot
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The schematic in Figure 7 illustrates the Type 1098-EGR regulator’s
operation. It can be viewed as a model for all two-path, pilot-operated
regulators. The pilot is simply a sensitive direct-operated regulator used
to send loading pressure to the main regulator diaphragm.

Identify the inlet pressure (P1). Find the downstream pressure (P2).
Follow it to where it opposes the loading pressure on the main
regulator diaphragm. Then, trace P2 back to where it opposes the
control spring in the pilot. Finally, locate the route of P2 between the
pilot and the regulator diaphragm.

Changes in P2 register on the pilot and main regulator diaphragms at
the same time. As P2 acts on the main diaphragm, it begins reposition-
ing the main valve plug.  Simultaneously, P2 acting on the pilot
diaphragm repositions the pilot valve and changes PL on the main
regulator diaphragm.  This adjustment in PL accurately positions the
main regulator valve plug.

As downstream demand is met, P2 rises. Because P2 acts directly on
both the pilot and main regulator diaphragms, this design provides fast
response.

� ��
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The schematic in Figure 8 illustrates another typical two-path control
design, the Type 99.  The difference between the Type 1098-EGR and
the Type 99 is the integrally mounted pilot of the Type 99.

The pilot diaphragm measures P2. When P2 falls below the pilot
setpoint, the diaphragm moves away from the pilot orifice and allows
loading pressure to increase. This loads the top of the main regulator
diaphragm and strokes the main regulator valve open further.

Figure 7.  Type 1098-EGR, Typical Two-Path Control
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Unloading designs incorporate a molded composition diaphragm that
serves as the combined loading and restricting component of the main
regulator. Full upstream pressure (P1) is used to load the regulator
diaphragm when it is seated. The Type 399A shown in Figure 9
incorporates an elastomeric valve closure member.

Unloading regulator designs are slower than two-path control
systems because the pilot must first react to changes in P2 before
the main regulator valve moves. Recall that in two-path designs, the
pilot and main regulator diaphragms react simultaneously.

P1 passes through a fixed restriction and fills the space above the
regulator diaphragm. This fixed restriction may be adjusted to
increase or decrease regulator gain. P1 also fills the cavity below the
regulator diaphragm. Because the surface area on the top side of the
diaphragm is larger than the area exposed to P1 below, the diaphragm
is forced down against the cage to close the regulator.

When downstream demand increases, the pilot opens. When the
pilot opens, regulator loading pressure escapes downstream much
faster than P1 can bleed through the fixed restriction. As pressure
above the regulator diaphragm decreases, P1 forces the diaphragm
away from its seat.

When downstream demand is reduced, P2 increases until it’s high
enough to compress the pilot spring and close the pilot valve. As
the pilot valve closes, P1 continues to pass through the fixed
restriction and flows into the area above the main regulator
diaphragm. This loading pressure, PL, forces the diaphragm back
toward the cage, reducing flow through the regulator.

Figure 9.  Type 399A, Typical Elastomer Element Design

INLET PRESSURE, P1

OUTLET PRESSURE, P2

LOADING PRESSURE, PL
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Those who are new to the regulator selection and sizing process are
often overwhelmed by the sheer number of regulator types available
and the seemingly endless lists of specifications in manufacturer’s
literature.  This handbook is designed to assist you in selecting a
regulator that fits your application’s specific needs.

���	������	���������	���� ��!

While it may seem obvious, the first step is to consider the application
itself. Some applications immediately point to a group of regulators
designed specifically for that type of service.  The Fisher Regulator
Handbook is divided into applications sections to help identify
regulators that are designed for specific applications.  Within each
section there is an Application Map, Quick Selection Guide, an
Application Guide, and Product Pages.  The Application Map shows
some of the common applications and the regulators that are used in
those applications.  The Quick Selection Guide lists the regulators by
application, and provides important selection information about each
regulator.  The Application Guide explains the applications covered in
the section and it also explains many of the application considerations.
The Product Pages provide specific details about the regulators that are
suitable for the applications covered in the section.  To begin selecting
a regulator, turn to the Quick Selection Guide in the appropriate
application section.

"���#	���������	������

Quick Selection Guides identify the regulators with the appropriate
pressure ratings, outlet pressure ranges, and capacities.  These guides
quickly narrow the range of potentially appropriate regulators.  The
choices identified by using a Quick Selection Guide can be narrowed
further by using the Product Pages to find more information about each
of the regulators.

������	
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Identifying the regulators that can pass the required flow narrows the
possible choices further. When evaluating flow requirements, consider
the minimum inlet pressure and maximum flow requirements. Again,
this worst case combination ensures that the regulator can pass the
required flow under all anticipated conditions.

After one or more regulators have been identified as potentially
suitable for the service conditions, consult specific Product Pages to
check regulator specifications and capabilities. The application

requirements are compared to regulator specifications to narrow the
range of appropriate selections. The following specifications can be
evaluated in the Product Pages:

• Product description and available sizes

• Maximum inlet and outlet pressures (operating and emergency)

• Outlet pressure ranges

• Flow capacity

• End connection styles

• Regulator construction materials

• Accuracy

• Pressure registration (internal or external)

• Temperature capabilities

After comparing the regulator capabilities with the application
requirements, the choices can be narrowed to one or a few regulators.
Final selection may depend upon other factors including special
requirements, availability, price, and individual preference.

�$���
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Finally, evaluate any special considerations, such as the need for
external control lines, special construction materials, or internal
overpressure protection. While overpressure protection may be
considered during sizing and selection, it is not covered in this section.

�'�	����	�(	�)$�������

Experience in the form of knowing what has worked in the past, and
familiarity with specific products, has great value in regulator sizing
and selection. Knowing the regulator performance characteristics
required for a specific application simplifies the process. For example,
when fast speed of response is required, a direct-operated regulator
may come to mind; or a pilot-operated regulator with an auxiliary, large
capacity pilot to speed changes in loading pressure.

��*���	�"�������

Sizing equations are useful when sizing pilot-operated regulators and
relief valves.  They can also be used to calculate the wide-open flow of
direct-operated regulators.  Use the capacity tables or curves in this
handbook when sizing direct-operated regulators and relief/
backpressure regulators.  The sizing equations are in the Valve Sizing
Calculations section.
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The following are intended to serve only as guidelines when sizing
pressure reducing regulators.  When sizing any regulator, consult with
experienced personnel or the regulator manufacturer for additional
guidance and information relating to specific applications.

 ��+	����

Regulator body size should never be larger than the pipe size.
However, a properly sized regulator may be smaller than the pipeline.

������������

Be certain that the regulator is available in materials that are compatible
with the controlled fluid and the temperatures used. Also, be sure that
the regulator is available with the desired end connections.

�������	�
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While regulators are sized using minimum inlet pressures to ensure that
they can provide full capacity under all conditions, pay particular
attention to the maximum inlet and outlet pressure ratings.

,���-�$��	���.	�
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The capacity of a regulator when it has failed wide-open is usually
greater than the regulating capacity. For that reason, use the regulating
capacities when sizing regulators, and the wide-open flow rates only
when sizing relief valves.

������	�������	�
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If two or more available springs have published outlet pressure ranges
that include the desired pressure setting, use the spring with the lower
range for better accuracy. Also, it is not necessary to attempt to stay
in the middle of a spring range, it is acceptable to use the full published
outlet pressure range without sacrificing spring performance or life.

�����
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Of course, the need for accuracy must be evaluated. Accuracy is
generally expressed as droop, or the reduction of outlet pressure
experienced as the flow rate increases. It is stated in percent, inches

of water column, or pounds per square inch. It indicates the difference
between the outlet pressure at low flow rates and the outlet pressure
at the published maximum flow rate. Droop is also called offset or
proportional band.

�����	�������	������

The regulator inlet pressure used for sizing should be measured
directly at the regulator inlet. Measurements made at any distance
upstream from the regulator are suspect because line loss can signifi-
cantly reduce the actual inlet pressure to the regulator. If the regulator
inlet pressure is given as a system pressure upstream, some compensa-
tion should be considered. Also, remember that downstream pressure
always changes to some extent when inlet pressure changes.

���(���	��
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The recommended selection for orifice size is the smallest diameter
that will handle the flow. This can benefit operation in several ways:
instability and premature wear may be avoided, relief valves may be
smaller, and lockup pressures may be reduced.

�$���	�(	���$����

Direct-operated regulators generally have faster response to quick flow
changes than pilot-operated regulators.

����-��.�	�
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Within reasonable limits, most soft-seated regulators can maintain
pressure down to zero flow. Therefore, a regulator sized for a high
flow rate will usually have a turndown ratio sufficient to handle
pilot-light sized loads during periods of low demand.

��*���	�/�������

Regulator selection and sizing generally requires some subjective
evaluation and decision making.  For those with little experience, the
best way to learn is through example. Therefore, these exercises
present selection and sizing problems for practicing the process of
identifying suitable regulators.
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In this exercise, we need to select and size a regulator controlling steam
to a space heater used to heat an area of a plant. The application
parameters are:

• Inlet pressure, P1 = 125 psig

• Outlet pressure setting, P2 = 10 psig

• Flow, Q = 500 pounds per hour (pph)

• Droop = 20% or less

"���#	���������	�����

Turn to the Steam section.  Find the Pressure Reducing Regulator
Quick Selection Guide.  From the Quick Selection Guide, we find that
there are three possible choices:

• 95L Series

• Type 92C

• 95H Series

������	
���

Under the product number on the Quick Selection Guide is the page
number of the Product Page.  Look at the flow capacities of each of the
possible choices.  From the Product Pages we found the following:

• By looking at the Type 95L capacity table, we find that in the
required outlet pressure range there is not a listed flow capacity.  We
will have to interpolate the flow capacity using the 100 and 200 inlet
pressure flow capacities, 440 and 600 pph.  The interpolated flow
capacity is 480 pph.  The following steps were used to find the
interpolated flow capacity:

Q = 95,000 SCFH

P2 = 1 PSIG
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Figure 1.  Natural Gas Supply
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Our first problem is to select a regulator to supply reduced pressure
natural gas to meet the needs of a small industrial plant. The regulated
gas is metered before entering the plant. The selection parameters are:

• Minimum inlet pressure, P1min = 30 psig

• Maximum inlet pressure, P1max = 40 psig

• Outlet pressure setting, P2 = 1 psig

• Flow, Q = 95,000 scfh

• Accuracy, droop = 10% or less

"���#	���������	�����

Turn to the Natural Gas section.  Find the Commercial/Industrial
Quick Selection Guide.  From the Quick Selection Guide, we find that
there are three possible choices:

• Type 133

• Type 1098-EGR

• Type 99

������	
���

Under the product number on the Quick Selection Guide is the page
number of the Product Page.  Look at the flow capacities of each of the
possible choices.  From the Product Pages we found the following:

• At 30 psig inlet pressure and 10% droop, the Type 133 has a
flow capacity of 90,000 scfh.  This regulator does not meet the
required flow capacity.

• At 30 psig inlet pressure, the Type 1098-EGR has a flow
capacity of 131,000 scfh.  By looking at the Proportional Band
(Droop) table, we see that the Type 6352 pilot with the yellow pilot
spring and the green main valve has 0.05 psig droop.  This regulator
meets the selection criteria.

• At 30 psig inlet pressure, The Type 99 has a flow capacity of
39,000 scfh.  This regulator does not meet the required flow capacity.

���
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We find that the Type 1098-EGR meets the selection criteria.
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1.  Subtract the 100 psig capacity from the 200 psig capacity

600 - 440 = 160

2.  Divide the difference by the number of steps from 100 to 200

160 ÷ ÷ ÷ ÷ ÷ 4 = 40

3.  Add the result to the lower capacity

440 + 40 = 480

Inlet Pressure, psig Interpolated Capacities, pph
100 440
125 480
150 520
175 580
200 600

The interpolated capacities show that the Type 95L does not meet the
flow capacity requirement of this application; however, it is so close
that it may prove worthwhile to examine the actual flow capacity
requirements of the application.

• From the capacity tables we find that a 1/2-inch Type 92C with
10% droop has a flow capacity of 550 pph at 100 psig and 600 pph at
150 psig.  By interpolating, we find that the flow capacity at 125 psig
would be 575 pph.  This regulator meets the required specifications of
the application.

• Looking at the Type 95H capacity tables we find that a 1-1/2 or
2-inch body would meet the required application specifications.

���
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For this application, all of the possible selections may be suitable.
The final selection will depend upon the actual flow requirements of
the system and other factors, such as the price and availability of the
regulators, regulator type and construction, process conditions, and
personal preference.
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For this exercise we want to select a regulator to control a high
pressure water supply to a water-powered hydraulic system.  The
application parameters are:

• Inlet pressure, P1 = 600 psig

• Outlet pressure, P2 = 400 psig

• Flow, Q = 20 gallons per minute (gpm)

"���#	���������	�����

Turn to the Liquid section.  Find the Pressure Reducing Regulator
Quick Selection Guide.  From the Quick Selection Guide, we find that
there are two possible choices:

• 95H Series

• 627W Series

������	
���

Under the product number on the Quick Selection Guide is the page
number of the Product Page.  Look at the flow capacities of each of the
possible choices.  From the Product Pages we find the following:

• From looking at the specifications and maximum pressures of the
95H Series, we find that the Type 95HP meets the application’s
pressure parameters.  Looking at the Type 95HP capacity tables, we
find that a 1/2-inch body has a flow capacity of 22 gpm at 20% droop
and a 3/4-inch body has a flow capacity of 33 gpm at 10% droop.
This regulator is available in two sizes that meet the application
specifications.

• By looking at the specifications on the first page of the 627W
Series, we see that the Type 627WH provides the desired outlet
pressure.  Using the Type 627WH capacity table, we see that the 1-
inch body at 500 psig inlet pressure has a flow capacity of 19 gpm and
with 750 psig inlet pressure the flow capacity is 27 gpm.  By
interpolating, we find that at 400 psig inlet pressure this regulator will
flow at 21 gpm.  This regulator meets the application specifications.

���
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We can see that both of these regulators meet the requirements of the
application.  In this case, the final selection will depend upon other
factors including special requirements, availability, price, individual
preference, and installation and maintenance considerations.

STEAM SPACE
HEATER

Q = 500 POUNDS PER HOUR

P2 = 10 PSIG
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Figure 2.  One Steam Space Heater
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In this exercise, we will select a regulator for a low-pressure gas
system.  This is corrosive gas that requires Hastelloy C wetted metal
parts and ethylenepropylene (EPDM) or teflon (TFE or PTFE)
elastomer parts. The application parameters are:

• Minimum inlet pressure = 60 psig

• Maximum inlet pressure = 125 psig

• Outlet pressure = 7-inches w.c.

• Flow, Q = 200 SCFH

• Specific Gravity = 0.9 at 60°F

"���#	���������	�����

Turn to the Process Gases section.  We go to the Process Gases
section because this application requires special materials. Find the
Pressure Reducing Regulators Quick Selection Guide.  From the Quick
Selection Guide, we find that the following regulators meet the
pressure and flow requirements:

• Y690 Series

• Type Y692

• Type 1098-EGR

• Type 99

However, we need to make sure these regulators are available in the
materials that this application requires.  There is a Material Availabil-
ity Chart as part of the Application Guide.  This chart allows you to
quickly identify the regulators that are available in the materials
required for your application.

By looking at this chart, we find that two of the regulators meet the
application’s material requirements:

• Type Y690

• Type Y692

������	
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Under the product number on the Quick Selection Guide is the page
number of the Product Page.  Look at the flow capacities of each of the
possible choices.  The capacities in this section are shown in scfh of air
(1.0 specific gravity at 60°F).  We need to keep in mind that the
specific gravity of the gas affects the regulator’s flow capacity.
Because the specific gravity of the gas in this application is only
slightly lower than the specific gravity of air, it should not signifi-
cantly affect the flow capacity; however, when there is a larger
difference you will need to make the necessary flow rate conversions.
From the Product Pages we found the following:

• The Y690 Series Construction Materials table shows that the
regulator body and diaphragm case are available in Hastelloy C and the
elastomeric parts are available in ethylenepropylene (EPDM) and
PTFE (teflon).  From the Maximum Operating Inlet Pressure table, we
find that there are two spring ranges that provide the desired outlet
pressure and we need to use a 1/8-inch orifice to meet our inlet
pressure specification.  Next, we check the Capacity tables to make
sure this regulator meets our flow requirements.  The first outlet
pressure range, found in the Type Y690 Capacities table, does not
shown an outlet pressure setting of 7-inches w.c.  For now, we will
move on to the next outlet pressure range shown in the Type Y690H
and Y690M Capacities for 3/4-inch Body table.  We see that this
regulator meets our flow requirements at both the maximum and
minimum inlet pressures.

• By looking at the specifications of the Type Y692, we see that
this regulator is only available in 1-1/2 and 2-inch bodies.  This
regulator more than meets our requirements; however, it would be
oversized for this application.

���
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In this case, the best choice for our application is the Type Y690.
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Overpressure protective devices are of vital concern.  Safety codes and
current laws require their installation each time a pressure reducing
station is installed that supplies gas from any system to another
system with a lower maximum allowable operating pressure.

���������������	��������	���������

The most commonly used methods of overpressure protection, not
necessarily in order of use or importance, include:

• Relief Valves (Figure 1)

• Monitors (Figures 2 and 3)

• Series Regulation (Figure 4)

• Shutoff (Figure 5)

The pop type relief valve is the simplest form of relief.  Pop relief
valves tend to go wide-open once the pressure has exceeded its set
point by a small margin.  The setpoint can drift over time, and because
of its quick opening characteristic the pop relief can sometimes become
unstable when relieving, slamming open and closed.  Many have a non-
adjustable setpoint that is set and pinned at the factory.

If more accuracy is required from a relief valve, the direct-operated
relief valve would be the next choice.  They can throttle better than a
pop relief valve, and tend to be more stable, yet are still relatively simple.
Although there is less drift in the setpoint of the direct-operated relief
valve, a significant amount of buildup is often required to obtain the
required capacity.

The pilot-operated relief valves have the most accuracy, but are also
the most complicated and expensive type of relief.  They use a pilot to
dump loading pressure, fully stroking the main valve with very little
buildup above setpoint.  They have a large capacity and are available in
larger sizes than other types of relief.

Many times, internal relief will provide adequate protection for a
downstream system.  Internal relief uses a relief valve built into the
regulator for protection.  If the pressure builds too far above the
setpoint of the regulator, the relief valve in the regulator opens up,
allowing excess pressure to escape through the regulator vent.

������� ��

The relief valve is considered to be the most reliable type of overpres-
sure protection because it is not subject to blockage by foreign objects in
the line during normal operations.  It also imposes no decrease in the
regulator capacity which it is protecting, and it has the added advan-
tage of being its own alarm when it vents.  It is normally reasonable in
cost and keeps the customer in service despite the malfunction of the
pressure reducing valve.

��������� ��

When the relief valve blows, it could possibly create a hazard in the
surrounding area by venting.  The relief valve must be sized carefully
to relieve the gas or fluid that could flow through the pressure reducing
valve at its maximum inlet pressure and in the wide-open position,
assuming no flow to the downstream.  Therefore, each application
must be sized individually.  The requirement for periodic testing of
relief valves also creates an operational and/or public relations
problem.

Figure 1.  Relief Valve Schematic

��!������!���

A relief valve is a device that vents process fluid to atmosphere to
maintain the pressure downstream of the regulator below the safe
maximum pressure.  Relief is a common form of overpressure
protection typically used for low to medium capacity applications.
(Note:  Fisher relief valves are not ASME safety relief valves.)

�"����
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The basic types of relief valves are:

• Pop type

• Direct-operated relief valves

• Pilot-operated relief valves

• Internal relief valves
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Monitoring is overpressure control by containment.  When the
working pressure reducing valve ceases to control the pressure, a
second regulator installed in series, which has been sensing the
downstream pressure, goes into operation to maintain the downstream
pressure at a slightly higher than normal pressure.  The monitoring
concept is gaining in popularity, especially in low-pressure systems,
because very accurate relay pilots permit reasonably close settings of
the working and monitoring regulators.

The two types of wide-open monitoring are upstream and downstream
monitoring.  One question often asked is, “Which is better, upstream
or downstream monitoring?”  Using two identical regulators, there is
no difference in overall capacity with either method.

When using monitors to protect a system or customer who may at
times have zero load, a small relief valve is sometimes installed
downstream of the monitor system with a setpoint just above the
monitor.  This allows for a token relief in case dust or dirt in the
system prevents bubble tight shutoff of the regulators.

������� ��

The major advantage is that there is no venting to atmosphere.  During
an overpressure situation, monitoring keeps the customer on line and
keeps the downstream pressure relatively close to the setpoint of the
working regulator.  Testing is relatively easy and safe.  To perform a
periodic test on a monitor, increase the outlet set pressure of the
working device and watch the pressure to determine if the monitor
takes over.

��������� ��

Compared to relief valves, monitoring generally requires a higher initial
investment.  Monitoring regulators are subject to blocking, which is
why filters or strainers are specified with increasing frequency.
Because the monitor is in series, it is an added restriction in the line.
This extra restriction can sometimes force one to use a larger, more
expensive working regulator.

&��'��%��������

A variation of monitoring overpressure protection that overcomes
some of the disadvantages of a wide-open monitor is the “working
monitor” concept wherein a regulator upstream of the working
regulator uses two pilots.  This additional pilot permits the monitoring
regulator to act as a series regulator to control an intermediate pressure
during normal operation.  In this way, both units are always operating
and can be easily checked for proper operation.  Should the down-
stream pressure regulator fail to control, however, the monitoring pilot
takes over the control at a slightly higher than normal pressure and
keeps the customer on line.  This is pressure control by containment
and eliminates public relations problems.

Figure 3.  Working Monitor Schematic

Figure 4.  Series Regulation Schematic

Figure 2.  Monitoring Regulators Schematic

Another disadvantage related to monitoring installations is that there is
no way of knowing for certain that a stand-by wide-open monitor will
work if required.  In many cases, the monitor will be examined more
frequently than other forms of overpressure protection.

���������%�!�����

Series regulation is also overpressure protection by containment in that
two regulators are set in the same pipeline.  The first unit maintains an
inlet pressure to the second valve that is within the maximum
allowable operating pressure of the downstream system.  Under this
setup, if either regulator should fail, the resulting downstream pressure
maintained by the other regulator would not exceed the safe maximum
pressure.

This type of protection is normally used where the regulator station is
reducing gas to a pressure substantially below the maximum allowable
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operating pressure of the distribution system being supplied.  Series
regulation is also found frequently in farm taps and in similar situa-
tions within the guidelines mentioned above.

������� ��

Again, nothing is vented to atmosphere.

��������� ��

Because the intermediate pressure must be cut down to a pressure that
is safe for the entire downstream, the second-stage regulator often has
very little pressure differential available to create flow.  This can
sometimes make it necessary to increase the size of the second
regulator significantly.  Another drawback occurs when the first-stage
regulator fails and no change in the final downstream pressure is noticed
because the system operates in what appears to be a “normal” manner
without benefit of protection.  Also, the first-stage regulator and
intermediate piping must be capable of withstanding and containing
maximum upstream pressure.

The second-stage regulator must also be capable of handling the full
inlet pressure in case the first-stage unit fails to operate.  In case the
second-stage regulator fails, its actuator will be subjected to the
intermediate pressure set by the first-stage unit.  The second-stage
actuator pressure ratings should reflect this possibility.

������� ��

By shutting off the customer completely, the safety of the down-
stream system is assured.  Again, there is no public relations problem
or hazard from venting gas or other media.

��������� ��

The customer may be shut off because debris has temporarily lodged
under the seat of the operating regulator, preventing tight shutoff.  A
small relief valve can take care of this situation.

On a distribution system with a single supply, using a slam-shut can
require two trips to each customer, the first to shut off the service
valve, and the second visit after the system pressure has been restored
to turn the service valve back on and re-light the appliances.  In the
event a shutoff is employed on a service line supplying a customer
with processes such as baking, melting metals, or glass making, the
potential economic loss could dictate the use of an overpressure
protection device that would keep the customer online.

Another problem associated with shutoffs is encountered when the gas
warms up under no-load conditions.  For instance, a regulator locked up
at approximately 7-inches w.c. could experience a pressure rise of
approximately 0.8-inches w.c. per degree Fahrenheit rise, which could
cause the high-pressure shutoff to trip when there is actually no
equipment failure.

Figure 5.  Shutoff Schematic
Figure 6.  Relief Monitor Schematic

���������������

The shutoff device also accomplishes overpressure protection by
containment.  In this case, the customer is shut off completely until the
cause of the malfunction is determined and the device is manually reset.
Many gas distribution companies use this as an added measure of
protection for places of public assembly such as schools, hospitals,
churches, and shopping centers.  In those cases, the shutoff device is a
secondary form of overpressure protection.  Shutoff valves are also
commonly used by boiler manufacturers in combustion systems.

��!�����������

Another concept in overpressure protection for small industrial and
commercial loads, up to approximately 10,000 cubic feet per hour,
incorporates both an internal relief valve and a monitor.  In this device,
the relief capacity is purposely restricted to prevent excess venting of
gas in order to bring the monitor into operation more quickly.  The net
result is that the downstream pressure is protected, in some cases to less
than 1 psig.  The amount of gas vented under maximum inlet pressure
conditions does not exceed the amount vented by a domestic relief
type service regulator.
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With this concept, the limitation by regulator manufacturers of inlet
pressure by orifice size, as is found in “full relief” devices, is over-
come.  Downstream protection is maintained, even with abnormally
high inlet pressure.  Public relations problems are kept to a minimum
by the small amount of vented gas.  Also, the unit does not require
manual resetting, but can go back into operation automatically.

Dust or dirt can clear itself off the seat, but if the obstruction to the
disk closing still exists when the load goes on, the customer would be
kept online.  When the load goes off, the downstream pressure will
again be protected.  During normal operation, the monitoring portion
of the relief monitor is designed to move slightly with minor fluctua-
tions in downstream pressure or flow.

������(

From the foregoing discussion, it becomes obvious that there are many
design philosophies available and many choices of equipment to meet
overpressure protection requirements.  Also, assume the overpressure

device will be called upon to operate sometime after it is installed.  The
overall design must include an analysis of the conditions created when
the protection device operates.

The accompanying table shows:

• What happens when the various types of overpressure protec-
tion devices operate

• The type of reaction required

• The effect upon the customer or the public

• Some technical conditions

These are the general characteristics of the various types of safety
devices.  From the conditions and results shown, it is easier to decide
which type of overpressure equipment best meets your needs.
Undoubtedly, compromises will have to be made between the
conditions shown here and any others which may govern your
operating parameters.
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Overpressure protection is a primary consideration in the design of
any piping system. The objective of overpressure protection is to
maintain the pressure downstream of a regulator at a safe maximum
value.

����
��������

Pressure reducing regulators have different pressure ratings which refer
to the inlet, outlet, and internal components. The lowest of these
should be used when determining the maximum allowable pressure.

������

Piping is limited in its ability to contain pressure. In addition to any
physical limitations, some applications must also conform to one or
more applicable pressure rating codes or regulations.
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Relief involves maintaining the pressure downstream of a regulator at a
safe maximum pressure using any device that vents fluid to a lower
pressure system (often the atmosphere).  Relief valve exhaust must be
directed or piped to a safe location. Relief valves perform this
function. They are considered to be one of the most reliable types of
overpressure protection available and are available in a number of
different types. Fisher relief valves are not ASME safety relief valves.

NATU
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TRANSMIS
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E REGULATOR

RELIEF VALVE

RELIEF VALVE
REGULATOR

Type 289 Direct-Operated

Type 627 with Internal ReliefType 289P-6358 Pilot-Operated

H200 Series Pop Type

In the system shown in Figure 1, a high-pressure transmission system
delivers natural gas through a pressure reducing regulator to a lower
pressure system that distributes gas to individual customers.  The
regulators, the piping, and the devices that consume gas are protected
from overpressure by relief valves.  The relief valve’s setpoint is
adjusted to a level established by the lowest maximum pressure rating
of any of the lower pressure system components.
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Overpressure occurs when the pressure of a system is above the
setpoint of the device controlling its pressure. It is evidence of some
failure in the system (often the upstream regulator), and it can cause
the entire system to fail if it’s not limited. To implement overpressure
protection, the weakest part in the pressure system is identified and
measures are taken to limit overpressure to that component’s maximum
pressure rating. The most vulnerable components are identified by
examining the maximum pressure ratings of the:

• downstream equipment

• low-pressure side of the main regulator

• piping

The lowest maximum pressure rating of the three is the maximum
allowable pressure.

!�"�	����#
�$���#���

The downstream component (appliance, burner, boiler, etc.) with the
lowest maximum pressure rating sets the highest pressure that all the
downstream equipment can be subjected to. Figure 2.  Types of Relief Valves

Figure 1.  Distribution System
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Relief valves are popular for several reasons. They do not block the
normal flow through a line. They do not decrease the capacities of the
regulators they protect. And, they have the added advantage of being
an alarm if they vent to atmosphere.

�����
�����
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Relief valves are available in four general types. These include:
pop type, direct-operated, pilot-operated, and internal relief valves.

���������
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A relief valve has a setpoint at which it begins to open. For the valve
to fully open and pass the maximum flow, pressure must build up to
some level above the setpoint of the relief valve. This is known as
pressure buildup over setpoint, or simply, buildup.
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Initial costs are only a part of the overall cost of ownership. Mainte-
nance and installation costs must also be considered over the life of the
relief valve. For example, internal relief may be initially more economi-
cal than an external relief valve. However, maintaining a regulator with
internal relief requires that the system be shut down and the regulator
isolated. This may involve additional time and the installation of
parallel regulators and relief valves if flow is to be maintained to the
downstream system during maintenance operations.
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The most simple type of relief valve is the pop type. They are used
wherever economy is the primary concern and some setpoint drift is
acceptable.

PRESSURE BUILDUP

RELIEF VALVE SETPOINT

FLOW

P
R

E
S

S
U

R
E

LOADING
SPRING

POPPET

SOFT DISK

SEAT RING

Figure 3.  Pressure Buildup

Figure 4.  Pop Type Relief Valve Construction and Operation
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A relief valve installed in a system that normally performs within
design limits is very seldom exercised. The relief valve sits and waits
for a failure. If it sits for long periods it may not perform as expected.
Disks may stick in seats, setpoints can shift over time, and small
passages can become clogged with pipeline debris. Therefore, periodic
maintenance and inspection is recommended. Maintenance require-
ments may influence the selection of a relief valve.

��	�
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Given several types of relief valves to choose from, selecting one type
is generally based on the ability of the valve to provide adequate
protection at the most economical cost. Reduced pressure buildup and
increased capacity generally come at an increased price.

Closed Closed Wide-Open

��������

Pop type relief valves are essentially on-off devices. They operate in
either the closed or wide-open position. Pop type designs register
pressure directly on a spring-opposed poppet. The poppet assembly
includes a soft disk for tight shutoff against the seat ring. When the
inlet pressure increases above setpoint, the poppet assembly is
pushed away from the seat. As the poppet rises, pressure registers
against a greater surface area of the poppet. This dramatically increases
the force on the poppet. Therefore, the poppet tends to travel to the
fully open position reducing pressure buildup.

&���'��
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Recall that pressure buildup relates capacity to pressure; increasing
capacity requires some increase in pressure. In throttling relief valves,
pressure buildup is related to accuracy. In pop type relief valves,
buildup over setpoint results largely because the device is a restriction
to flow rather than the spring rate of the valve’s loading spring.
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The setpoint of a pop type valve cannot be adjusted by the user. The
spring is initially loaded by the manufacturer. A pinned spring retainer
keeps the spring in position. This is a safety measure that prevents
tampering with the relief valve setpoint.

�%�����
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This type of relief valve may be used where venting to the atmosphere
is acceptable, when the process fluid is compatible with the soft disk,
and when relief pressure variations are allowable.  They are often used
as inexpensive token relief. For example, they may be used simply to
provide an audible signal of an overpressure condition.

These relief valves may be used to protect against overpressure
stemming from a regulator with a minimal amount of seat leakage.
Unchecked, this seat leakage could allow downstream pressure to build
to full  P1 over time. The use of a small pop type valve can be installed
to protect against this situation.

These relief valves are also commonly installed with a regulator in a
natural gas system farm tap, in pneumatic lines used to operate air
drills, jackhammers, and other pneumatic equipment, and in many
other applications.

�'�������	

Pop type relief valves use few parts. Their small size allows installa-
tion where space is limited.  Also, low initial cost, easy installation,
and high capacity per dollar invested can result in economical system
relief.

!�	�'�������	

The setpoint of a pop type relief valve may change over time. The soft
disk may stick to the seat ring and cause the pop pressure to increase.

As an on-off device, this style of relief valve does not throttle flow
over a pressure range. Because of its on-off nature, this type of relief
valve may create pressure surges in the downstream system.

If the relief valve capacity is significantly larger than the failed
regulator’s capacity, the relief valve may over-compensate each time it
opens and closes. This can cause the downstream pressure system to
become unstable and cycle. Cycling can damage the relief valve and
downstream equipment.

!����*������!
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Compared to pop type relief valves, direct-operated relief valves
provide throttling action and may require less pressure buildup to
open the relief valve.

DIAPHRAGM
SPRING

VALVE

VENT

FLOW

SYSTEM PRESSURE LOWER-PRESSURE SYSTEM
(USUALLY ATMOSPHERE)

Figure 5.  Direct-Operated Relief Valve Schematic
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A schematic of a direct-operated relief valve is shown in Figure 5. It
looks like an ordinary direct-operated regulator except that it senses
upstream pressure rather than downstream pressure. And, it uses a
spring-close rather than a spring-open action. It contains the same
essential elements as a direct-operated regulator:

• A diaphragm that measures system pressure

• A spring that provides the initial load to the diaphragm and is
used to establish the relief setpoint

• A valve that throttles the relief flow

�������
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As the inlet pressure rises above the setpoint of the relief valve, the
diaphragm is pushed upward moving the valve plug away from the
seat. This allows fluid to escape.

���		���
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As system pressure increases, the relief valve opens wider. This allows
more fluid to escape and protects the system. The increase in pressure
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above the relief setpoint that is required to produce more flow through
the relief valve is referred to as pressure buildup. The spring rate and
orifice size influence the amount of pressure buildup that is required to
fully stroke the valve.
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The relief valve shown in Figure 6 includes a pitot tube to reduce
pressure buildup. When the valve is opening, high fluid velocity
through the seat ring creates an area of relatively low pressure. Low
pressure near the end of the pitot tube draws fluid out of the volume
above the relief valve diaphragm and creates a partial vacuum which
helps to open the valve. The partial vacuum above the diaphragm
increases the relief valve capacity with less pressure buildup over
setpoint.

often pass high flow rates with minimal pressure buildup. Direct-
operated relief valves can provide good accuracy within their design
capacities.
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The purchase price of a direct-operated relief valve is typically lower than
that of a pilot-operated design of the same size. However, pilot-operated
designs may cost less per unit of capacity at very high flow rates.

�����*������!
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Pilot-operated relief valves utilize a pair of direct-operated relief
valves; a pilot and a main relief valve. The pilot increases the effect of
changes in inlet pressure on the main relief valve.

LOADING SPRING

PITOT TUBE

DIAPHRAGM

VALVE DISK

SEAT RING

Figure 7.  Pilot-Operated Designs

Figure 6.  Type 289 Relief Valve with Pitot Tube
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Direct-operated relief valves are commonly used in natural gas systems
supplying commercial enterprises such as restaurants and laundries,
and in industry to protect industrial furnaces and other equipment.
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Some direct-operated relief valves require significant pressure buildup
to achieve maximum capacity. Others, such as those using pitot tubes,

MAIN
REGULATOR

EXHAUST

MAIN REGULATOR
EXHAUST

FLOW
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The operation of a pilot-operated relief valve is quite similar to the
operation of a pilot-operated pressure reducing regulator.  In normal
operation, when system pressure is below setpoint of the relief valve,
the pilot remains closed. This allows loading pressure to register on
top of the main relief valve diaphragm. Loading pressure on top of the
diaphragm is opposed by an equal pressure (inlet pressure) on the
bottom side of the diaphragm. With little or no pressure differential
across the diaphragm, the spring keeps the valve seated. Notice that a
light rate spring may be used because it does not oppose a large
pressure differential across the diaphragm. The light-rate spring
enables the main valve to travel to the wide-open position with little
pressure buildup.

������	���
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When the inlet pressure rises above the relief setpoint, the pilot spring
is compressed and the pilot valve opens. The open pilot bleeds fluid
out of the main valve spring case, decreasing pressure above the main
relief valve diaphragm. If loading pressure escapes faster than it can be
replaced through the restriction, the loading pressure above the main
relief valve diaphragm is reduced and the relief valve opens. System
overpressure exhausts through the vent.

!�����	���
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If inlet pressure drops back to the relief valve setpoint, the pilot
loading spring pushes the pilot valve plug back against the pilot valve
seat. Inlet pressure again loads the main relief valve diaphragm and
closes the main valve.

�������
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The control line connects the pilot with the pressure that is to be
limited. When overpressure control accuracy is a high priority, the
control line tap is installed where protection is most critical.

��!���
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This relief valve is a direct-operated relief valve with a pilot attached
(Figure 8). The pilot is a modified direct-operated relief valve, the inlet
pressure loads the diaphragm and flows through a restriction to supply
loading pressure to the main relief valve diaphragm.

���������

During normal operation, the pilot is closed allowing loading pressure
to register above the main relief valve’s diaphragm. This pressure is
opposed by inlet pressure acting on the bottom of the diaphragm.

If inlet pressure rises above setpoint, the pilot valve opens, exhausting
the  loading pressure. If loading pressure is reduced above the main
relief valve diaphragm faster than it is replaced through the pilot fixed
restriction, loading pressure is reduced and inlet pressure below the
diaphragm will cause the main regulator to open.

If inlet pressure falls below the relief set pressure, the pilot spring will
again close the pilot exhaust, increasing loading pressure above the
main relief valve diaphragm. This increasing loading pressure causes
the main valve to travel towards the closed position.

������#����

Pilot-operated relief valves are able to pass large flow rates with a
minimum pressure buildup.
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Pilot-operated relief valves are used in applications requiring high
capacity and low pressure buildup.
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Figure 8.  Pilot-Operated Relief Valve
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The use of a pilot to load and unload the main diaphragm and the light-
rate spring enables the main valve to travel wide-open with little
pressure buildup over setpoint.

�+��������
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The sensitive pilot produces smooth throttling action when inlet
pressure rises above setpoint. This helps to maintain a steady
downstream system pressure.

�������
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Regulators that include internal relief valves may eliminate the
requirement for external overpressure protection.

��������

The regulator shown in Figure 9 includes an internal relief valve. The
relief valve has a measuring element (the main regulator diaphragm), a
loading element (a light spring), and a restricting element (a valve seat
and disk). The relief valve assembly is located in the center of the
regulator diaphragm.
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Like other spring-loaded designs, internal relief valves will only open
wider if the inlet pressure increases. The magnitude of pressure
buildup is determined by the spring rates of the loading spring plus the
main spring. Both springs are considered because they act together to
resist diaphragm movement when pressure exceeds the relief valve
setpoint.

���'���
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A typical internal relief regulator construction is shown in Figure 9.
The illustration on the left shows the regulator with both the relief
valve and regulator valve in the closed position. The illustration on the
right shows the same unit after the inlet pressure has increased above
the relief valve setpoint. The diaphragm has moved off the relief valve
seat allowing the excess pressure to exhaust through the vent.
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This design is available in configurations that can protect many
pressure ranges and flow rates.  Internal relief is often used in
applications such as farm taps, industrial applications where atmo-
spheric exhaust is acceptable, and house service regulators.

Figure 9.  Internal Relief Design

Regulators that include internal relief valves often eliminate the requirement for external overpressure protection.  The illustration on the left shows the regulator with both the relief valve and the regulator valve in the
closed position.  The illustration on the right shows the same unit after P2 has increased above the relief valve setpoint.  The diaphragm has moved off the relief valve seat allowing flow (excess pressure) to exhaust
through the screened vent.

RELIEF VALVE CLOSED

MAIN VALVE CLOSED

RELIEF VALVE CLOSED

MAIN VALVE CLOSED

LARGE OPENING FOR RELIEF
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Relief setpoint is determined by a combination of the relief valve and
regulator springs; this design generally requires significant pressure
buildup to reach its maximum relief flow rate. For the same reason,
internal relief valves have limited relief capacities. They may provide
full relief capacity, but should be carefully sized for each application.
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Internal relief has a distinct advantage when there is not enough space
for an external relief valve.
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Because a limited number of parts are simply added to the regulator,
this type of overpressure protection is relatively inexpensive com-
pared to external relief valves of comparable capacity.

�����������

Because the relief valve is an integral part of the regulator’s diaphragm,
the regulator must be taken out of service when maintenance is
performed. Therefore, the application should be able to tolerate either
the inconvenience of intermittent supply, or the expense of parallel
regulators and relief valves.

���������
��!
��-��.
������

There are a number of common steps in the relief valve selection and
sizing process. For every application, the maximum pressure condi-
tions, the wide-open regulator flow capacity, and constant downstream
demand should be determined. Finally, this information is used to
select an appropriate relief valve for the application.
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Downstream equipment includes all the components of the system that
contain pressure; household appliances, tanks, tools, machines, outlet
rating of the upstream regulators, or other equipment. The component
with the lowest maximum pressure rating establishes the maximum
allowable system pressure.

��������
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Pressure reducing regulators upstream of the relief valve have ratings
for their inlet, outlet, and internal components. The lowest rating
should be used when determining maximum allowable pressure.

������

Piping pressure limitations imposed by governmental agencies,
industry standards, manufacturers, or company standards should be
verified before defining the maximum overpressure level.
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The smallest of the pressure ratings mentioned above should be used
as the maximum allowable pressure. This pressure level should not be
confused with the relief valve setpoint which must be set below the
maximum allowable system pressure.
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A relief valve must be selected to exhaust enough flow to prevent the
pressure from exceeding the maximum allowable system pressure.  To
determine this flow, review all upstream components for the maximum
possible flow that will cause overpressure.  If overpressure is caused
by a pressure reducing regulator, use the regulator’s wide-open flow
coefficient to calculate the required flow of the relief valve.  This
regulator’s wide-open flow is larger than the regulating flow used to
select the pressure reducing regulator.

Sizing equations have been developed to standardize valve sizing.
Refer to the Valve Sizing Calculations section to find these equations
and explanations on how they are used.

!����#���
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In some applications, the required relief capacity can be reduced by
subtracting any load that is always on the system. This procedure
should be approached with caution because it may be difficult to
predict the worst-case scenario for downstream equipment failures. It
may also be important to compare the chances of making a mistake in
predicting the level of continuous flow consumption with the potential
negative aspects of an error. Because of the hazards involved, relief
valves are often sized assuming no continuous flow to downstream
equipment.
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We have already reviewed the variables required to calculate the
regulator’s wide-open flow rate. In addition, we need to know the type
and temperature of the fluid in the system, and the size of the piping.
Finally, if a vent stack will be required, any additional buildup due to
vent stack resistance should be considered.
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���/��
���		���

A relief valve setpoint is adjusted to a level higher than the regulator’s
lockup pressure. If the relief valve setpoint overlaps lockup pressure
of the regulator, the relief valve may open while the regulator is still
attempting to control the system pressure.
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Once the size, relief pressure, and flow capacity are determined, we
can identify a number of potentially suitable relief valves using the
Quick Selection Guide in the front of each application section in this
handbook. These selection guides give relief set (inlet) pressures,
capacities, and type numbers. These guides can then be further
narrowed by reviewing individual product pages in each section.
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Final selection is usually a matter of compromise. Relief capacities,
buildup levels, sensitivity, throttling capabilities, cost of installation
and maintenance, space requirements, initial purchase price, and other
attributes are all considered when choosing any relief valve.
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The relief valves installed in some applications must meet governmen-
tal, industry, or company criteria.
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To gain a better understanding of the selection and sizing process, it
may be helpful to step through a typical relief valve sizing exercise.
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We’ll assume that we need to specify an appropriate relief valve for a
regulator serving a large plant air supply. There is sufficient space to
install the relief valve and the controlled fluid is clean plant air that can
be exhausted without adding a vent stack.
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The plant supervisor wants the relief valve to throttle open smoothly
so that pressure surges will not damage instruments and equipment in
the downstream system. This will require the selection of a relief valve
that will open smoothly. Plant equipment is periodically shut down
but the air supply system operates continuously. Therefore, the relief
valve must also have the capacity to exhaust the full flow of the
upstream system.

��	����#
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The regulator used is 1 inch in size with a 3/8-inch orifice. The initial
system parameters of pressure and flow were determined when the
regulator was sized for this application.

���		���
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The plant maintenance engineer has determined that the relief valve
should begin to open at 20 psig, and downstream pressure should not
rise above 30 psig maximum allowable system pressure.

�����
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The wide-open regulator flow is calculated to be 23,188 scfh.
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Find the Relief Valve Quick Selection Guide in the Air section of this
handbook; it gives relief set (inlet) pressures and comparative flow
capacities of various relief valves. Since this guide is used to identify
potentially suitable relief valves, we can check the relief set (inlet)
pressures closest to 20 psig and narrow the range of choices. We find
that two relief valves have the required flow capacity at our desired
relief set (inlet) pressure.
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If we look at the product pages for the potential relief valves, we find
that a 1-inch 289H provides the required capacity within the limits of
pressure buildup specified in our initial parameters.
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Capacity curves for the 1-inch Type 289H with this spring are shown
in Figure 10.  By following the curve for the 20 psig setpoint to the
point where it intersects with the 30 psig division, we find that our
relief valve can handle more than the 23,188 scfh required.
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Figure 10.  Type 289H Flow Capacities
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SETPOINT = 15 PSIG

P1
100 PSIG

P2
10 PSIG

PINTERMEDIATE

A B

MONITOR REGULATOR WORKER REGULATOR
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Series regulation is one of the simplest systems used to provide
overpressure protection by containment.  In the example shown in
Figure 1, the inlet pressure is 100 psig, the desired downstream
pressure is 10 psig, and the maximum allowable operating pressure
(MAOP) is 40 psig. The setpoint of the downstream regulator is
10 psig, and the setpoint of the upstream regulator is 30 psig.

Because of the problem in maintaining close control of P2, series
regulation is best suited to applications where the regulator station is
reducing pressure to a value substantially below the maximum
allowable operating pressure of the downstream system. Farm taps are
a good example. The problem of low-pressure drop across the second
regulator is less pronounced in low flow systems.

�������
���� ����
�������

The only difference in configuration between series regulation and
monitors is that in monitor installations, both regulators sense
downstream pressure, P2.  Thus, the upstream regulator must have a
control line.

SETPOINT = 30 PSIG SETPOINT = 10 PSIG

P1
100 PSIG

P2
10 PSIG

PINTERMEDIATE
30 PSIG

A B

Figure 1.  Series Regulation
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If regulator B fails, downstream pressure (P2) is maintained at the
setpoint of regulator A less whatever drop is required to pass the
required flow through the failed regulator B.  If regulator A fails, the
intermediate pressure will be 100 psig.  Regulator B must be able to
withstand 100 psig inlet pressure.
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Either direct-operated or pilot-operated regulators may be used in this
system. Should regulator A fail, PIntermediate will approach P1 so the
outlet rating and spring casing rating of regulator A must be high
enough to withstand full P1. This situation may suggest the use of a
relief valve between the two regulators to limit the maximum value of
PIntermediate.
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A problem with series regulation is maintaining tight control of P2 if
the downstream regulator fails. In this arrangement, it is often
impractical to have the setpoints very close together. If they are, the
pressure drop across regulator B will be quite small. With a small
pressure drop, a very large regulator may be required to pass the
desired flow.

In wide-open monitor systems, both regulators sense downstream pressure.  Setpoints may be very
close to each other.  If the worker regulator fails, the monitor assumes control at a slightly higher
setpoint.  If the monitor regulator fails, the worker continues to provide control.

Figure 2.  Wide-Open Upstream Monitor
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In the example shown in Figure 2, assume that P1 is 100 psig, and the
desired downstream pressure, P2, is 10 psig. Also assume that the
maximum allowable operating pressure of the downstream system is
20 psig; this is the limit we cannot exceed. The setpoint of the
downstream regulator is set at 10 psig to maintain the desired P2 and
the setpoint of the upstream regulator is set at 15 psig to maintain P2
below the maximum allowable operating pressure.

���#��
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When both regulators are functioning properly, regulator B holds P2 at
its setpoint of 10 psig. Regulator A, sensing a pressure lower than its
setpoint of 15 psig tries to increase P2 by going wide-open. This
configuration is known as an upstream wide-open monitor where
upstream regulator A monitors the pressure established by regulator B.
Regulator A is referred to as the monitor or standby regulator while
regulator B is called the worker or the operator.
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If regulator B fails open, regulator A, the monitor, assumes control and
holds P2 at 15 psig. Note that pressure PIntermediate is now P2 plus
whatever drop is necessary to pass the required flow through the failed
regulator B.

�(���#���
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Wide-open monitoring systems may use either direct- or pilot-
operated regulators, the choice of which is dependent on other system
requirements. Obviously, the upstream regulator must have external
registration capability in order to sense downstream pressure, P2.

In terms of ratings, PIntermediate will rise to full P1 when regulator A
fails, so the body outlet of regulator A and the inlet of regulator B
must be rated for full P1.

���������
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The difference between upstream and downstream monitor systems
(Figure 3) is that the functions of the two regulators are reversed. In
other words, the monitor, or standby regulator, is downstream of the
worker, or operator. Systems can be changed from upstream to
downstream monitors, and vice-versa, by simply reversing the
setpoints of the two regulators.
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If the worker, regulator A, fails in an open position, the monitor,
regulator B, senses the increase in P2 and holds P2 at its setpoint of 15
psig. Note that PIntermediate is now P1 minus whatever drop is taken
across the failed regulator A.
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The decision to use either an upstream or downstream monitor system
is largely a matter of personal preference or company policy.

In normal operation, the monitor remains open while the worker is
frequently exercised. Many users see value in changing the system
from an upstream to a downstream monitor at regular intervals, much
like rotating the tires on an automobile. Most fluids have some
impurities such as moisture, rust, or other debris, which may deposit
on regulator components, such as stems, and cause them to become
sticky or bind. Therefore, occasionally reversing the roles of the
regulators so that both are exercised is sometimes seen as a means of
ensuring that protection is available when needed. The job of switching
is relatively simple as only the setpoints of the two regulators are
changed. In addition, the act of changing from an upstream to a
downstream monitor requires that someone visit the site so there is an
opportunity for routine inspection.

���)���
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Working monitors (Figure 4) use design elements from both series
regulation and wide-open monitors. In a working monitor installation,
the two regulators are continuously working as series regulators to take
two pressure cuts.

SETPOINT = 10 PSIG

SETPOINT = 15 PSIG

P1
100 PSIG

P2
10 PSIG

PINTERMEDIATE

A B

MONITOR REGULATORWORKER REGULATOR

The only difference between upstream wide-open monitor systems and downstream wide-open
monitor systems is the role each regulator plays.  Workers and monitors may be switched by
simply reversing the setpoints.

Figure 3.  Wide-Open Downstream Monitor
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Again, assume an inlet pressure of 100 psig and a controlled pressure
(P2)  of 10 psig. Regulator A is now the worker so it maintains P2 at
its setpoint of 10 psig. Regulator B, the monitor, is set at 15 psig and
so remains open.

SETPOINT = 10 PSIG

MONITOR PILOT
(SETPOINT—15 PSIG)

P1
100 PSIG

P2
10 PSIG

PINTERMEDIATE
45 PSIG

WORKER PILOT
(SETPOINT—45 PSIG)

Figure 4.  Working Monitor

Working monitor systems must use a pilot-operated regulator as the monitor, which is always in the
upstream position.  Two pilots are used on the monitor regulator; one to control the intermediate
pressure and one to monitor the downstream pressure.  By taking two pressure drops, both
regulators are allowed to exercise.



Technical

 K - 44

���������	
��
����	
����������
���
�������
���������	

KK

��*�	����#
���������

The downstream regulator may be either direct- or pilot-operated. It is
installed just as in a series or wide-open monitor system. Its setpoint
controls downstream pressure, P2.

��	����#
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The upstream regulator must be a pilot-operated type because it uses
two pilots; a monitor pilot and a worker pilot. The worker pilot is
connected just as in series regulation and controls the intermediate
pressure PIntermediate. Its setpoint (45 psig) is at some intermediate
value that allows the system to take two pressure drops. The monitor
pilot is in series ahead of the worker pilot and is connected so that it
senses downstream pressure, P2. The monitor pilot setpoint (15 psig)
is set slightly higher than the normal P2 (10 psig).
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When both regulators are performing properly, downstream pressure is
below the setting of the monitor pilot, so it is fully open trying to raise
system pressure. Standing wide-open, the monitor pilot allows the
worker pilot to control the intermediate pressure, PIntermediate at
45 psig.  The downstream regulator is controlling P2 at 10 psig.
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If the downstream regulator fails, the monitor pilot will sense the
increase in pressure and take control at 15 psig.
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If the upstream regulator fails, the downstream regulator will remain in
control at 10 psig. Note that the downstream regulator must be rated
for the full system inlet pressure P1 of 100 psig because this will be its
inlet pressure if the upstream regulator fails. Also note that the outlet
rating of the upstream regulator, and any other components that are
exposed to PIntermediate, must be rated for full P1.
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The difficult part of sizing monitor regulators is that PIntermediate is
needed to determine the flow capacity for both regulators.  Because
PIntermediate is not available, other sizing methods are used to determine
the capacity.  There are three methods for sizing monitor regulators:
estimating flow when pressure drop is critical, assuming PIntermediate to
calculate flow, and the Fisher Monitor Sizing Program.
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If the pressure drop across both regulators from P1 to P2 is critical
(assume PIntermediate = P1 - P2/2 + P2, P1 - PIntermediate > P1, and
PIntermediate - P2 > 1/2 PIntermediate), and both regulators are the same
type, the capacity of the two regulators together is 70 to 73 percent of
a single regulator reducing the pressure from P1 to P2.
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Assume PIntermediate is halfway between P1 and P2.  Guess a regulator
size.  Use the assumed PIntermediate and the Cg for each regulator to
calculate the available flow rate for each regulator.  If PIntermediate was
correct, the calculated flow through each regulator will be the same.  If
the flows are not the same, change PIntermediate and repeat the calcula-
tions.  (PIntermediate will go to the correct assumed pressure whenever
the flow demand reaches maximum capacity.)
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Fisher offers a Monitor Sizing Program on the Fisher Regulator CD.
Call your Fisher Sales Representative to request a copy.
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Improper valve sizing can be both expensive and inconvenient.  A valve
that is too small will not pass the required flow, and the process will be
starved.  An oversized valve will be more expensive, and it may lead to
instability and other problems.

The days of selecting a valve based upon the size of the pipeline are
gone.  Selecting the correct valve size for a given application requires a
knowledge of process conditions that the valve will actually see in
service.  The technique for using this information to size the valve is
based upon a combination of theory and experimentation.

�������������������������

Using the principle of conservation of energy, Daniel Bernoulli found
that as a liquid flows through an orifice, the square of the fluid velocity
is directly proportional to the pressure differential across the orifice
and inversely proportional to the specific gravity of the fluid.  The
greater the pressure differential, the higher the velocity; the greater the
density, the lower the velocity.  The volume flow rate for liquids can be
calculated by multiplying the fluid velocity times the flow area.

By taking into account units of measurement, the proportionality
relationship previously mentioned, energy losses due to friction and
turbulence, and varying discharge coefficients for various types of
orifices (or valve bodies), a basic liquid sizing equation can be written
as follows:

Q =  C P / Gv ∆ (1)

where:

Q = Capacity in gallons per minute

Cv = Valve sizing coefficient determined experimentally for each
style and size of valve, using water at standard conditions
as the test fluid

∆P = Pressure differential in psi

G = Specific gravity of fluid (water at 60°F = 1.0000)

Thus, Cv is numerically equal to the number of U.S. gallons of water at
60°F that will flow through the valve in one minute when the pressure
differential across the valve is one pound per square inch.  Cv varies
with both size and style of valve, but provides an index for comparing
liquid capacities of different valves under a standard set of conditions.

To aid in establishing uniform measurement of liquid flow capacity
coefficients (Cv) among valve manufacturers, the Fluid Controls
Institute (FCI) developed a standard test piping arrangement, shown in
Figure 1.  Using such a piping arrangement, most valve manufacturers

develop and publish Cv information for their products, making it
relatively easy to compare capacities of competitive products.

To calculate the expected Cv for a valve controlling water or other
liquids that behave like water, the basic liquid sizing equation above
can be re-written as follows:

C  =  Q 
G
Pv ∆

(2)
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Viscous conditions can result in significant sizing errors in using the
basic liquid sizing equation, since published Cv values are based on test
data using water as the flow medium.   Although the majority of valve
applications will involve fluids where viscosity corrections can be
ignored, or where the corrections are relatively small, fluid viscosity
should be considered in each valve selection.

Fisher has developed a nomograph (Figure 2) that provides a viscosity
correction factor (Fv).  It can be applied to the standard Cv coefficient
to determine a corrected coefficient (Cvr) for viscous applications.
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Using the Cv determined by the basic liquid sizing equation and the
flow and viscosity conditions, a fluid Reynolds number can be found
by using the nomograph in Figure 2.  The graph of Reynolds number
vs. viscosity correction factor (Fv) is used to determine the correction
factor needed.  (If the Reynolds number is greater than 3500, the
correction will be ten percent or less.)  The actual required Cv (Cvr) is
found by the equation:

C  = F Cvr v v  (3)

From the valve manufacturer’s published liquid capacity information,
select a valve having a Cv equal to or higher than the required coefficient
(Cvr) found by the equation above.

Figure 1.  Standard FCI Test Piping for Cv Measurement

PRESSURE
INDICATORS∆∆∆∆∆P ORIFICE

METER

INLET VALVE TEST VALVE LOAD VALVE
FLOW
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Figure 2.  Nomograph for Determining Viscosity Correction
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Use this nomograph to correct for the effects of viscosity.  When assem-
bling data, all units must correspond to those shown on the nomograph.  For
high-recovery, ball-type valves, use the liquid flow rate Q scale designated
for single-ported valves.  For butterfly and eccentric disk rotary valves, use
the liquid flow rate Q scale designated for double-ported valves.

��"���#$%����#�����

1. Single-Ported Valves:   
NR =  17250

Q

C  v csν

2. Double-Ported Valves:    
NR =  12200

Q

C  v csν

��"���#$%�$��������

1. Lay a straight edge on the liquid sizing coefficient on Cv scale and flow
rate on Q scale.  Mark intersection on index line.  Procedure A uses value of
Cvc; Procedures B and C use value of Cvr.

2. Pivot the straight edge from this point of intersection with index line to
liquid viscosity on proper ν scale.  Read Reynolds number on NR scale.

3. Proceed horizontally from intersection on NR scale to proper curve, and
then vertically upward or downward to Fv scale.  Read Cv correction factor on
Fv scale.
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Select the required liquid sizing coefficient (Cvr) from the
manufacturer’s published liquid sizing coefficients (Cv) for the style
and size valve being considered.  Calculate the maximum flow rate
(Qmax) in gallons per minute (assuming no viscosity correction required)
using the following adaptation of the basic liquid sizing equation:

Q  =  C P / Gmax vr ∆ (4)

Then incorporate viscosity correction by determining the fluid
Reynolds number and correction factor Fv from the viscosity correction
nomograph and the procedure included on it.

Calculate the predicted flow rate (Qpred) using the formula:

Q  =  
Q
Fpred
max

v
(5)
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Select the required liquid sizing coefficient (Cvr) from the published
liquid sizing coefficients (Cv) for the valve style and size being
considered.  Determine the Reynolds number and correct factor Fv from
the nomograph and the procedure on it.  Calculate the sizing coefficient
(Cvc) using the formula:

C  =  
C
Fvc

vr

v
(6)

Calculate the predicted pressure drop (∆Ppred) using the formula:

∆Ppred vc =  G (Q /C )2 (7)
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The occurrence of flashing or cavitation within a valve can have a
significant effect on the valve sizing procedure.  These two related
physical phenomena can limit flow through the valve in many applica-
tions and must be taken into account in order to accurately size a valve.
Structural damage to the valve and adjacent piping may also result.
Knowledge of what is actually happening within the valve may permit
selection of a size or style of valve which can reduce, or compensate
for, the undesirable effects of flashing or cavitation.

The “physical phenomena” label is used to describe flashing and
cavitation because these conditions represent actual changes in the form

of the fluid media.  The change is from the liquid state to the vapor
state and results from the increase in fluid velocity at or just down-
stream of the greatest flow restriction, normally the valve port.  As
liquid flow passes through the restriction, there is a necking down, or
contraction, of the flow stream.  The minimum cross-sectional area of
the flow stream occurs just downstream of the actual physical
restriction at a point called the vena contracta, as shown in Figure 3.

To maintain a steady flow of liquid through the valve, the velocity must
be greatest at the vena contracta, where cross sectional area is the least.
The increase in velocity (or kinetic energy) is accompanied by a
substantial decrease in pressure (or potential energy) at the vena
contracta.  Further downstream, as the fluid stream expands into a
larger area, velocity decreases and pressure increases.  But, of course,
downstream pressure never recovers completely to equal the pressure
that existed upstream of the valve.  The pressure differential (∆P) that
exists across the valve is a measure of the amount of energy that was
dissipated in the valve.  Figure 4 provides a pressure profile explaining
the differing performance of a streamlined high recovery valve, such as a
ball valve and a valve with lower recovery capabilities due to greater
internal turbulence and dissipation of energy.

Regardless of the recovery characteristics of the valve, the pressure
differential of interest pertaining to flashing and cavitation is the

Figure 3.  Vena Contracta

Figure 4.  Comparison of Pressure Profiles for
High and Low Recovery Valves

VENA CONTRACTA
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differential between the valve inlet and the vena contracta.  If pressure
at the vena contracta should drop below the vapor pressure of the fluid
(due to increased fluid velocity at this point) bubbles will form in the
flow stream.  Formation of bubbles will increase greatly as vena
contracta pressure drops further below the vapor pressure of the liquid.
At this stage, there is no difference between flashing and cavitation, but
the potential for structural damage to the valve definitely exists.

If pressure at the valve outlet remains below the vapor pressure of the
liquid, the bubbles will remain in the downstream system and the
process is said to have “flashed.”  Flashing can produce serious erosion
damage to the valve trim parts and is characterized by a smooth,
polished appearance of the eroded surface.  Flashing damage is normally
greatest at the point of highest velocity, which is usually at or near the
seat line of the valve plug and seat ring.

However, if downstream pressure recovery is sufficient to raise the
outlet pressure above the vapor pressure of the liquid, the bubbles will
collapse, or implode, producing cavitation.  Collapsing of the vapor
bubbles releases energy and produces a noise similar to what one would
expect if gravel were flowing through the valve.  If the bubbles collapse
in close proximity to solid surfaces, the energy released gradually wears
the material leaving a rough, cinderlike surface.  Cavitation damage may
extend to the downstream pipeline, if that is where pressure recovery
occurs and the bubbles collapse.  Obviously, “high recovery” valves
tend to be more subject to cavitation, since the downstream pressure is
more likely to rise above the liquid’s vapor pressure.

�(�)�!����&

Aside from the possibility of physical equipment damage due to
flashing or cavitation, formation of vapor bubbles in the liquid
flowstream causes a crowding condition at the vena contracta which
tends to limit flow through the valve.  So, while the basic liquid sizing
equation implies that there is no limit to the amount of flow through a
valve as long as the differential pressure across the valve increases, the
realities of flashing and cavitation prove otherwise.  If valve pressure
drop is increased slightly beyond the point where bubbles begin to
form, a choked flow condition is reached.  With constant upstream
pressure, further increases in pressure drop (by reducing downstream
pressure) will not produce increased flow.  The limiting pressure
differential is designated ∆Pallow and the valve recovery coefficient (Km)
is experimentally determined for each valve, in order to relate choked
flow for that particular valve to the basic liquid sizing equation.  Km is
normally published with other valve capacity coefficients.  Figures 4
and 5 show these flow vs. pressure drop relationships.

Use the following equation to determine maximum allowable pressure
drop that is effective in producing flow.  Keep in mind, however, that

the limitation on the sizing pressure drop, ∆Pallow, does not imply a
maximum pressure drop that may be controlled by the valve.

∆Pallow m 1 c v =  K  (P  -  r  P ) (8)

where:

∆Pallow = maximum allowable differential pressure for sizing
purposes, psi

Km = valve recovery coefficient from manufacturer’s literature

P1 = body inlet pressure, psia

rc = critical pressure ratio determined from Figures 7 and 8

Pv = vapor pressure of the liquid at body inlet temperature, psia
(vapor pressures and critical pressures for many common
liquids are provided in the Physical Constants of Hydro-
carbons and Physical Constants of Fluids tables; refer to
the Table of Contents on page K-i for the page number).

Figure 5.  Flow Curve Showing Cv and Km

Figure 6.  Relationship Between Actual ∆P and ∆P Allowable
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After calculating ∆Pallow, substitute it into the basic liquid sizing
equation  Q v=  C  P / G∆   to determine either Q or Cv.  If the actual ∆P
is less the ∆Pallow, then the actual ∆P should be used in the equation.

The equation used to determine ∆Pallow should also be used to calculate
the valve body differential pressure at which significant cavitation can
occur.  Minor cavitation will occur at a slightly lower pressure
differential than that predicted by the equation, but should produce
negligible damage in most globe-style control valves.

Consequently, it can be seen that initial cavitation and choked flow
occur nearly simultaneously in globe-style or low-recovery valves.

However, in high-recovery valves such as ball or butterfly valves,
significant cavitation can occur at pressure drops below that which
produces choked flow.  So while ∆Pallow and Km are useful in predicting
choked flow capacity, a separate cavitation index (Kc) is needed to
determine the pressure drop at which cavitation damage will begin (∆Pc)
in high-recovery valves.

The equation can be expressed:

∆Pc c =  K  (P  -  P1 v ) (9)

This equation can be used anytime outlet pressure is greater than the
vapor pressure of the liquid.

Addition of anti-cavitation trim tends to increase the value of Km.  In
other words, choked flow and insipient cavitation will occur at
substantially higher pressure drops than was the case without the anti-
cavitation accessory.
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The most common use of the basic liquid sizing equation is to deter-
mine the proper valve size for a given set of service conditions.  The
first step is to calculate the required Cv by using the sizing equation.
The ∆P used in the equation must be the actual valve pressure drop or
∆Pallow, whichever is smaller.  The second step is to select a valve, from
the manufacturer’s literature, with a Cv equal to or greater than the
calculated value.

Accurate valve sizing for liquids requires use of the dual coefficients of
Cv and Km.  A single coefficient is not sufficient to describe both the
capacity and the recovery characteristics of the valve.  Also, use of the
additional cavitation index factor Kc is appropriate in sizing high
recovery valves, which may develop damaging cavitation at pressure
drops well below the level of the choked flow.

Figure 7.  Critical Pressure Ratios for Water Figure 8.  Critical Pressure Ratios for Liquid Other than Water

Use this curve for water.  Enter on the abscissa at the water vapor pressure at
the valve inlet.  Proceed vertically to intersect the curve.  Move horizontally to
the left to read the critical pressure ratio, rc, on the ordinate.

Use this curve for liquids other than water.  Determine the vapor pressure/
critical pressure ratio by dividing the liquid vapor pressure at the valve inlet by
the critical pressure of the liquid.  Enter on the abscissa at the ratio just
calculated and proceed vertically to intersect the curve.  Move horizontally to
the left and read the critical pressure ratio, rc, on the ordinate.
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Cv = valve sizing coefficient for liquid determined experimen-
tally for each size and style of valve, using water at
standard conditions as the test fluid

Cvc = calculated Cv coefficient including correction for viscosity

Cvr = corrected sizing coefficient required for viscous
applications

∆P = differential pressure, psi

∆Pallow = maximum allowable differential pressure for sizing
purposes, psi

∆Pc = pressure differential at which cavitation damage
begins, psi

Fv = viscosity correction factor

G = specific gravity of fluid (water at 60°F = 1.0000)

Kc = dimensionless cavitation index used in determining ∆Pc

Km = valve recovery coefficient from manufacturer’s literature

P1 = body inlet pressure, psia

Pv = vapor pressure of liquid at body inlet temperature, psia

Q = flow rate capacity, gallons per minute

Qmax = designation for maximum flow rate, assuming no viscosity
correction required, gallons per minute

Qpred = predicted flow rate after incorporating viscosity
correction, gallons per minute

rc = critical pressure ratio
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C  =  Q 
G
Pv ∆

C  = F Cvr v v  

Q  =  C P / Gmax vr ∆
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A sizing procedure for gases can be established based on adaptions of
the basic liquid sizing equation.  By introducing conversion factors to
change flow units from gallons per minute to cubic feet per hour and to
relate specific gravity in meaningful terms of pressure, an equation can
be derived for the flow of air at 60°F.  Since 60°F corresponds to 520°
on the Rankine absolute temperature scale, and since the specific
gravity of air at 60°F is 1.0, an additional factor can be included to
compare air at 60°F with specific gravity (G) and absolute temperature
(T) of any other gas.  The resulting equation can be written:

Q  = .  C P  
P

P
  

GTscfh v59 64
520

1
1

∆
 (A)

The equation shown above, while valid at very low pressure drop
ratios, has been found to be very misleading when the ratio of pressure
drop (∆P) to inlet pressure (P1) exceeds 0.02.  The deviation of actual
flow capacity from the calculated flow capacity is indicated in Figure 8
and results from compressibility effects and critical flow limitations at
increased pressure drops.

Critical flow limitation is the more significant of the two problems
mentioned.  Critical flow is a choked flow condition caused by
increased gas velocity at the vena contracta.  When velocity at the vena
contracta reaches sonic velocity, additional increases in ∆P by reducing
downstream pressure produce no increase in flow.  So, after critical
flow condition is reached (whether at a pressure drop/inlet pressure
ratio of about 0.5 for glove valves or at much lower ratios for high
recovery valves) the equation above becomes completely useless. If
applied, the Cv equation gives a much higher indicated capacity than
actually will exist.  And in the case of a high recovery valve which
reaches critical flow at a low pressure drop ratio (as indicated in
Figure 8), the critical flow capacity of the valve may be over-estimated
by as much as 300 percent.

The problems in predicting critical flow with a Cv-based equation led
to a separate gas sizing coefficient based on air flow tests.  The
coefficient (Cg) was developed experimentally for each type and size
of valve to relate critical flow to absolute inlet pressure.  By including
the correction factor used in the previous equation to compare air at
60°F with other gases at other absolute temperatures, the critical flow
equation can be written:

Q  =  C P  520 / GTcritical g 1 (B)

Figure 9.  Critical Flow for High and Low Recovery
Valves with Equal Cv
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To account for differences in flow geometry among valves, equations
(A) and (B) were consolidated by the introduction of an additional
factor (C1).  C1 is defined as the ratio of the gas sizing coefficient and
the liquid sizing coefficient and provides a numerical indicator of the
valve’s recovery capabilities.  In general, C1 values can range from
about 16 to 37, based on the individual valve’s recovery characteristics.
As shown in the example, two valves with identical flow areas and
identical critical flow (Cg) capacities can have widely differing C1
values dependent on the effect internal flow geometry has on liquid
flow capacity through each valve.  Example:

High Recovery Valve

Cg = 4680

Cv = 254

C1 = Cg/Cv

= 4680/254

= 18.4

Low Recovery Valve

Cg = 4680

Cv = 135

C1 = Cg/Cv

= 4680/135

= 34.7

∆P/P1

HIGH RECOVERY

LOW RECOVERY

Cv

Q ∆P
P

 =  0.15
1

∆P
P

 =  0.5
1
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So we see that two sizing coefficients are needed to accurately size
valves for gas flow—Cg to predict flow based on physical size or flow
area, and C1 to account for differences in valve recovery characteris-
tics.  A blending equation, called the Universal Gas Sizing Equation,
combines equations (A) and (B) by means of a sinusoidal function, and
is based on the “perfect gas” laws.  It can be expressed in either of the
following manners:

Q  =  
520
GT

 C P  SIN 
59.64

C
 

P
P

 rad.scfh g 1
1 1























∆
(C)

OR

Q  =  
520
GT

 C P  SIN 
3417
C

 
P

P
 Deg.scfh g 1

1 1























∆
(D)

In either form, the equation indicates critical flow when the sine
function of the angle designated within the brackets equals unity.  The
pressure drop ratio at which critical flow occurs is known as the
critical pressure drop ratio.  It occurs when the sine angle reaches π/2
radians in equation (C) or 90 degrees in equation (D).  As pressure
drop across the valve increases, the sine angle increases from zero up
to π/2 radians (90°).  If the angle were allowed to increase further, the
equations would predict a decrease in flow.  Since this is not a realistic
situation, the angle must be limited to 90 degrees maximum.

Although “perfect gases,” as such, do not exist in nature, there are a
great many applications where the Universal Gas Sizing Equation, (C)
or (D), provides a very useful and usable approximation.
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The density form of the Universal Gas Sizing Equation is the most
general form and can be used for both perfect and non-perfect gas
applications.  Applying the equation requires knowledge of one
additional condition not included in previous equations, that being the
inlet gas, steam, or vapor density (d1) in pounds per cubic foot.
(Steam density can be determined from tables.)

Then the following adaptation of the Universal Gas Sizing Equation
can be applied:

Q  =  1.06 d P  C  SIN  
3417

C
  

P
P

  Deg.lb/hr 1 1 g
1 1









∆
(E)
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If steam applications do not exceed 1000 psig, density changes can be
compensated for by using a special adaptation of the Universal Gas
Sizing Equation.  It incorporates a factor for amount of superheat in
degrees Fahrenheit (Tsh) and also a sizing coefficient (Cs) for steam.
Equation (F) eliminates the need for finding the density of
superheated steam, which was required in Equation (E).  At
pressures below 1000 psig, a constant relationship exists between
the gas sizing coefficient (Cg) and the steam coefficient (Cs).
This relationship can be expressed: Cs = Cg/20.  For higher steam
pressure applications, use Equation (E).

Q =
C P

1 +  0.00065T
 SIN 

3417
C

 
P

P
  Deg.lb/hr

s 1

sh 1 1
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The Universal Gas Sizing Equation can be used to determine the flow
of gas through any style of valve.  Absolute units of temperature and
pressure must be used in the equation.  When the critical pressure drop
ratio causes the sine angle to be 90 degrees, the equation will predict
the value of the critical flow.  For service conditions that would result
in an angle of greater than 90 degrees, the equation must be limited to
90 degrees in order to accurately determine the critical flow.

Most commonly, the Universal Gas Sizing Equation is used to
determine proper valve size for a given set of service conditions.  The
first step is to calculate the required Cg by using the Universal Gas
Sizing Equation.  The second step is to select a valve from the
manufacturer’s literature.  The valve selected should have a Cg which
equals or exceeds the calculated value.  Be certain that the assumed C1
value for the valve is selected from the literature.

It is apparent that accurate valve sizing for gases that requires use of
the dual coefficient is not sufficient to describe both the capacity and
the recovery characteristics of the valve.

Proper selection of a control valve for gas service is a highly technical
problem with many factors to be considered.  Leading valve manufac-
turers provide technical information, test data, sizing catalogs,
nomographs, sizing slide rules, and computer or calculator programs
that make valve sizing a simple and accurate procedure.
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C1 = Cg/Cv

Cg = gas sizing coefficient

Cs = steam sizing coefficient, Cg/20

Cv = liquid sizing coefficient

d1 = density of steam or vapor at inlet, pounds/cu. foot

G = gas specific gravity (air = 1.0)

P1 = valve inlet pressure, psia

∆P = pressure drop across valve, psi

Qcritical = critical flow rate, scfh

Qscfh = gas flow rate, scfh

Qlb/hr = steam or vapor flow rate, pounds per hour

T = absolute temperature of gas at inlet, degrees Rankine

Tsh = degrees of superheat, °F

�����
!�����+���	�
����+�
���� �

noitacilppAnoitauqEgniziSmaetSdnasaG
NOITAUQE NOITACILPPA

A P/PD(porderusserpwolyrevtaylnoesU 1 .sselro20.0fosoitar)

B .erusserptelninevigatayticapacwolflacitircenimretedotylnoesU

C

D

RO
.noitauqEgniziSsaGlasrevinU

ehtotgnirehdasagynarof,sevlavyrevocerwolrohgihrehtierofwolftciderpotesU
.snoitidnocecivresynarednudna,swalsagtcefrep

E
ropavynarof,snoitacilppagnizissagtcefrep-nonrotcefreprofwolftciderpotesU

.nwonksiytisneddiulfnehwnoitidnocecivresynata,maetsgnidulcni

F .sselrogisp0001sierusserptelninehwwolfmaetsenimretedotylnoesU

Q  =  
520
GT

 C P  SIN 
59.64

C
 

P
P

 rad.scfh g 1
1 1





















∆

Q  =  C P  520 / GTcritical g 1

Q  = .  C P  
P

P
  

GTscfh v59 64
520

1
1

∆
 

Q  =  
520
GT

 C P  SIN 
3417
C

 
P

P
 Deg.scfh g 1

1 1





















∆

Q  =  1.06 d P  C  SIN  
3417
C

  
P

P
  Deg.lb/hr 1 1 g

1 1









∆

Q  =  
C P

1 +  0.00065T
 SIN  

3417
C

  
P

P
  Deg.lb/hr

s 1

sh 1 1









































∆



Technical

 K - 54

���������	
���

KK

����������������

Vacuum regulators and vacuum breakers are widely used in process
plants.  However, there is little application information available from
regulator manufacturers.  Conventional regulators and relief valves are
suitable for vacuum service if applied correctly.  This section provides
fundamentals and examples.
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Just like there are pressure reducing regulators and pressure relief
valves for positive pressure service, there are also two basic types of
valves for vacuum service.  The terms used for each are sometimes
confusing.  Therefore, it is sometimes necessary to ask further
questions to determine the required function of the valve.  Fisher uses
the terms vacuum regulator and vacuum breaker to differentiate
between the two types.

ABSOLUTE
ZERO

-14.7 PSIG
(-1,01 BAR G),
0 PSIA (0 BAR A)

ATMOSPHERIC

5 PSIG  (0,34 BAR G) VACUUM,
-5 PSIG (-0,34 BAR G),
9.7 PSIA (0,67 BAR A)

0 PSIG (0 BAR G),
14.7 PSIA (1,01 BAR A)

5 PSIG (0,34 BAR G),
19.7 PSIA (1,36 BAR A)

POSITIVE
PRESSURE

VACUUM

WHEN TANK PRESSURE INCREASES
(MOVES TOWARD 0 PSIG (0 BAR)), REGULATOR OPENS

SPRING OPENED

VACUUM
TANK

ATMOSPHERE

VACUUM
PUMP

1 PSIG (0,069 BAR) = 27.7 INCHES OF WATER (69 mBAR) = 2.036 INCHES OF MERCURY
1kg/cm2 = 10.01 METERS OF WATER = 0.7355 METERS OF MERCURY

Figure 1.  Vacuum Terminology
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Engineers use a variety of terminology to describe vacuum, which
can cause some confusion.  Determine whether the units are in
absolute pressure or gauge pressure (0 psi gauge (0 bar gauge) is
atmospheric pressure).

• 5 psig (0,34 bar g) vacuum is 5 psi (0,34 bar) below
atmospheric pressure

• -5 psig (0,34 bar g) is 5 psi (0,34 bar) below atmospheric pressure.

• 9.7 psia (0,67 bar a) is 9.7 psi (0,67 bar) above absolute zero or
5 psi (0,34 bar) below atmospheric pressure
(14.7 psia - 5 psi = 9.7 psia (1,01 bar a - 0,34 bar = 0,67 bar a)).

Figure 2.  Conventional Regulator used as a Vacuum Regulator

�������� ������

Vacuum regulators maintain a constant vacuum at the regulator inlet.  A
decrease in this vacuum (increase in absolute pressure) beyond setpoint
registers on the diaphragm and opens the disk.  It depends on the valve
as to which side of the diaphragm control pressure is measured.  Opening
the valve plug permits a downstream vacuum of lower absolute pressure
than the upstream vacuum to restore the upstream vacuum to its original
setting.

Besides the typical vacuum regulator, a conventional regulator can be
suitable if applied correctly.  Any pressure reducing regulator (spring to
open device) that has an external control line connection and an
O-ring stem seal can be used as a vacuum regulator.  Installation requires
a control line to connect the vacuum being controlled and the spring case.
The regulator spring range is now a negative pressure range and the body
flow direction is the same as in conventional pressure reducing service.
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VACUUM

BEING LIMITED

VACUUM

PUMP

VACUUM BEING

CONTROLLED

HIGHER

VACUUM SOURCE
VACUUM

PUMP
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Vacuum breakers are used in applications where an increase in vacuum
must be limited.  An increase in vacuum (decrease in absolute pressure)
beyond a certain value causes the diaphragm to move and open the
disk. This permits atmospheric pressure, positive pressure, or an
upstream vacuum that has higher absolute pressure than the down-
stream vacuum, to enter the system and restore the controlled vacuum
to its original pressure setting.

A vacuum regulator is a spring-to-close device, meaning that if there is
no pressure on the valve the spring will push the valve plug into its
seat. Fisher Controls has various products to handle this application.
Some valves are designed as vacuum breakers. Fisher relief valves can
also be used as vacuum breakers.

A conventional relief valve can be used as a vacuum breaker, as long as
it has a threaded spring case vent so a control line can be attached.  If
inlet pressure is atmospheric air, then the internal pressure registration
from body inlet to lower casing admits atmospheric pressure to the lower
casing.  If inlet pressure is not atmospheric, a relief valve in which the
lower casing can be vented to atmosphere when the body inlet is
pressurized must be chosen.  In this case, Fisher uses the terminology
‘blocked throat’ or ‘external registration with O-ring stem seal.’

WHEN TANK PRESSURE DECREASES
(TOO MUCH VACUUM), VALVE OPENS

VACUUM
TANK

ATMOSPHERIC OR POSITIVE
PRESSURE

SPRING CLOSEDUNAVOIDABLE
LEAKAGE

Y695VR VACUUM REGULATOR

POSITIVE PRESSURE OR ATMOSPHERE,
OR A LESSER VACUUM THAN THE

VACUUM BEING LIMITED

Y690VB VACUUM BREAKER

Figure 5.  Typical Vacuum Breaker Installation

Figure 3.  Typical Vacuum Regulator Installation

Figure 4.  Conventional Relief Valve used as a Vacuum Breaker

A spring that normally has a range of 6 to 11-inches w.c. (15 to 27 mbar)
positive pressure will now have a range of 6 to 11-inches w.c. (15 to 27
mbar) vacuum (negative pressure).  It may be expedient to benchset the
vacuum breaker if the type chosen uses a spring case closing cap.
Removing the closing cap to gain access to the adjusting screw will admit
air into the spring case when in vacuum service.

ATMOSPHERE

CONTROL PRESSURE (VACUUM)

OUTLET PRESSURE (VACUUM)

ATMOSPHERIC PRESSURE

INLET PRESSURE

CONTROL PRESSURE (VACUUM)

ATMOSPHERIC PRESSURE



Technical

 K - 56

���������	
���

KK

VACUUM BEING CONTROLLED HIGHER VACUUM SOURCE

ATMOSPHERIC
BLEED

FIXED
RESTRICTION

 Y695VRM
VACUUM REGULATOR

1098-EGR
PRESSURE REDUCING REGULATOR

Figure 7.  Type Y695VRM used with Type 1098-EGR in a Vacuum Regulator Installation

Figure 6.  Type 133L

VACUUM BEING
REGULATED VACUUM SOURCE
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CONTROL PRESSURE (VACUUM)

OUTLET PRESSURE (VACUUM)

ATMOSPHERIC PRESSURE

CONTROL PRESSURE (VACUUM)

LOADING PRESSURE

ATMOSPHERIC PRESSURE

OUTLET PRESSURE (VACUUM)
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ATMOSPHERIC PRESSURE

1098-EGR
PRESSURE REDUCING REGULATOR

FIXED
RESTRICTION

Y690VB
VACUUM BREAKER

VACUUM TANK

Figure 9.  Type Y690VB used with Type 1098-EGR in a Vacuum Breaker Installation.  If the positive pressure exceeds the
Type 1098-EGR casing rating, then a Type 67AF with a Type H800 relief valve should be added.

VACUUM TANK
ATMOSPHERIC
INLET ONLY

Figure 8.  Type 1805

������!��"���������������&�����

INLET PRESSURE

CONTROL PRESSURE (VACUUM)

INLET PRESSURE

LOADING PRESSURE

ATMOSPHERIC PRESSURE

CONTROL PRESSURE (VACUUM)

VACUUM BEING LIMITED
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VACUUM TANK

ATMOSPHERIC
INLET ONLY

PITOT TUBE SERVES TO REGISTER
VACUUM ON TOP OF DIAPHRAGM
(NO CONTROL LINE NEEDED)

TYPE 66R

VACUUM TANKATMOSPHERIC INLET
PRESSURE

Figure 10.  Type 289H Relief Valve used in a Vacuum Breaker Installation

If inlet is positive pressure:

• Select balancing diaphragm and tapped lower
casing construction.

• Leave lower casing open to atmospheric pressure.

Figure 11.  Type 66R Relief Valve used in a Vacuum Breaker Installation

Figure 12.  Type 66RR Relief Valve used in a Vacuum Breaker Installation

VACUUM
TANK

MAIN
VALVE
PLUG

TYPE 66RRATMOSPHERIC PRESSURE
LOADING PRESSURE
OUTLET (CONTROLLED) PRESSURE

MAIN VALVE
DIAPHRAGM

PILOT VALVE DISK

FIXED RESTRICTION
PILOT
CONTROL
SPRING
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When applications arise where the gas blanketing requirements are in
vacuum, a combination of a vacuum breaker and a regulator may be
used.  For example, in low inches of water column vacuum, a Type
Y690VB vacuum breaker and a Type 66-112 vacuum regulator can be
used for very precise control.

Vacuum blanketing is useful if you suspect vessel leakage to atmosphere
and the material inside the vessel is harmful to the surrounding employ-
ees or environment.  If leakage were to occur, only outside air would
enter the vessel because of the pressure differential in the tank.
Therefore, any process vapors in the tank would be contained.

$��������$�$��'��(���������� ����������!��"���

• Precision Control of Low Pressure Settings—Large diaphragm
areas provide more accurate control at low pressure settings.
Some of these regulators are used as pilots on our Tank Blanketing
and Vapor Recovery Regulators.  Therefore, they are designed to
be highly accurate, usually within 1-inch water column.

• Corrosion Resistance—Constructions are available in a variety of
materials for compatibility with corrosive process gases.  Wide
selection of elastomers compatible with flowing media.

• Rugged Construction—Diaphragm case and internal parts are
designed to withstand vibration and shock.

• Wide Product Offering—Fisher Controls can offer either direct-
operated or pilot-operated regulators.

• Fisher Advantage—Widest range of products and a proven
history in the design and manufacture of process control equip-
ment.  A Sales Channel that offers local stock and support.

• Spare Parts—Low cost parts that are interchangeable with other
Fisher Regulators in your plant.

• Easy Sizing and Selection—Most applications can be sized
utilizing the Fisher Sizing Program and sizing coefficients.

Figure 13.  Example of Gas Blanketing in Vacuum

20-30 PSIG (1,4-2,1 BAR)
NITROGEN OR OTHER GAS

VACUUM BREAKER TYPE
Y690VB SET TO OPEN AT
-2-INCHES W.C. (-5 mBAR)

TO EXHAUST HEADER
-9-INCHES W.C. (-22 mBAR)

VACUUM REGULATOR
TYPE 66-112 SET TO OPEN
AT -1-INCH W.C. (-2 mBAR)

CONTROL LINES

TANK — 1-INCH W.C. (2 mBAR)
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Freezing has been a problem since the birth of the gas industry.  This
problem will likely continue, but there are ways to minimize the
effects of the phenomenon.

There are two areas of freezing.  The first is the formation of ice from
water travelling within the gas stream.  Ice will form when tempera-
tures drop below 32°F (0°C).

The second is hydrate formation.  Hydrate is a frozen mixture of water
and hydrocarbons.  This bonding of water around the hydrocarbon
molecule forms a compound which can freeze above 32°F (0°C).
Hydrates can be found in pipelines that are saturated with water
vapor.  It is also common to have hydrate formation in natural gas of
high BTU content.  Hydrate formation is dependent upon operating
conditions and gas composition.
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To minimize problems, we have several options.

1. Keep the fluid temperature above the freezing point by
applying heat.

2. Feed an antifreeze solution into the flow stream.

3. Select equipment that is designed to be ice-free in the regions
where there are moving parts.

4. Design systems that minimize freezing effects.

5. Remove the water from the flow stream.

������������

Obviously, warm water does not freeze.  What we have to know is
when heat is needed, then apply the heat.

Gas temperature is reduced whenever pressure is reduced.  This
temperature drop is about 1°F (1°C) for each 15 psi (2 bar) pressure
drop.  Potential problems can be identified by calculating the tempera-
ture drop and subtracting from the initial temperature.  Usually ground
temperature, about 50°F (10°C) is the initial temperature.  If a
pressure reducing station dropped the pressure from 400 to 250 psi
(27 to 17 bar) and the initial temperature is 50°F (10°C), the final
temperature would be 40°F (5°C).

50°F - (400-250 psi) (1°F/15 psi) = 40°F

(10°C - (27 - 17 bar) (1°C/2 bar) = 5°C)

 In this case, a freezing problem is not expected.  However, if the final
pressure was 25 psi (3 bar) instead of 250 psi (27 bar), the final
temperature would be 25°F (-2°C).  We should expect freezing in this
example if there is any moisture in the gas stream.

We can heat the entire gas stream with line heaters where the situation
warrants.  However, this does involve some large equipment and
considerable fuel requirements.

Many different types of large heaters are on the market today.  Some
involve boilers that heat a water/glycol solution which is circulated
through a heat exchanger in the main gas line.  Two important consider-
ations are:  (1) fuel efficiencies, and (2) noise generation.

In many cases, it is more practical to build a box around the pressure
reducing regulator and install a small catalytic heater to warm the
regulator.  When pilot-operated regulators are used, we may find that
the ice passes through the regulator without difficulty but plugs the
small ports in the pilot.  A small heater can be used to heat the pilot
supply gas or the pilot itself.  A word of caution is appropriate.
When a heater remains in use when it is not needed, it can overheat the
rubber parts of the regulator.  They are usually designed for 180°F
(82°C) maximum.  Using an automatic temperature control thermostat
can prevent overheating.
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An antifreeze solution can be introduced into the flow stream where it
will combine with the water.  The mixture can pass through the
pressure reducing station without freezing.  The antifreeze is dripped
into the pipeline from a pressurized reservoir through a needle valve.
This system is quite effective if one remembers to replenish the
reservoir.  There is a system that allows the antifreeze to enter the
pipeline only when needed.  We can install a small pressure regulator
between the reservoir and the pipeline with the control line of the
small regulator connected downstream of the pressure reducing
regulator in the pipeline.  The small regulator is set at a lower pressure
than the regulator in the pipeline.  When the controlled pressure is
normal, the small regulator remains closed and conserves the antifreeze.
When ice begins to block the regulator in the pipeline, downstream
pressure will fall below the setpoint of the small regulator which
causes it to open, admitting antifreeze into the pipeline as it is needed.
When the ice is removed, the downstream pressure returns to normal
and the small regulator closes until ice begins to re-form.  This system
is quite reliable as long as the supply of the antifreeze solution is
maintained.  It is usually used at low volume pressure reducing
stations.
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We can select equipment that is somewhat tolerant of freezing if we
know how ice forms in a pressure reducing regulator.  Since the
pressure drop occurs at the orifice, this is the spot where we might
expect the ice formation.  However, this is not necessarily the case.
Metal regulator bodies are good heat conductors. As a result, the body,
not just the port, is cooled by the pressure drop.  The moisture in the
incoming gas strikes the cooled surface as it enters the body and
freezes to the body wall before it reaches the orifice.  If the valve plug
is located upstream of the orifice, there is a good chance that it will
become trapped in the ice and remain in the last position.  This ice
often contains worm holes which allow gas to continue to flow.  In this
case, the regulator will be unable to control downstream pressure when
the flow requirement changes.  If the valve plug is located downstream
of the port, it is operating in an area that is frequently ice-free.  It must
be recognized that any regulator can be disabled by ice if there is
sufficient moisture in the flow stream.

�'���%������

We can arrange station piping to reduce freezing if we know when to
expect freezing.  Many have noted that there are few reported
instances of freezing when the weather is very cold (0°F (-18°C)).
They have observed that most freezing occurs when the atmospheric
temperature is between 35° and 45°F (2° and 7°C).  When the
atmospheric temperature is quite low, the moisture within the gas
stream freezes to the pipe wall before it reaches the pressure reducing
valve which leaves only dry gas to pass through the valve.  We can
take advantage of this concept by increasing the amount of piping that
is exposed above ground upstream of the pressure reducing valve.
This will assure ample opportunity for the moisture to contact the
pipe wall and freeze to the wall.

When the atmospheric temperature rises enough to melt the ice from
the pipe wall, it is found that the operating conditions are not
favorable to ice formation in the pressure reducing valve.  There may
be sufficient solar heat gain to warm the regulator body or lower flow
rates which reduces the refrigeration effect of the pressure drop.

Parallel pressure reducing valves make a practical antifreeze system for
low flow stations such as farm taps.  The two parallel regulators are
set at slightly different pressures (maybe one at 50 psi (3 bar) and one
at 60 psi (4 bar)).  The flow will automatically go through the regulator
with the higher setpoint.  When this regulator freezes closed, the
pressure will drop and the second regulator will open and carry the
load.  Since most freezing instances occur when the atmospheric
temperature is between 35° and 45°F (2° and 7°C), we expect the ice

in the first regulator to begin thawing as soon as the flow stops.  When
the ice melts from the first regulator, it will resume flowing gas.  These
two regulators will continue to alternate between flowing and freezing
until the atmospheric temperature decreases or increases, which will
get the equipment out of the ice formation temperature range.

(�������% )�!

Removing the moisture from the flow stream solves the problem of
freezing.  However, this can be a difficult task.  Where moisture is a
significant problem, it may be beneficial to use a method of dehydra-
tion.  Dehydration is a process that removes the water from the gas
stream.  Effective dehydration removes enough water to prevent
reaching the dew point at the lowest temperature and highest pressure.

Two common methods of dehydration involve glycol absorption and
desiccants.  The glycol absorption process requires the gas stream to
pass through glycol inside a contactor.  Water vapor is absorbed by the
glycol which in turn is passed through a regenerator that removes the
water by distillation.  The glycol is reused after being stripped of the
water.  The glycol system is continuous and fairly low in cost.  It is
important, however,  that glycol is not pushed downstream with the
dried gas.

The second method, solid absorption or desiccant, has the ability to
produce much drier gas than glycol absorption.  The solid process has
the gas stream passing through a tower filled with desiccant.  The
water vapor clings to the desiccant, until it reaches saturation.
Regeneration of the desiccant is done by passing hot gas through the
tower to dry the absorption medium.  After cooling, the system is
ready to perform again.  This is more of a batch process and will
require two or more towers to keep a continuous flow of dry gas.  The
desiccant system is more expensive to install and operate than the
glycol units.

Most pipeline gas does not have water content high enough to require
these measures.  Sometimes a desiccant dryer installed in the pilot gas
supply lines of a pilot-operated regulator is quite effective.  This is
primarily true where water is present on an occasional basis.

������*

It is ideal to design a pressure reducing station that will never freeze,
but anyone who has spent time working on this problem will acknowl-
edge that no system is foolproof.  We can design systems that
minimize the freezing potential by being aware of the conditions that
favor freezing.



Technical

 K - 62

��������	�
����������	
�	�����
����	���	������

KK

������������

This section explains the uses and compatibilities of elastomers
commonly used by Fisher.  The following tables provide the compat-
ibility of the most common elastomers and metals to a variety of
chemicals and/or compounds.

���������� 		�!������	�����	���	����

�"� - Nitrile Rubber, also called Buna-N, is a copolymer of butadiene
and acrylonitrile.  Nitrile is recommended for: general purpose sealing,
petroleum oils and fluids, water, silicone greases and oils, di-ester
based lubricants (such as MIL-L-7808), and ethylene glycol based
fluids (Hydrolubes).  It is not recommended for: halogenated hydrocar-
bons, nitro hydrocarbons (such as nitrobenzene and aniline), phos-
phate ester hydraulic fluids (Skydrol, Cellulube, Pydraul), ketones
(MEK, acetone), strong acids, ozone, and automotive brake fluid.  Its
temperature range is - 60° to +225°F (-51° to +107°C), although this
would involve more than one compound.

�#��$	�#� - Ethylenepropylene rubber is an elastomer prepared from
ethylene and propylene monomers.  EPM is a copolymer of ethylene and
propylene, while EPDM contains a small amount of a third monomer
(a diene) to aid in the curing process.  EP is recommended for:
phosphate ester based hydraulic fluids, steam to 400°F (204°C),
water, silicone oils and greases, dilute acids, dilute alkalis, ketones,
alcohols, and automotive brake fluids.  It is not recommended for:
petroleum oils, and di-ester based lubricants.  Its temperature range is -
60° to +500°F (-51° to +260°C) (The high limit would make use of a
special high temperature formulation developed for geothermal
applications).

%&� - This is a fluoroelastomer of the polymethylene type having
substituent fluoro and perfluoroalkyl or perfluoroalkoxy groups on the
polymer chain.  Viton and Fluorel are the most common trade names.
FKM is recommended for: petroleum oils, di-ester based lubricants,
silicate ester based lubricants (such as MLO 8200, MLO 8515, OS-
45), silicone fluids and greases, halogenated hydrocarbons, selected
phosphate ester fluids, and some acids.  It is not recommended for:
ketones, Skydrol 500, amines (UDMH), anhydrous ammonia, low
molecular weight esters and ethers, and hot hydrofluoric and
chlorosulfonic acids.  Its temperature range is -20° to +450°F (-29° to
+232°C) (Limited use at each end of the temperature range).

�� - This is chloroprene, commonly know as neoprene, which is a
homopolymer of chloroprene (chlorobutadiene).  CR is recommended
for: refrigerants (Freons, ammonia), high aniline point petroleum oils,
mild acids, and silicate ester fluids.  It is not recommended for:
phosphate ester fluids and ketones.  Its temperature range is -60° to
+200°F (-51° to +93°C), although this would involve more than one
compound.

�� - This is natural rubber which is a natural polyisoprene, primarily
from the tree, Hevea Brasiliensis.  The synthetics have all but
completely replaced natural rubber for seal use.  NR is recommended
for automotive brake fluid, and it is not recommended for petroleum
products.  Its temperature range is -80° to +180°F (-62° to +82°C).

%'� - This is a copolymer of tetrafluoroethylene and propylene;
hence, it is sometimes called TFE/P rubber.  Common trade names are
Aflas (3M Co.) and Fluoraz (Greene, Tweed & Co.).  It is generally
used where resistance to both hydrocarbons and hot water are
required.  Its temperature range is +20° to +400°F (-7° to +204°C).

��� - This is commonly called Hydrin rubber, although that is a trade
name for a series of rubber materials by B.F. Goodrich.  CO is the
designation for the homopolymer of epichlorohydrin, ECO is the
designation for a copolymer of ethylene oxide and chloromethyl
oxirane (epichlorohydrin copolymer), and ETER is the designation for
the terpolymer of epichlorohydrin, ethylene oxide, and an unsaturated
monomer.  All the epichlorohydrin rubbers exhibit better heat
resistance than nitrile rubbers, but corrosion with aluminum may limit
applications.  Typical operating temperature ranges are -20° to +325°F
(-29° to +163°C) for the CO and -55° to +300°F (-48° to +149°C) for
the ECO and ETER elastomers.

%%&� - This is a perfluoroelastomer generally better known as Kalrez
(DuPont) and Chemraz (Greene, Tweed).  Perfluoro rubbers of the
polymethylene type have all substituent groups on the polymer chain
of fluoro, perfluoroalkyl, or perfluoroalkoxy groups.  The resulting
polymer has superior chemical resistance and heat temperature
resistance.  This elastomer is extremely expensive and should be used
only when all else fails.  Its temperature range is 0° to +500°F (-18° to
+260°C).  Some materials, such as Kalrez 4079 can be used to 600°F
(316°C).

%(�) - This is fluorosilicone rubber which is an elastomer that should
be used for static seals because it has poor mechanical properties.  It
has good low and high temperature resistance and is reasonably
resistant to oils and fuels because of its fluorination.  Because of the
cost, it only finds specialty use.  Its temperature range is -80° to
+350°F (-62° to +177°C).

(�) - This is the most general term for silicone rubber.  Silicone rubber
can be designated MQ, PMQ, and PVMQ, where the Q designates any
rubber with silicon and oxygen in the polymer chain, and M, P, and V
represent methyl, phenyl, and vinyl substituent groups on the
polymer chain.  This elastomer is used only for static seals due to its
poor mechanical properties.  Its temperature range is -65° to +450°F
(-54° to +232°C).
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The NACE Standard MR0175, “Sulfide Stress Corrosion Cracking
Resistant Metallic Materials for Oil Field Equipment” is widely used
throughout the world.  The standard specifies the proper materials,
heat treat conditions and strength levels required to provide good
service life in sour gas and oil environments.  NACE (National Associa-
tion of Corrosion Engineers) is a worldwide technical organization
which studies various aspects of corrosion and the damage that may
result in refineries, chemical plants, water systems, and other industrial
systems.

!��	"
#

MR0175 was first issued in 1975, but the origin of the document dates
to 1959 when a group of engineers in Western Canada pooled their
experience in successful handling of sour gas.  The group organized as
NACE committee T-1B and in 1963 issued specification 1B163,
“Recommendations of Materials for Sour Service.”  In 1965, NACE
organized the nationwide committee T-1F-1 which issued 1F166 in 1966
and MR0175 in 1975.  The specification is revised on an annual basis.

NACE committee T-1F-1 continues to have responsibility for
MR0175.  All revisions and additions must be unanimously approved
by the 500-plus member committee T-1, Corrosion Control in
Petroleum Production.  MR0175 is intended to apply only to oil field
equipment, flow line equipment, and oil field processing facilities where
H2S is present.  Only sulfide stress cracking (SSC) is addressed.  Users
are advised that other forms of failure mechanisms must be considered
in all cases.  Failure modes, such as severe general corrosion, chloride
stress corrosion cracking, hydrogen blistering or step-wise cracking are
outside the scope of the document.  Users must carefully consider the
process conditions when selecting materials.

While the standard is intended to be used only for oil field equipment,
industry has taken MR0175 and applied it to many other areas
including refineries, LNG plants, pipelines, and natural gas systems.
The judicious use of the document in these applications is constructive
and can help prevent SSC failures wherever H2S is present.

��$��
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The various sections of MR0175 cover the commonly available forms of
materials and alloy systems.  The requirements for heat treatment,
hardness levels, conditions of mechanical work, and post-weld heat
treatment are addressed for each form of material.  Fabrication
techniques, bolting, platings, and coatings are also addressed.

Figure 1.  Sour Gas Systems

Figure 2.  Sour Multiphase Systems
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Figures 1 and 2 taken from MR0175 define the sour systems where
SSC may occur.  Low concentrations of H2S at low pressures are
considered outside the scope of the document.  The low stress levels at
low pressures or the inhibitive effects of oil may give satisfactory
performance with standard commercial equipment.  Many users,
however, have elected to take a conservative approach and specify
NACE compliance any time a measurable amount of H2S is present.
The decision to follow MR0175 must be made by the user based on
economic impact, the safety aspects should a failure occur, and past field
experience.  Legislation can impact the decision as well.  MR0175 must
now be followed by law for sour applications under several jurisdictions;
Texas (Railroad Commission), off-shore (under U.S. Minerals
Management Service), and Alberta, Canada (Energy Conservation
Board).

�!��&�������'�� ('���������������)��*

SSC develops in aqueous solutions as corrosion forms on a material.
Hydrogen ions are a product of many corrosion processes (Figure 3).
These ions pick up electrons from the base material producing
hydrogen atoms.  At that point, two hydrogen atoms may combine to
form a hydrogen molecule.  Most molecules will eventually collect,
form hydrogen bubbles, and float away harmlessly.  Some percentage
of the hydrogen atoms will diffuse into the base metal and embrittle
the crystalline structure.  When the concentration of hydrogen
becomes critical and the tensile stress exceeds the threshold level, SSC
occurs.  H2S does not actively participate in the SSC reaction; sulfides
promote the entry of the hydrogen atoms into the base material.

In many instances, particularly among carbon and low alloy steels, the
cracking will initiate and propagate along the grain boundaries.  This is
called intergranular stress cracking.  In other alloy systems or under
specific conditions, the cracking will propagate through the grains.
This is called transgranular stress corrosion cracking.

Sulfide stress cracking is most severe at ambient temperature, 20° to
120°F (-7° to 49°C).  Below 20°F (-7°C) the diffusion rate of the
hydrogen is so slow that the critical concentration is never reached.
Above 120°F (49°C) the diffusion rate is so fast that the hydrogen
passes through the material in such a rapid manner that the critical
concentration is not reached.  The occurrence of stress corrosion
cracking above 120°F (49°C) is still likely and must be carefully
considered when selecting material.  In most cases, the stress corrosion
cracking will not be SSC but some other form.  Chloride stress
corrosion cracking is likely in deep sour wells as most exceed 300°F
(149°C) and contain significant chloride levels.

Figure 3.  Schematic showing the generation on entry of hydrogen
producing sulfide stress cracking

Figure 4.  Effect of hardness on time to failure of AISI 4140 steel bolts
in H2S + water at 104°F (40°C) and 250 psi (17,2 bar)
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The susceptibility of a material to SSC is directly related to its
strength or hardness level.  This is true for carbon steels, stainless
steels, and nickel based alloys.  When carbon or alloy steel is heat
treated to progressively higher hardness levels, the time to failure
decreases rapidly for a given stress level (Figure 4).  Years of field
experience have shown that good SSC resistance is obtained below 22
HRC for the carbon and low alloy steels.  SSC can still occur below 22
HRC, but the likelihood of failure is greatly reduced.
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Carbon and low alloy steels have acceptable resistance to SSC
provided their processing is carefully monitored.  The hardness must
be less than 22 HRC.  If welding or significant cold working is done,
stress relief is required.  Even though the base metal hardness of a
carbon or alloy steel is less than 22 HRC, areas of the heat effected
zone will be harder.  Post-weld heat treatment will eliminate these
excessively hard areas.

ASME SA216 grades WCB and WCC are the most commonly used
body casting materials.  It is Fisher’s policy to stress relieve all WCB
and WCC castings to MR0175 whether they have been welded or not.
This eliminates the chance of a weld repair going undetected and not
being stress-relieved.

ASME SA352 grades LCB and LCC are very similar to WCB and
WCC.  They are impact tested at -50°F (-46°C) to ensure good
toughness in low temperature service.  LCB and LCC are used in the
northern U.S., Alaska, and Canada where temperatures commonly drop
below the -20°F (-32°C) permitted for WCB.  All LCB and LCC
castings to MR0175 are also stress-relieved.

��	� �
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Gray, austenitic, and white cast irons cannot be used for any pressure
retaining parts, due to low ductility.  Ferritic ductile iron to ASTM A395
is acceptable when permitted by ANSI, API, or industry standards.

�	��������	���

UNS S41000 stainless steel (410 stainless steel) and other martensitic
grades must be double tempered to a maximum allowable hardness level
of 25 HRC.  Post-weld heat treatment is also required.  S41600
stainless steel is similar to S41000 with the exception of a sulfur
addition to produce free machining characteristics.  Use of free
machining steels is not permitted by MR0175.

CA6NM is a modified version of the cast S41000 stainless steel.
MR0175 allows its use, but specifies the exact heat treatment required.
Generally, the carbon content must be restricted to 0.3 percent
maximum to meet the 23 HRC maximum hardness.  Post-weld heat
treatment is required for CA6NM.

The austenitic stainless steels have exceptional resistance to SSC in the
annealed condition.  The standard specifies that these materials must be
22 HRC maximum and free of cold work to prevent SSC.  The cast and
wrought equivalents of 302, 304, 304L, 305, 308, 309, 310, 316, 316L,
317, 321, and 347 are all acceptable per MR0175.

Post-weld heat treatment of the 300 Series stainless steels is not
required.   The corrosion resistance may be effected by welding.
However, this can be controlled by using the low carbon grades, or low
heat input levels and low interpass temperatures.

Wrought S17400 (17-4PH) stainless steel is allowed, but must be
carefully processed to prevent SSC.  The standard now gives two
different acceptable heat treatments for S17400.  One treatment is the
double H1150 heat treatment which requires exposing the material at
1150°F (621°C) for four hours followed by air cooling and then exposing
for another four hours at 1150°F (621°C).  A maximum hardness level of
33 HRC is specified.  The second heat treatment is the H1150M
treatment.  First, the material is exposed for two hours at 1400°F
(760°C), then air cooled and exposed for four hours at 1150°F
(621°C).  The maximum hardness level is the same for this condition.

CB7Cu-1 (Cast 17-4PH) is not approved per MR0175.  However,
many users have successfully applied it for trim parts in past years in
the same double heat treated conditions as the wrought form.

Two high strength stainless steel grades are acceptable for MR0175.
The first is S66286 (grade 660 or A286) which is a precipitation
hardening alloy with excellent resistance to SSC and general corrosion.
The maximum hardness level permitted is 35 HRC.

The second material is S20910 (XM-19) which is commonly called
Nitronic 50R.  This high strength stainless steel has excellent resistance
to SSC and corrosion resistance superior to S31600 or S31700.  The
maximum allowable hardness is 35 HRC.  The “high strength”
condition, which approaches 35 HRC, can only be produced by hot
working methods.  Cold drawn S20910 is also acceptable for shafts,
stems, and pins.  It is our experience that the SSC resistance of S20910
is far superior to S17400 or other austenitic stainless steels at similar
hardness levels.  The only other materials with similar stress cracking
resistance at these strength levels are the nickel-based alloys which are,
of course, much more expensive.
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A few duplex stainless steels are now acceptable per MR0175.
Wrought S31803 (2205) and S32550 (Ferralium 255) are acceptable to
28 HRC.  Wrought S32404 (Uranus 50) is acceptable to 20 HRC.
Only one cast duplex stainless steel is acceptable, alloy Z
6CNDU20.08M, NF A 320-55 French National Standard.

�"���
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The final category in MR0175 is the nonferrous materials section.  In
general, the nickel-based alloys are acceptable to a maximum hardness
level of 35 HRC.  All have excellent resistance to SSC.  Commonly used
acceptable materials include nickel-copper alloys N04400 (alloy 400)
and N04405 (alloy 405) and the precipitation hardening alloy N05500
(K500).  The nickel-iron-chromium alloys include alloys N06600 (alloy
600) and N07750 (alloy X750).  The acceptable nickel-chromium-
molybdenum alloys include alloys N06625 (alloy 625), and N10276
(alloy C276).  The precipitation hardening grade N07718 (alloy 718) is
also acceptable to 40 HRC.  Where high strength levels are required along
with good machinability, Fisher uses N05500, N07718, N07750, or
N09925 (alloy 925).  They can be drilled or turned, then age hardened.
Several cobalt based materials are acceptable, including R30035 (alloy
MP35N), R30003 (Elgiloy), and R30605 (Haynes 25 or L605).

Aluminum based and copper alloys may be used for sour service, but
the user is cautioned that severe corrosion attack may occur on these
materials.  They are seldom used in direct contact with H2S.

Several wrought titanium grades are now included in MR0175.  The
only common industrial alloy is R50400 (grade 2).

�,���*�

Springs in compliance with NACE represent a difficult problem.  To
function properly, springs must have very high strength (hardness)
levels.  Normal steel and stainless steel springs would be very
susceptible to SSC and fail to meet MR0175.

In general, very soft, low strength materials must be used.  Of course,
these materials produce poor springs.  The two exceptions allowed are
the cobalt based alloys, such as R30003, which may be cold worked
and hardened to a maximum hardness of 60 HRC and alloy N07750
which is permitted to 50 HRC.
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Coatings, platings, and overlays may be used provided the base metal
is in a condition which is acceptable per MR0175.  The coatings may

not be used to protect a base material which is susceptible to SSC.
Coatings commonly used in sour service are chromium plating,
electroless nickel (ENC) and ion nitriding.  Overlays and castings
commonly used include CoCr-A (StelliteR or alloy 6), R30006 (alloy
6B), and NiCr-C (ColmonoyR 6) nickel-chromium-boron alloys.
Tungsten carbide alloys are acceptable in the cast, cemented, or
thermally sprayed conditions.  Ceramic coatings such as plasma
sprayed chromium oxide are also acceptable.

ENC is often used by Fisher as a wear-resistant coating.  As required
by MR0175, it is applied only to acceptable base metals.  ENC has
excellent corrosion resistance in sour, salt containing environments.

���������(��-��*

Many people have the misunderstanding that stress relieving following
machining is required by MR0175.  Provided good machining practices
are followed using sharp tools and proper lubrication, the amount of
cold work produced is negligible.  SSC resistance will not be affected.
MR0175 actually permits the cold rolling of threads, provided the
component will meet the heat treat conditions and hardness require-
ments specified for the given parent material.  Cold deformation
processes such as burnishing are also acceptable.
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Bolting materials must meet the requirements of MR0175 when bolting is
directly exposed to a sour environment.  Standard ASTM A193 grade
B7 bolts or A194 grade 2H nuts can be used per MR0175 provided they
are outside of the sour environment.  If the bolting will be deprived
atmospheric contact by burial, insulation, or flange protectors, then
grades of bolting such as B7 and 2H are unacceptable.  The most
commonly used fasteners for “exposed” applications are ASTM A193
grade B7M bolts and A194 grade 2M nuts.  They are tempered and
hardness tested versions of the B7 and 2H grades.  HRC 22 is the
maximum allowable hardness.

Many customers use only B7M bolting for bonnet, packing box, and
flange joints.  This reduces the likelihood of SSC if a leak develops and
goes undetected or unrepaired for an extended time.  It must be
remembered, however, that use of lower strength bolting materials such
as B7M often requires pressure vessel derating.

���,���������������(�

MR0175 does not address elastomer and polymer materials.  However,
the importance of these materials in critical sealing functions cannot be
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overlooked.  User experience has been successful with elastomers such
as nitrile, neoprene, fluoroelastomer (FKM), and perfluoroelastomer
(FFKM).  In general, fluoropolymers such as teflon (TFE) can be
applied without reservation within their normal temperature range.

�������������������

Applicable ASTM, ANSI, ASME, and API standards are used along
with MR0175 as they would normally be used for other applications.
The MR0175 requires that all weld procedures be qualified to these
same standards.  Welders must be familiar with the procedures and
capable of making welds which comply.
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Special documentation of materials to MR0175 is not required by the
standard and NACE itself does not issue any type of a certification.  It
is the producer’s responsibility to properly monitor the materials and
processes as required by MR0175.

It is not uncommon for manufacturers to “upgrade” standard
manufactured components to MR0175 by hardness testing.  This
produces a product which complies with MR0175, but which may
not provide the best solution for the long-term.  If the construction
was not thoroughly recorded at the outset, it may be difficult to get
replacement parts in the proper materials.  The testing necessary to
establish that each part complies is quite expensive.  And, due to the
“local” nature of a hardness test, there is also some risk that
“upgraded” parts do not fully comply.

With proper in-house systems, it is quite simple to confidently
produce a construction which can be certified to MR0175 without
the necessity of after manufacture testing.  This eliminates many
costly extras and additionally provides a complete record of the
construction for future parts procurement.  An order entry, procure-
ment, and manufacturing system which is integrated and highly
structured is required in order to confidently and automatically
provide equipment which complies.

Due to its hierarchical nature and its use by all company functions, the
Fisher system is ideal for items such as MR0175 which requires a
moderate degree of control without undue cost.  In order to illustrate
the system used by Fisher, an example will be used.

Most products produced by Fisher (including products to MR0175)
will be specified by a Fisher Standard (FS) number.  These numbers
(e.g. FSED-542) completely specify a standardized construction
including size, materials, and other characteristics.  The FS number is

a short notation which represents a series of part groups (modules)
describing the construction.  One module may represent a 3-inch
WCB valve body with ANSI Class 300 flanges, another may specify
a certain valve plug and seat ring.  The part numbers which make up
these modules are composed of a drawing number and a material/
finish identifier.  The drawing describes the dimensions and methods
used to make the part, while the material/finish reference considers
material chemistry, form, heat treatment, and a variety of other
variables.  The part number definition also includes a very specific
“material reference number” which is used to identify a material
specification for purchase of materials.  The material specification
includes the ASME designation as well as additional qualifiers, as
necessary, to ensure compliance with specifications such as NACE
MR0175.

For NACE compliant products, an FS number and a NACE option
are generally specified.  The FS number establishes the standard
construction variation.  The option modifies the construction and
materials to comply totally with MR0175 requirements.  The
option eliminates certain standard modules and replaces them with
NACE suitable modules.  Each part in a NACE suitable module has
been checked to assure that it complies to the specification in form
and manufacturing method and that it is produced from an appro-
priate material.

It is due to this top-to-bottom system integrity that Fisher can be
confident of MR0175 compliance without the need for extensive test
work.  At each level of the system documentation, there are specific
references to and requirements for compliance to MR0175.  Further,
since the construction is permanently documented at all levels of
detail, it is possible to confidently and simply procure replacement parts
at any future date.

Test documentation is available in a variety of forms, including
certificates of compliance, hardness test data, chemical and physical
test reports, and heat treat reports.  Since these items will have some
cost associated with them, it is important to examine the need for
documentation in light of the vendor’s credibility and manufacturing
control systems.  Fisher’s normal manufacturing processes and
procedures assure that all NACE specified products will comply
without the need for additional test expense.

Fisher has been producing equipment for a variety of sour conditions
and specifications since the mid-1950’s and has thousands of devices
in service.  MR0175 has been shown to be an excellent technical
reference for solving the complex application problems found in the
handling of sour fluids.  As more sour hydrocarbons are produced, it
grows in importance and applicability.
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In some areas of the world, regulators periodically operate in tempera-
tures below -20°F (-29°C).  These cold temperatures require special
construction materials to prevent regulator failure.  Fisher offers
regulator constructions that are RATED for use in service tempera-
tures below -20°F (-29°C).

������������������

When selecting a regulator for extreme cold temperature service, the
following guidelines should be considered:

• The body material should be 300 Series stainless steel, LCC, or
LCB due to low carbon or zero carbon content in the material
makeup.

• Give attention to the casting bolts used. Generally, special
stainless steel bolting is required.

• Gaskets and O-rings may need to be addressed if providing a
seal between two parts exposed to the cold.

• Special springs may be required in order to prevent fracture
when exposed to extreme cold.

• Soft parts in the regulator that are also being used as a seal
gasket between two metal parts (such as a diaphragm) may
need special consideration. Alternate diaphragm materials
should be used to prevent leakage caused by hardening and
stiffening of the standard materials.

������������������� �������������

The following Fisher regulators have constructions readily available
that are rated for use at temperatures below -20°F (-29°C):

• 1301 Series

• 627 Series

• Type 630

• 95 Series

• Type 1098-EGR

Please consult your Fisher Sales Representative for more information
on regulators for cold temperature applications.
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Powder coating is the most exciting finishing method to be introduced
in the past one hundred years. Powder coating offers significant
performance advantages, an excellent solution to meeting current
environmental regulations, a good balance of mechanical properties,
and excellent corrosion resistance.

�������������������

Powder coating systems save energy and virtually eliminate air and
water pollution because they are solvent-free. The need for air make-
up and the high cost of heating is reduced, resulting in considerable
energy savings. Costly anti-pollution equipment and time and money
spent dealing with state and federal regulatory agencies is also reduced.
There is a major reduction in expensive and difficult disposal problems
because there is no liquid paint sludge to send to a hazardous waste
site. Because powder coatings do not require any flash-off time,
conveyor racks can be more closely spaced; more parts coated per
hour means a lower unit cost. In addition to the increased production
rate for a powder coating system, reject rates are much lower than in a
wet system.

������������������������

The Clean Air Act of 1970 [U.S. Law] propelled powder coating
processes to the forefront of the industry. By eliminating volatile
organic compounds (VOCs), air pollution was reduced. To many major

Figure 1.  ANSI 49 Gray Powder Paint with Aluminum
Oxide Coated Fasteners

Figure 2.  Inside and Outside Surfaces Coated for Corrosion
Protection Eliminating the need for Chromate Conversion

coating companies, The Clean Air Act signaled the end of solvent-based
processes. Prior to that, the fluidized bed coating process was well
established and though the electrostatic powder spray process had
started to gain acceptance, powder coating processes in general were
not widespread or commercially accepted. The powder coating method
received more media attention between 1971 and 1975 than at any other
time, before or after. Powder coating processes, especially electrostatic
powder spray processes, are now universally accepted and specified as
the Best Available Control Technology (BACT) to reduce air
pollution. While powder coatings have many process and performance
advantages over conventionally applied coatings, it is the ecological
advantages that advance their growth and acceptance. Consider:

Powder Coatings Contain No Solvents or VOCs

• No VOC emissions to the atmosphere.

• Compliance with most environmental regulations.

• Permits may not be required or are typically easier to obtain for
new booth installations.

• Administrative costs of inspections, permits, sample testing,
and record keeping are significantly reduced.

• Coating booth exhaust air is returned to the coating room.

• Less oven air is exhausted to the outside.

• Inherently safer and cleaner than solvent-based paint systems.

• No special transportation, storage, or handling techniques required.
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Figure 3.  Standard Liquid Paint Coating after ASTM B117
500 Hour Salt Spray Test

Figure 4.  Dry Powder Paint and Aluminum Oxide Coated Fasteners
after ASTM B117 500 Hour Salt Spray Test

Powder Coatings Reduce Waste and Present Few Hazards

• In most systems, powder coatings are collected and recycled.

• First pass transfer efficiency is high compared to conventional
liquid paint application.

• Almost all powder coatings are free of heavy metals.

• The Resources Conservation and Recovery Act (RCRA)
 regulations consider almost no powder coating a hazardous waste.

• In most states, disposal methods for waste powder are the same as
for non-hazardous industrial wastes.

���������������������

The general purpose powder coating formulations, now widely used,
have a long established reputation for providing an excellent balance of
mechanical properties including impact and abrasion resistance, and
hardness. Resources now available allow for an even broader range of
film properties than ever before. Extra hardness, greater chemical
resistance, improved exterior gloss retention, and superior flexibility,
though not necessarily in a single formulation, are all attainable. There
are very few film properties available from liquid paint finishes that
cannot be achieved with powder; however, some film properties easily
attainable with powder are difficult or impossible to achieve with
conventional wet paints.

��������������������

While proper metal pretreatment is important for optimum corrosion
resistance, a combination of pretreatment and powder coatings can

provide outstanding corrosion resistance. Powder has achieved a good
reputation due, in part, to its consistent delivery of high film builds and
good edge coverage. Also, powders provide high crosslink density, good
resistence to hydrolysis, low moisture and oxygen transmission rates,
and films free from trace residual solvents.

�����������������

Dry powder paint sucessfully passed the following ASTM specified
tests:

• Salt Spray Test (500 hours)
• Humidity Test (500 hours)
• QUV Test (500 hours)
• Test Fence (17 months)(test for gloss retention)
• Impact Test (140 inch pounds)
• Cold and High Temperature Test
• Adhesion Test
• Hardness Test
• Flexibility Test
• Chemical Resistance Tests:

- Gasoline (unleaded, 24 hour immersion test)
- Mineral Spirits (24 hour immersion test)
- Nitric Acid (10% solution spot test for blistering)
- Hydrochloric Acid (10% solution spot test for blistering)
- Sulfuric Acid (10% solution spot test for blistering)
- Sodium Hydroxide (10% solution spot test for blistering)
- Liquid Propane Soak Test
- Anhydrous Ammonia Reactivity Test
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1. All regulators should be installed and used in accordance with
federal, state, and local codes and regulations.

2. Adequate overpressure protection should be installed to
protect the regulator from overpressure.  Adequate
overpressure protection should also be installed to protect
all downstream equipment in the event of regulator failure.

3. Downstream pressures significantly higher than the
regulator's pressure setting may damage soft seats and
other internal parts.

4. If two or more available springs have published pressure
ranges that include the desired pressure setting, use the
spring with the lower range for better accuracy.

5. The recommended selection for orifice diameters is the
smallest orifice that will handle the flow.

6. Most regulators shown in this handbook are generally suitable
for temperatures to 180°F (82°C).  With high temperature
fluoroelastomers (if available), the regulators can be used for
temperatures to 300°F (149°C).  Check the temperature
capabilities to determine materials and temperature ranges
available.  Use stainless steel diaphragms and seats for higher
temperatures, such as steam service.

7. The full advertised range of a spring can be utilized without
sacrificing performance or spring life.

8. Regulator body size should never be larger than the pipe
size.  In many cases, the regulator body is one size smaller
than the pipe size.

9. Do not oversize regulators.  Pick the smallest orifice size or
regulator that will work.  Keep in mind when sizing a station
that most restricted trims that do not reduce the main port
size do not help with improved low flow control.

10. Speed of regulator response, in order:
•  Direct-operated
•  Two-path pilot-operated
•  Unloading pilot-operated
•  Control valve

Note: Although direct-operated regulators give the fastest
response, all types provide quick response.

11. When a regulator appears unable to pass the published flow
rate, be sure to check the inlet pressure measured at the
regulator body inlet connection.  Piping up to and away from
regulators can cause significant flowing pressure losses.

12. When adjusting setpoint, the regulator should be flowing at
least five percent of the normal operating flow.

13. Direct-operated regulators generally have faster response to
quick flow changes than pilot-operated regulators.

14. Droop is the reduction of outlet pressure experienced by
pressure-reducing regulators as the flow rate increases.  It is
stated as a percent, in inches of water column (mbar) or in
pounds per square inch (bar) and indicates the difference
between the outlet pressure setting made at low flow rates
and the actual outlet pressure at the published maximum flow
rate.  Droop is also called offset or proportional band.

15. Downstream pressure always changes to some extent when
inlet pressure changes.

16. Most soft-seated regulators will maintain the pressure within
reasonable limits down to zero flow.  Therefore, a regulator
sized for a high flow rate will usually have a turndown ratio
sufficient to handle pilot-light loads during off cycles.

17. Do not undersize the monitor set.  It is important to realize
that the monitor regulator, even though it is wide-open, will
require pressure drop for flow.  Using two identical regulators
in a monitor set will yield approximately 70 percent of the
capacity of a single regulator.
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18. Diaphragms leak a small amount due to migration of gas
through the diaphragm material.  To allow escape of this gas,
be sure casing vents (where provided) remain open.

19. Use control lines of equal or greater size than the control tap
on the regulator.  If a long control line is required, make it
bigger.  A rule of thumb is to use the next nominal pipe size
for every 20 feet (6,1 meters) of control line.  Small control
lines cause a delayed response of the regulator, leading to
increased chance of instability.  3/8-Inch OD tubing is the
minimum recommended control line size.

20. For every 15 psid (1,0 bar, differential) pressure differential
across the regulator, expect approximately a one degree drop
in gas temperature due to the natural refrigeration effect.
Freezing is often a problem when the ambient temperature is
between 30° and 45°F (-1° and 7°C).

21. A disk with a cookie cut appearance probably means you had
an overpressure situation.  Thus, investigate further.

22. When using relief valves, be sure to remember that the reseat
point is lower than the start-to-bubble point.  To avoid
seepage, keep the relief valve setpoint far enough above the
regulator setpoint.

23. Vents should be pointed down to help avoid the accumulation
of water condensation or other materials in the spring case.

24. Make control line connections in a straight run of pipe about
10 pipe diameters downstream of any area of turbulence, such
as elbows, pipe swages, or block valves.

25. When installing a working monitor station, get as much
volume between the two regulators as possible.  This will give
the upstream regulator more room to control intermediate
pressure.

26. Cutting the supply pressure to a pilot-operated regulator
reduces the regulator gain or sensitivity and, thus, may
improve regulator stability.  (This can only be used with two
path control.)

27. Regulators with high flows and large pressure drops generate
noise.  Noise can wear parts which can cause failure and/or
inaccurate control.  Keep regulator noise below 110 dBA.

28. Do not place control lines immediately downstream of rotary
or turbine meters.

29. Keep vents open.  Do not use small diameter, long vent lines.
Use the rule of thumb of the next nominal pipe size every 10
feet (6,1 meters) of vent line and 3 feet (0,91 meters) of vent
line for every elbow in the line.

30. Fixed factor measurement (or PFM) requires the regulator to
maintain outlet pressure within ±1% of absolute pressure.
For example:  Setpoint of 2 psig + 14.7 psia = 16.7 psia x
0.01 = ±0.167 psi.  (Setpoint of 0,14 bar + 1,01 bar = 1,15
bar x 0,01 = ±0,0115 bar.)

31. Regulating Cg (coefficient of flow) can only be used for
calculating flow capacities on pilot-operated regulators.  Use
capacity tables or flow charts for determining a direct-
operated regulator’s capacity.

32. Do not make the setpoints of the regulator/monitor too close
together.  The monitor can try to take over if the setpoints are
too close, causing instability and reduction of capacity.  Set
them at least one proportional band apart.

33. Consider a butt-weld end regulator where available to lower
costs and minimize flange leakages.

34. Do not use needle valves in control lines; use full-open valves.
Needle valves can cause instability.

35. Burying regulators is not recommended.  However, if you
must, the vent should be protected from ground moisture and
plugging.
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 *NOTE: To use this table, see the shaded example.  25 psig (20 from the left column plus five from the top row) = 1,724 bar
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52,21

87,61

36,3

61,8

07,21

42,71

80,4

26,8

51,31

96,71

04

05

06

07

41,81

86,22

22,72

57,13

06,81

31,32

76,72

12,23

50,91

95,32

21,82

66,23

05,91

40,42

85,82

11,33

69,91

94,42

30,92

75,33

14,02

59,42

84,92

20,43

78,02

04,52

49,92

74,43

23,12

68,52

93,03

39,43

77,12

13,62

48,03

83,53

32,22

67,62

03,13

38,53

08

09

92,63

28,04

47,63

82,14

02,73

37,14

56,73

81,24

01,83

46,24

65,83

90,34

10,93

55,34

64,93

00,44

29,93

54,44

73,04

19,44

smargolik6354,0=dnuop1
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stinUnoisrevnoC
YLPITLUM YB NIATBOOT

emuloV
retemitneccibuC 30160.0 sehcnicibuC

teefcibuC 5084.7 )SU(snollaG
teefcibuC 613.82 sretiL
teefcibuC 8271 sehcnicibuC

)SU(snollaG 7331.0 teefcibuC
)SU(snollaG 587.3 sretiL
)SU(snollaG 132 sehcnicibuC

sretiL 750.1 )SU(strauQ
sretiL 311.2 )SU(stniP

suoenallecsiM
UTB 252.0 seirolaC

mrehticeD 000,01 UTB
margoliK 502.2 sdnuoP

ruoHttawoliK 2143 UTB
secnuO 53.82 smarG
sdnuoP 6354.0 smargoliK
sdnuoP 4295.354 smarG
sdnuoP 195,12 UTBGPL

mrehT 000,001 UTB
slbBIPA 24 )SU(snollaG

enaporPfosnollaG 9.62 HWK
PH 647 HWK

)maetS(PH 814,24 UTB
erusserP

retemitnecerauqsrepsmarG 2410.0 hcnierauqsrepsdnuoP
yrucremfosehcnI 2194.0 hcnierauqsrepsdnuoP
yrucremfosehcnI 331.1 retawfoteeF

retawfosehcnI 1630.0 hcnierauqsrepsdnuoP
retawfosehcnI 5370.0 yrucremfosehcnI
retawfosehcnI 1875.0 hcnierauqsrepsecnuO
retawfosehcnI 402.5 toofrepsdnuoP

APK 001 RAB
retemitnecerauqsrepsmargoliK 22.41 hcnierauqsrepsdnuoP

retemerauqsrepsmargoliK 8402.0 tooferauqsrepsdnuoP
hcnierauqsrepsdnuoP 40860.0 serehpsomtA

hcnierauqsrepsdnuoP 13070.0
erauqsrepsmargoliK

retemitnec
hcnierauqsrepsdnuoP 541. APK
hcnierauqsrepsdnuoP 630.2 yrucremfosehcnI
hcnierauqsrepsdnuoP 703.2 retawfoteeF
hcnierauqsrepsdnuoP 5.41 RAB
hcnierauqsrepsdnuoP 76.72 retawfosehcnI

htgneL
sretemitneC 7393.0 sehcnI

teeF 8403.0 sreteM
teeF 84.03 sretemitneC
teeF 8.403 sretemilliM
sehcnI 045.2 sretemitneC
sehcnI 04.52 sretemilliM

retemoliK 4126.0 seliM
sreteM 490.1 sdraY
sreteM 182.3 teeF
sreteM 73.93 sehcnI

)lacituan(seliM 0.3581 sreteM
)etutats(seliM 0.9061 sreteM

sdraY 4419.0 sreteM
sdraY 44.19 sretemitneC

saGfosemuloVgnitrevnoC
MFCOTMFCROHFCOTHFC

:fowolFylpitluM yB :fowolFniatbOoT

riA

707.0 enatuB

092.1 saGlarutaN

808.0 enaporP

enatuB

414.1 riA

628.1 saGlarutaN

041.1 enaporP

saGlarutaN

577.0 riA

745.0 enatuB

526.0 enaporP

enaporP

732.1 riA

478.0 enatuB

895.1 saGlarutaN

snoisrevnoClufesUrehtO
MORFTREVNOCOT OT YBYLPITLUM

enahteMfoteeFcibuC .U.T.B ).xorppa(0001

retaWfoteeFcibuC retaWfosdnuoP 4.26

seergeD snaidaR 54710,0

snollaG retaWfosdnuoP 633.8

smarG secnuO 2530.0

).hcem(rewopesroH etuniMrepsdnuoPtooF 000,33

).cele(rewopesroH sttaW 647

gK sdnuoP 502.2

reteMcibuCrepgK teeFcibuCrepsdnuoP 34260.0

sttawoliK rewopesroH 143.1

sdnuoP gK 6354,0

riAfosdnuoP
)F°06&aisp7.41(

riAfoteeFcibuC 1.31

teeFcibuCrepsdnuoP reteMcibuCrepgK 4810,61

)saG(ruoHrepsdnuoP HFCS ytivarGcificepS÷1.31

)retaW(ruoHrepsdnuoP etuniMrepsnollaG 200.0

)saG(dnoceSrepsdnuoP HFCS ytivarGcificepS÷061,64

snaidaR seergeD 3.75

riAhfcS enaporPhfcS 18.0

riAhfcS enatuBhfcS 17.0

riAhfcS saGlarutaN6.0hfcS 92.1

hfcS .rHrepsreteM.uC 713820.0
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sretemilliMotsehcnIlanoitcarF

HCNI
0 61/1 8/1 61/3 4/1 61/5 8/3 61/7 2/1 61/9 8/5 61/11 4/3 61/31 8/7 61/51

mm

0
1
2
3

0,0
4,52
8,05
2,67

6,1
0,72
4,25
8,77

2,3
6,82
0,45
4,97

8,4
2,03
6,55
0,18

4,6
8,13
2,75
6,28

9,7
3,33
7,85
1,48

5,9
9,43
3,06
7,58

1,11
5,63
9,16
3,78

7,21
1,83
5,36
9,88

3,41
7,93
1,56
5,09

9,51
3,14
7,66
1,29

5,71
9,24
3,86
7,39

1,91
5,44
9,96
3,59

6,02
0,64
4,17
8,69

2,22
6,74
0,37
4,89

8,32
2,94
6,47
0,001

4
5
6
7

6,101
0,721
4,251
8,771

2,301
6,821
0,451
4,971

8,401
2,031
6,551
0,181

4,601
8,131
2,751
6,281

0,801
4,331
8,851
2,481

5,901
9,431
3,061
7,581

1,111
5,631
9,161
3,781

7,211
1,831
5,361
9,881

3,411
7,931
1,561
5,091

9,511
3,141
7,661
1,291

5,711
9,241
3,861
7,391

1,911
5,441
9,961
3,591

7,021
1,641
5,171
9,691

2,221
6,741
0,371
4,891

8,321
2,941
6,471
0,002

4,521
8,051
2,671
6,102

8
9
01

2,302
6,822
0,452

8,402
2,032
6,552

4,602
8,132
2,752

0,802
4,332
8,852

6,902
0,532
4,062

1,112
5,632
9,162

7,212
1,832
5,362

3,412
7,932
1,562

9,512
3,142
7,662

5,712
9,242
3,862

1,912
5,442
9,962

7,022
1,642
5,172

3,222
7,742
1,372

8,322
2,942
6,472

4,522
8,052
2,672

0,722
4,252
8,772

sretemillim4,52=hcni1

 *NOTE: To use this table, see the shaded example.
  2-1/2 inches (2 from the left column plus 1/2 from the top row) = 63,5 millimeters

tebahplAkeerG

SPAC
REWOL

ESAC
KEERG
EMAN

SPAC
REWOL

ESAC
KEERG
EMAN

SPAC
REWOL

ESAC
KEERG
EMAN

Α α ahplA Ι ι atoI Ρ ρ ohR

Β β ateB Κ κ appaK Σ σ amgiS

Γ γ ammaG Λ λ adbmaL Τ τ uaT

∆ δ atleD Μ µ uM Υ υ nolispU

Ε ε nolispE Ν ν uN Φ φ ihP

Ζ ζ ateZ Ξ ξ iX Χ χ ihC

Η η atE Ο ο norcimO Ψ ψ isP

Θ θ atehT Π π iP Ω ω agemO

slobmySdnasexiferPcirteM
ROTCAFNOITACILPITLUM XIFERP LOBMYS

01=0000000000000000001 81

01=0000000000000001 51

01=0000000000001 21

01=0000000001 9

01=0000001 6

01=0001 3

01=001 2

01=01 1

axe
atep
aret
agig
agem

olik
otceh
aked

E
P
T
G
M
k
h
ad

01=1.0 1-

01=10.0 2-

01=100.0 3-

01=100000.0 6-

01=100000000.0 9-

01=100000000000.0 21-

01=100000000000000.0 51-

01=100000000000000000.0 81-

iced
itnec
illim
orcim
onan
ocip
otmef

otta

d
c
m
m
n
p
f
a

stnelaviuqEhtgneL

YLPITLUM
REBMUN

FO

OT
NIATBO

YB

sreteM sehcnI teeF sretemilliM seliM sretemoliK

sreteM 1 73.93 8082.3 0001 4126000.0 100,0

sehcnI 4520,0 1 3380.0 4,52 87510000.0 4520000,0

teeF 8403,0 21 1 8,403 4981000.0 8403000,0

sretemilliM 100,0 73930.0 8082300.0 1 4126000000.0 100000,0

seliM 53,9061 063,36 082,5 0539061 1 53906,1

sretemoliK 0001 073,93 38.0823 0000001 73126.0 1

sretemorcim000,000,1=mk100,0=mm0001=mc001=retem1

stnelaviuqEretemilliM-hcnIelohW

HCNI
0 1 2 3 4 5 6 7 8 9

mm

0 00,0 4,52 8,05 2,67 6,101 0,721 4,251 8,771 2,302 6,822

01 0,452 4,972 8,403 2,033 6,553 0,183 4,604 8,134 2,754 6,284

02 0,805 4,335 8,855 2,485 6,906 0,536 4,066 8,586 2,117 6,637

03 0,267 4,787 8,218 2,838 6,368 0,988 4,419 8,939 2,569 6,099

04 0,6101 4,1401 8,6601 2,2901 6,7111 0,3411 4,8611 8,3911 2,9121 6,4421

05 0,0721 4,5921 8,0231 2,6431 6,1731 0,7931 4,2241 8,7441 2,3741 6,8941

06 0,4251 4,9451 8,4751 2,0061 6,5261 0,1561 4,6761 8,1071 2,7271 6,2571

07 0,8771 4,3081 8,8281 2,4581 6,9781 0,5091 4,0391 8,5591 2,1891 6,6002

08 0,2302 4,7502 8,2802 2,8012 6,3312 0,9512 4,4812 8,9022 2,5322 6,0622

09 0,6822 4,1132 8,6332 2,2632 6,7832 0,3142 4,8342 8,3642 2,9842 6,4152

001 0,0452 4,5652 8,0952 2,6162 6,1462 0,7662 4,2962 8,7172 2,3472 6,8672

.mm4,52=hcni1noitalerehtnodesab,tcaxeeraelbatsihtniseulavllA:etoN

 *NOTE: To use this table, see the shaded example.
  25 inches (20 from the left column plus five from the top row) = 635 millimeters
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sretemilliMotsehcnIlamiceDdnalanoitcarF-stnelaviuqEhtgneL
SEHCNI

mm
SEHCNI

mm
SEHCNI

mm
SEHCNI

mm
snoitcarF slamiceD snoitcarF slamiceD snoitcarF slamiceD snoitcarF slamiceD

49300. 1. 32. 248.5 2/1 05. 7.21 77. 855.91

78700. 2. 46/51 573432. 1359.5 15. 459.21 87. 218.91

10. 452. 22632. 0.6 18115. 0.31 23/52 52187. 8348.91

18110. 3. 42. 690.6 46/33 526515. 9690.31 04787. 0.02

46/1 526510. 9693. 4/1 52. 53.6 25. 802.31 97. 660.02

57510. 4. 62. 406.6 35. 264.31 46/15 578697. 6042.02

96910. 5. 46/71 526562. 9647.6 23/71 52135. 8394.31 08. 023.02

20. 805. 72. 858.6 45. 617.31 18. 475.02

26320. 6. 95572. 0.7 46/53 578645. 6098.31 61/31 5218. 5736.02

65720. 7. 82. 211.7 55. 079.31 28. 828.02

30. 267. 23/9 52182. 8341.7 81155. 0.41 77628. 0.12

23/1 52130. 8397. 92. 663.7 65. 422.41 46/35 521828. 4430.12

5130. 8. 46/91 578692. 6045.7 61/9 5265. 5782.41 38. 280.12

34531. 9. 03. 26.7 75. 874.41 48. 633.12

73930. 0.1 13. 478.7 46/73 521875. 4486.41 23/72 57348. 2134.12

40. 610.1 61/5 5213. 5739.7 85. 237.41 58. 095.12

46/3 578640. 6091.1 69413. 0.8 95. 689.41 46/55 573958. 1828.12

50. 72.1 23. 821.8 5095. 0.51 68. 448.12

60. 425.1 46/12 521823. 4433.8 23/91 57395. 2180.51 41668. 0.22

61/1 5260. 5785.1 33. 283.8 06. 42.51 78. 890.22

70. 877.1 43. 636.8 46/93 573906. 1874.51 8/7 578. 522.22

46/5 521870. 4489.1 23/11 57343. 2137.8 16. 494.51 88. 253.22

47870. 0.2 53. 98.8 26. 847.51 98. 606.22

80. 230.2 33453. 0.9 8/5 526. 578.51 46/75 526098. 9126.22

90. 682.2 46/32 573953. 1821.9 29926. 0.61 09. 068.22

23/3 57390. 2183.2 63. 441.9 36. 200.61 15509. 0.32

1. 45.2 73. 893.9 46. 652.61 23/92 52609. 8810.32

46/7 573901. 1877.2 8/3 573. 525.9 46/14 526046. 9172.61 19. 411.32

11. 497.2 83. 256.9 56. 015.61 29. 863.32

11811. 0.3 93. 609.9 23/12 52656. 8866.61 46/95 578129. 6541.32

21. 840.3 46/52 526093. 9129.9 66. 467.61 39. 226.32

8/1 521. 571.3 07393. 0.01 92966. 0.71 61/51 5739. 5218.32

31. 203.3 04. 61.01 76. 810.71 49. 678.32

41. 655.3 23/31 52604. 8813.01 46/34 578176. 6560.71 88449. 0.42

46/9 526041. 9175.3 14. 414.01 86. 272.71 59. 031.42

51. 018.3 24. 866.01 61/11 5786. 5264.71 46/16 521359. 4902.42

23/5 52651. 8869.3 46/72 578124. 6517.01 96. 625.71 69. 483.42

84751. 0.4 34. 229.01 07. 87.71 23/13 57869. 2606.42

61. 460.4 70334. 0.11 46/54 521307. 4958.71 79. 836.42

71. 813.4 61/7 5734. 5211.11 66807. 0.81 89. 298.42

46/11 578171. 6563.4 44. 671.11 17. 430.81 52489. 0.52

81. 275.4 54. 034.11 23/32 57817. 2652.81 46/36 573489. 1300.52

61/3 5781. 5267.4 46/92 521354. 4905.11 27. 882.81 99. 641.52

91. 628.4 64. 486.11 37. 245.81 1 00000.1 0004.52

58691. 0.5 23/51 57864. 2609.11 46/74 573437. 1356.81

2. 80.5 74. 839.11 47. 697.81

46/31 521302. 4951.5 44274. 0.21 30847. 0.91

12. 433.5 84. 291.21 4/3 57. 050.91

23/7 57812. 2655.5 46/13 573484. 1303.21 67. 403.91

22. 885.5 94. 644.21 46/94 526567. 9644.91

.ycaruccafoeergedderisedehtnahteromonedivorpotstnioplamicedffodnuoR:etoN
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snoisrevnoCerutarepmeT

C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F°

61,372- 96,954- 00,09- 031- 0.202- 8,71- 0 0.23 1,12 07 0.851

87,762- 054- 44,48- 021- 0.481- 7,61- 2 6.53 2,22 27 6.161

22,262- 044- 98,87- 011- 0.661- 6,51- 4 2.93 3,32 47 2.561

76,652- 034- 33,37- 001- 0.841- 4,41- 6 8.24 4,42 67 8.861

11,152- 024- 65,07- 59- 0.931- 3,31- 8 4.64 6,52 87 4.271

65,542- 014- 87,76- 09- 0.031- 2,21- 01 0.05 7,62 08 0.671

00,042- 004- 00,56- 58- 0.121- 1,11- 21 6.35 8,72 28 6.971

44,432- 093- 22,25- 08- 0.211- 0,01- 41 2.75 9,82 48 2.381

98,822- 083- 54,95- 57- 0.301- 98,8- 61 8.06 0,03 68 8.681

33,322- 073- 76,65- 07- 0.49- 87,7- 81 4.46 1,13 88 4.091

87,712- 063- 98,35- 56- 58- 76,6- 02 0.86 2,23 09 0.491

22,212- 053- 11,15- 06- 0.67- 65,5- 22 6.17 3,33 29 6.791

76,602- 043- 43,84- 55- 0.76- 44,4- 42 2.57 4,43 49 2.102

11,102- 033- 65,54- 05- 0.85- 33,3- 62 8.87 6,53 69 8.402

65,591- 023- 87,24- 54- 0.94- 22,2- 82 4.28 7,63 89 4.802

00,091- 013- 00,04- 04- 0.04- 11,1- 03 0.68 8,73 001 0.212

44,481- 003- 98,83- 83- 4.63- 0 23 6.98 3,34 011 0.032

98,871- 092- 87,73- 63- 8.23- 11,1 43 2.39 9,84 021 0.842

33,371- 082- 76,63- 43- 2.92- 22,2 63 8.69 4,45 031 0.662

35,961- 61,372- 96.954- 65,53- 23- 6.52- 33,3 83 4.001 0,06 041 0.482

98,861- 272- 6.754- 44,43- 03- 0.22- 44,4 04 0.401 6,56 051 0.203

87,761- 072- 0.454- 33,33- 82- 4.81- 65,5 24 6.701 1,17 061 0.023

22,261- 062- 0.634- 22,23- 62- 8.41- 76,6 44 2.111 7,67 071 0.833

76,651- 052- 0.814- 11,13- 42- 2.11- 87,7 64 8.411 2,28 081 0.653

11,151- 042- 0.004- 00,03- 22- 6.7- 98,8 84 4.811 8,78 091 0.473

65,541- 032- 0.283- 98,82- 02- 0.4- 0,01 05 0.221 3,39 002 0.293

00,041- 022- 0.463- 87,72- 81- 4.0- 1,11 25 6.521 9,89 012 0.014

44,431- 012- 0.653- 76,62- 61- 2.3 2,21 45 2.921 4,401 022 0.824

98,821- 002- 0.823- 65,52- 41- 8.6 3,31 65 8.231 0,011 032 0.644

33,321- 091- 0.013- 44,42- 21- 4.01 4,41 85 4.631 6,511 042 0.464

87,711- 081- 0.292- 33,32- 01- 0.41 6,51 06 0.041 1,121 052 0.284

22,211- 071- 0.472- 22,22- 8- 6.71 7,61 26 6.341 7,621 062 0.005

76,601- 061- 0.652- 11,12- 6- 2.12 8,71 46 2.741 2,231 072 0.815

11,101- 051- 0.832- 00,02- 4- 8.42 9,81 66 8.051 8,731 082 0.635

65,59- 041- 0.022- 98,81- 2- 4.82 0,02 86 4.451 3,341 092 0.566



Technical

 K - 84

KK

- continued -

)deunitnoc(snoisrevnoCerutarepmeT

C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F°

1,12 07 0.851 4,402 004 0.257 4,454 058 0.2651

2,22 27 6.161 0,012 014 0.077 0,064 068 0.0851

3,32 47 2.561 6,512 024 0.887 6,564 078 0.8951

4,42 67 8.861 1,122 034 0.608 1,174 088 0.6161

6,52 87 4.271 7,622 044 0.428 7,674 098 0.4361

7,62 08 0.671 2,232 054 0.248 2,284 009 0.2561

8,72 28 6.971 8,732 064 0.068 8,784 019 0.0761

9,82 48 2.381 3,342 074 0.878 3,394 029 0.8861

0,03 68 8.681 9,842 084 0.698 9,894 039 0.6071

1,13 88 4.091 4,452 094 419 4,405 049 0.4271

2,23 09 0.491 0,062 005 0.239 0,015 059 0.2471

3,33 29 6.791 6,562 015 0.059 6,515 069 0.0671

4,43 49 2.102 1,172 025 0.869 1,125 079 0.8771

6,53 69 8.402 7,672 035 0.689 7,625 089 0.6971

7,63 89 4.802 2,282 045 0.4001 2,235 099 0.4181

8,73 001 0.212 8,782 055 0.2201 8,735 0001 0.2381

3,34 011 0.032 3,392 065 0.0401 3,345 0101 0581

9,84 021 0.842 9,892 075 0.8501 9,845 0201 0.8681

4,45 031 0.662 4,403 085 0.6701 4,455 0301 0.6881

0,06 041 0.482 0,013 095 0.4901 0,065 0401 0.4091

6,56 051 0.203 6,513 006 0.2111 6,565 0501 0.2291

1,17 061 0.023 1,123 016 0.0311 1,175 0601 0.0491

7,67 071 0.833 7,623 026 0.8411 7,675 0701 0.8591

2,28 081 0.653 2,233 036 0.6611 2,285 0801 0.6791

8,78 091 0.473 8,733 046 0.4811 8,785 0901 0.4991

3,39 002 0.293 3,343 056 0.2021 3,395 0011 0.2102

9,89 012 0.014 9,843 066 0.0221 9,895 0111 0.0302

4,401 022 0.824 4,453 076 0.8321 4,406 0211 0.8402

0,011 032 0.644 0,063 086 0.6521 0,016 0311 0.6602

6,511 042 0.464 6,563 096 0.4721 6,516 0411 4802

1,121 052 0.284 1,173 007 0.2921 1,126 0511 0.2012

7,621 062 0.005 7,673 017 0.0131 7,626 0611 0.0212

2,231 072 0.815 2,283 027 0.8231 2,236 0711 0.8312

8,731 082 0.635 8,782 037 0.6431 8,736 0811 0.6512

3,341 092 0.566 3,393 047 0.4631 3,346 0911 0.4712
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C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F° C°
C°NI.PMET
EBOTF°RO
DETREVNOC

F°

9,841 003 0.275 6,513 006 0.2111 2,284 009 0.2561 9,846 0021 0.2912

4,451 013 0.095 1,123 016 0.0311 8,784 019 0.0761 4,456 0121 0.0122

0,061 023 0.806 7,623 026 0.8411 3,394 029 0.8861 0,066 0221 0.8222

6,561 033 0.626 2,233 036 0.6611 9,894 039 0.6071 6,566 0321 0.6422

1,171 043 0.446 8,733 046 0.4811 4,405 049 0.4271 1,176 0421 0.4622

7,671 053 0.266 3,343 056 0.2021 0,015 059 0.2471 7,676 0521 0.2822

2,281 063 0.086 9,843 066 0.0221 6,515 069 0.0671 2,286 0621 0.0032

8,781 073 0.896 4,453 076 0.8321 1,125 079 0.8771 8,786 0721 0.8132

9,981 083 0.617 0,063 086 0.6521 7,625 089 0.6971 3,396 0821 0.6332

3,391 093 0.437 6,563 096 0.4721 2,235 099 0.4181 9,896 0921 0.4532

4,402 004 0.257 1,173 007 0.2921 8,735 0001 0.2381 4,407 0031 0.2732

0,012 014 0.077 7,673 017 0.0131 3,345 0101 0581 0,017 0131 0.0932

6,512 024 0.887 2,283 027 0.8231 9,845 0201 0.8681 6,517 0231 0.8042

1,122 034 0.608 8,782 037 0.6431 4,455 0301 0.6881 1,127 0331 0.6242

7,622 044 0.428 3,393 047 0.4631 0,065 0401 0.4091 7,627 0431 0.4442

2,232 054 0.248 9,893 057 0.2831 6,565 0501 0.2291 2,237 0531 0.2642

8,732 064 0.068 4,404 067 0.0041 1,175 0601 0.0491 8,737 0631 0.0842

3,342 074 0.878 0,014 077 0.8141 7,675 0701 0.8591 3,347 0731 0.8942

9,842 084 0.698 6,514 087 0.6341 2,285 0801 0.6791 9,847 0831 0.6152

4,452 094 419 1,124 097 0.4541 8,785 0901 0.4991 4,457 0931 0.4352

0,062 005 0.239 7,624 008 0.2741 3,395 0011 0.2102 0,067 0041 0.2552

6,562 015 0.059 2,234 018 0.0941 9,895 0111 0.0302 6,567 0141 0.0752

1,172 025 0.869 8,734 028 0.8051 4,406 0211 0.8402 1,177 0241 0.8852

7,672 035 0.689 3,344 038 0.6251 0,016 0311 0.6602 7,677 0341 0.4262

2,282 045 0.4001 9,844 048 0.4451 6,516 0411 4802 2,287 0441 0.4262

8,782 055 0.2201 4,454 058 0.2651 1,126 0511 0.2012 0,787 0541 0.2462

3,392 065 0.0401 0,064 068 0.0851 7,626 0611 0.0212 3,397 0541 0.2462

9,892 075 0.8501 6,564 078 0.8951 2,236 0711 0.8312 9,897 0741 0.8762

4,403 085 0.6701 1,174 088 0.6161 8,736 0811 0.6512 4,408 0841 0.6962

0,013 095 0.4901 7,674 098 0.4361 3,346 0911 0.4712 0,018 0941 0.4172
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srotcaFthgieWdnaselbaTytivarGémuaBdna.I.P.A

.I.P.A
ytivarG

émuaB
ytivarG

cificepS
ytivarG

.S.U/sbL
snollaG

.S.U
-snollaG

bL/

.I.P.A
ytivarG

émuaB
ytivarG

cificepS
ytivarG

.S.U/sbL
snollaG

.S.U
-snollaG

bL/

.I.P.A
ytivarG

émuaB
ytivarG

cificepS
ytivarG

.S.U/sbL
snollaG

.S.U
-snollaG

bL/

.I.P.A
ytivarG

émuaB
ytivarG

cificepS
ytivarG

.S.U/sbL
snollaG

.S.U
-snollaG

bL/

0 742.01 0670.1 269.8 6111.0

1 322.9 9760.1 598.8 4211.0 13 87.03 8089.0 152.7 9731.0 16 64.06 1537.0 911.6 4361.0 18 52.08 9566.0 245.5 4081.0

2 891.8 9950.1 828.8 3311.0 23 77.13 4568.0 602.7 8831.0 26 54.16 3137.0 780.6 3461.0 28 42.18 8266.0 615.5 3181.0

3 371.7 0250.1 267.8 1411.0 33 67.233 2068.0 361.7 6931.0 36 44.26 5727.0 650.6 1561.0 38 32.28 7956.0 194.5 1281.0

4 841.6 3440.1 896.8 0511.0 43 57.33 0558.0 911.7 5041.0 46 34.36 8327.0 520.6 0661.0 48 22.38 6656.0 564.5 0381.0

5 421.5 6630.1 436.8 8511.0 53 37.43 8948.0 570.7 3141.0 56 24.46 1027.0 499.6 8661.0 58 02.48 6356.0 044.5 8381.0

6 990.4 1920.1 175.8 7611.0 63 27.53 8448.0 430.7 2241.0 66 14.56 5617.0 469.5 7761.0 68 91.58 6056.0 514.5 7481.0

7 470.3 7120.1 905.8 5711.0 73 17.63 8938.0 399.6 0341.0 76 04.66 8217.0 439.5 5861.0 78 81.68 6746.0 093.5 5581.0

8 940.2 3410.1 844.8 4811.0 83 07.73 8438.0 159.6 9341.0 86 93.76 3907.0 409.5 4961.0 88 71.78 6446.0 563.5 4681.0

9 520.1 1700.1 883.8 2911.0 93 96.83 9928.0 019.6 7441.0 96 73.86 7507.0 478.5 2071.0 98 61.88 7146.0 143.5 2781.0

01 00.01 0000.1 823.8 1021.0 04 86.93 1528.0 078.6 6541.0 07 63.96 2207.0 548.5 1171.0 09 51.98 8836.0 613.5 1881.0

11 99.01 0399.0 072.8 9021.0 14 76.04 3028.0 038.6 4641.0 17 53.07 8896.0 718.5 9171.0 19 41.09 0636.0 392.5 9881.0

21 89.11 1689.0 212.8 8121.0 24 66.14 5518.0 097.6 3741.0 27 43.17 3596.0 887.5 8271.0 29 31.19 1336.0 962.5 8981.0

31 79.21 2979.0 551.8 6221.0 34 56.24 9018.0 257.6 1841.0 37 33.27 9196.0 957.5 6371.0 39 21.29 3036.0 642.5 6091.0

41 69.31 5279.0 990.8 5321.0 44 46.34 3608.0 317.6 0941.0 47 23.37 6886.0 137.5 5471.0 49 11.39 5726.0 222.5 5191.0

51 59.41 9569.0 440.8 3421.0 54 36.44 7108.0 576.6 8941.0 57 13.47 2586.0 307.5 3571.0 59 01.49 7426.0 991.5 4291.0

61 49.51 3959.0 989.7 2521.0 64 26.54 2797.0 736.6 7051.0 67 03.57 9186.0 676.5 2671.0 69 90.59 0226.0 671.5 2391.0

71 39.61 9259.0 539.7 0621.0 74 16.05 7297.0 006.6 5151.0 77 92.67 7876.0 946.5 0771.0 79 80.69 3916.0 451.5 0491.0

81 29.71 5649.0 288.7 9621.0 84 06.05 3887.0 365.6 4251.0 87 82.77 4576.0 226.5 9771.0 89 70.79 6616.0 131.5 9491.0

91 09.81 2049.0 039.7 7721.0 94 95.05 9387.0 625.6 2351.0 97 72.87 2276.0 595.5 7871.0 99 60.89 9316.0 901.5 7591.0

02 98.91 0439.0 877.7 6821.0 05 85.05 6977.0 094.6 1451.0 08 62.97 0966.0 865.5 6971.0 001 50.99 2116.0 680.5 6691.0

12 88.02 9729.0 727.7 4921.0 15 75.05 3577.0 554.6 9451.0

22 78.12 8129.0 676.7 3031.0 25 55.15 1177.0 024.6 8551.0

32 68.22 9519.0 726.7 1131.0 35 45.25 9667.0 583.6 6651.0

42 58.32 0019.0 875.7 0231.0 45 35.35 8267.0 053.6 5751.0

52 48.42 2409.0 925.7 8231.0 55 25.45 7857.0 631.6 3851.0

62 38.52 4898.0 184.7 7331.0 65 15.55 7457.0 382.6 2951.0

72 28.62 7298.0 434.7 5431.0 75 05.65 7057.0 942.6 0061.0

82 18.72 1788.0 783.7 4531.0 85 94.75 7647.0 612.6 9061.0

92 08.82 6188.0 143.7 2631.0 95 84.85 8247.0 481.6 7161.0

03 97.92 2678.0 692.7 1731.0 06 74.95 9837.0 151.6 6261.0

The relation of Degrees Baume or A.P.I. to Specific Gravity is expressed by these formulas:

For liquids lighter than water: For liquids heavier than water:

Degrees Baume = 
140

130
140

130G
G=

+Degrees Baume
−    Degrees Baume = 145

145 145
145

−
−G

G=
Degrees Baume

   

Degrees A.P.I. =
141
5

1315
1415

1315
− .

.
. . . .

   G=
+Degrees A P I

G = Specific Gravity = ratio of weight of a given volume of oil at 60°F to the weight of the same
volume of water at 60°F.

The above tables are based on the weight of 1 gallon (U.S.) of oil with a volume of 231 cubic
inches at 60°F in air at 760 mm pressure and 50% relative humidity.  Assumed weight of 1 gallon
of water at 60°F in air is 8.32828 pounds.

To determine the resulting gravity by mixing oils of different gravities:

D=
md nd

m n
1 2+
+

D = Density or Specific Gravity of mixture
m = Proportion of oil of d1 density
n = Proportion of oil of d2 density
d1 = Specific gravity of m oil
d2 = Specific Gravity of n oil
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C
nM
iS

S
P

rC
iN

xam80.0
xam05.1
xam00.2
xam40.0
xam40.0

00.12ot00.81
00.11ot00.8

C
nM
iS

P
S

rC
iN
oM

xam80.0
xam05.1
xam00.2
xam40.0
xam40.0

00.12ot00.81
00.21ot00.9

00.3ot00.2

iN
uC

C
nM
eF

S
iS
bN

nim00.06
00.33ot00.62

xam03.0
xam05.1
xam05.3

xam510.0
00.2ot00.1
00.3ot00.1

rC
eF

C
iS
oC
nM

V
oM

P
S

iN

xam00.1
00.6ot00.4

xam21.0
xam00.1
xam05.2
xam00.1

06.0ot02.0
00.03ot00.62

xam40.0
xam30.0

redniameR
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slairetaMevlaVrofsnoitacificepSdradnatSdednemmoceR )deunitnoc(sgnitsaCgniniatnoC-erusserP
12 "C"yollAemorhC-yloM-lekciN

"C"yolletsaH(494AMTSA † )

F°0001otF°523-=egnar.pmeT
)tnecreP(noitisopmoC

22 6.oNyollAdesab-tlaboC
etilletS † 6.oN

)tnecreP(noitisopmoC

13 leetSsselniatS613epyT
613epyT672AMTSA

)tnecreP(noitisopmoC

23 leetSsselniatSL613epyT
L613epyT672AMTSA

)tnecreP(noitisopmoC

rC
eF

W
C

iS
oC
nM

V
oM

P
S

iN

05.71ot05.51
05.7ot05.4
52.5ot57.3

xam21.0
xam00.1
xam05.2
xam00.1

04.0ot02.0
00.81ot00.61

40.0
30.0

redniameR

C
nM

W
iN
rC
oM
eF
eS
oC

04.1ot09.0
00.1

00.6ot00.3
00.3

00.23ot00.62
00.1
00.3

00.2ot04.0
redniameR

C
nM

P
S

iS
rC
iN
oM

xam80.0
xam00.2

xam540.0
xam030.0

xam00.1
00.81ot00.61
00.41ot00.01

00.3ot00.2

C
nM

P
S

iS
rC
iN
oM

xam30.0
xam00.2

xam540.0
xam030.0

xam00.1
00.81ot00.61
00.41ot00.01

00.3ot00.2

32 raBmunimulA
3T-11902yollA112BMTSA

)tnecreP(noitisopmoC

42 raBssarBwolleY
61BMTSA 1/2 draH

)tnecreP(noitisopmoC

33 leetSsselniatS014epyT
014epyT672AMTSA

)tnecreP(noitisopmoC

43 leetSsselniatSHP4-71epyT
036edarG164AMTSA

)tnecreP(noitisopmoC

iS
eF
uC
nZ
iB
bP

lA

xam04.0
xam07.0

00.6ot00.5
xam03.0

06.0ot02.0
06.0ot02.0

xam51.0stnemelErehtO
redniameR

uC
bP
eF
nZ

00.36ot00.06
07.3ot05.2

xam53.0
redniameR

C
nM

P
S

iS
rC
lA

xam51.0
xam00.1

xam040.0
xam030.0

xam00.1
05.31ot05.11

03.0ot01.0

C
nM
iS

P
S

rC
bN
uC
iN
eF

xam70.0
xam00.1
xam00.1
xam40.0
xam30.0

05.71ot05.51
54.0ot50.0
00.5ot00.3
00.5ot00.3
redniameR

52 raBssarBlavaN
464wollA12BMTSA

)tnecreP(noitisopmoC

62 raBleetSdedaeL
41L21ISIA

)tnecreP(noitisopmoC

53 raByollAreppoC-lekciN
)*lenoMK(005KyollA

)tnecreP(noitisopmoC

63 raB"B"yollAyloM-lekciN
"B"yolletsaH(533BMTSA †)

)tnecreP(noitisopmoC

uC
nS
bP
nZ

00.26ot00.95
00.1ot05.0

xam02.0
redniameR

C
nM

P
S

bP

xam51.0
02.1ot08.0
90.0ot40.0
53.0ot52.0
53.0ot51.0

iN
eF
nM
iS

C
S

lA
iT
uC

00.07ot00.36
xam00.2
xam05.1
xam00.1
xam52.0
xam10.0

00.4ot00.2
00.1ot52.0
redniameR

rC
eF

C
iS
oC
nM

V
oM

P
S

iN

xam00.1
00.6ot00.4

xam40.0
xam00.1
xam05.2
xam00.1

04.0ot02.0
00.03ot00.62

xam520.0
xam030.0
redniameR

72 raBleetSnobraC
8101edarG801AMTSA

)tnecreP(noitisopmoC

82 leetSyloM-emorhC0414ISIA
tlob7BedarG391AMTSArofelbatiuS(

)lairetam

)tnecreP(noitisopmoC

73 raB"C"yollAemorhC-yloM-lekciN
"C"yolletsaH(633BMTSA †)

)tnecreP(noitisopmoC

C
nM

P
S

02.0ot51.0
09.0ot06.0

xam40.0
xam50.0

C
nM

P
S

iS
rC
oM
eF

34.0ot83.0
00.1ot57.0

xam530.0
xam40.0

53.0ot02.0
01.1ot08.0
52.0ot51.0
redniameR

rC
eF

W
C

iS
oC
nM
aV
oM

P
S

iN

05.61ot05.41
00.7ot00.4
05.4ot00.3

xam80.0
xam00.1
xam05.2
xam00.1
xam53.0

00.71ot00.51
40.0
30.0

redniameR

92 leetSsselniatS203epyT
203epyT672AMTSA

)tnecreP(noitisopmoC

03 leetSsselniatS403epyT
403epyT672AMTSA

)tnecreP(noitisopmoC

C
nM

P
S

iS
rC
iN

xam51.0
xam00.2

xam540.0
xam030.0

xam00.1
00.91ot00.71

00.01ot00.8

C
nM

P
S

iS
rC
iN

xam80.0
xam00.2

xam540.0
xam030.0

xam00.1
00.02ot00.81

00.21ot00.8
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sgnitsaCgniniatnoC-erusserPslairetaMevlaVrofsnoitacificepSdradnatSdednemmoceR

EDOCLAIRETAM
NOITPIRCSEDDNA

SEITREPORPLACISYHPMUMINIM FOSULUDOM
YTICITSALE

F°07TA
ISP( x 01 6)

ETAMIXORPPA
LLENIRB

SSENDRAH
elisneT

)isP(

dleiY
tnioP
)isP(

.gnolE
)%("2ni

noitcudeR
)%(aerAfo

1 leetSnobraC BCWedarG612AMTSA 000,07 000,63 22 53 9.72 781-731

2 leetSnobraC BCLedarG253AMTSA 000,56 000,53 42 53 9.72 781-731

3 leetSyloMemorhC 5CedarG712AMTSA 000,09 000,06 81 53 4.72 .xaM142

4 leetSyloMnobraC 1CWedarG712AMTSA 000,56 000,53 42 53 9.92 .xaM512

5 leetSyloMemorhC 6CWedarG712AMTSA 000,07 000,04 02 53 9.92 .xaM512

6 leetSyloMemorhC 9CWedarG712AMTSA 000,07 000,04 02 53 9.92 .xaM142

7 leetSlekciN%2/13 3CLedarG253AMTSA 000,56 000,04 42 53 9.72 731

8 leetSyloMemorhC 21CedarG712AMTSA 000,09 000,06 81 53 4.72 042-081

9 leetSsselniatS403epyT 8-FCedarG153AMTSA 000,56 000,82 53 --- 0.82 041

01 leetSsselniatS613epyT M8-FCedarG153AMTSA 000,07 000,03 03 --- 3.82 071-651

11 norItsaC BssalC621AMTSA 000,13 --- --- --- --- 022-061

21 norItsaC CssalC621AMTSA 000,14 --- --- --- --- 022-061

31 norIelitcuD 51-54-06epyT593AMTSA 000,06 000,54 51 --- 62-32 702-341

41 norItsiseR-iNelitcuD )1( B2-DepyT934AMTSA 000,85 000,03 7 --- --- 112-841

51 eznorBevlaVdradnatS 26BMTSA 000,03 000,41 02 71 5.31 *56-55

61 eznorBniT A1yollA341BMTSA 000,04 000,81 02 02 51 *58-57

71 eznorBesenagnaM A8yollA741BMTSA 000,56 000,52 02 02 4.51 *89

81 eznorBmunimulA C9yollA841BMTSA 000,57 000,03 .nim21 21 71 051

91 114yollAlednoM )edarGelbadleW( 000,56 005,23 52 --- 32 071-021

02 "B"yollAyloM-lekciN )"B"yolletsaH(494AMTSA 000,27 000,64 6 --- --- ---

12 "C"yollAemorhC-yloM-lekciN )"C"yolletsaH(494AMTSA 000,27 000,64 4 --- --- ---

22 6.oNyollAesab-tlaboC 6.oNetilletS 000,121 000,46 2-1 --- 4.03 ---

32 raBmunimulA 3T-11902yollA112BMTSA 000,44 000,63 51 --- 2.01 59

42 raBssarBwolleY draH2/1-61BMTSA 000,54 000,51 7 05 41 ---

52 raBssarBlavaN 464yollA12BMTSA 000,06 000,72 22 55 --- ---

62 raBleetSdedaeL 41L21ISIA 000,97 000,17 61 25 --- 361

72 raBleetSnobraC 8101edarG801AMTSA 000,96 000,84 83 26 --- 341

82 leetSyloM-emorhC0414ISIA )lairetamtlob7BedarG391AMTSArofelbatiuS( 000,531 000,511 22 36 9.92 552

92 leetSsselniatS203epyT 203epyT672AMTSA 000,58 000,53 06 07 82 051

03 leetSsselniatS403epyT 403epyT672AMTSA 000,58 000,53 06 07 --- 941

13 leetSsselniatS613epyT 613epyT672AMTSA 000,08 000,03 06 07 82 941

23 leetSsselniatSL613epyT L613epyT672AMTSA 000,18 000,43 55 --- --- 641

33 leetSsselniatS014epyT 014epyT672AMTSA 000,57 000,04 53 07 92 551

43 leetSsselniatSHP4-71epyT 036edarG164AMTSA 000,531 000,501 61 05 92 543-572

53 raByollAreppoC-lekciN )lenoMK(005KyollA 000,001 000,07 53 --- 62 062-571

63 raB"B"yollAyloM-lekciN )"B"yolletsaH(533BMTSA 000,001 000,64 03 --- --- ---

73 raB"C"yollAyloM-lekciN )"C"yolletsaH(633BMTSA 00,001 000,64 02 --- --- ---

.daolgk005.1
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THGIEW

GNILIOB
TATNIOP
AISP696.41

)F°(

ROPAV
TAERUSSERP

)AISP(F°001

GNIZEERF
TATNIOP
AISP696.41

)F°(

STNATSNOCLACITIRC
YTIVARGCIFICEPS

AISP696.41TA

lacitirC
erutarepmeT

)F°(

lacitirC
)aisp(erusserP

,diuqiL )4,3(

F°06/F°06
F°06tasaG

)1=riA( )1(

1
2
3
4
5

enahteM
enahtE

enaporP
enatuB-n
enatubosI

HC 4
C2H6
C3H8
C4H 01
C4H 01

340.61
070.03
790.44
421.85
421.85

96.852-
84.721-

76.34-
01.13
09.01

)0005( )2(

)008( )2(

091
6.15
2.27

64.692- )5(

98.792- )5(

48.503- )5(

50.712-
92.552-

36.611-
90.09
10.602
56.503
89.472

8.766
8.707
3.616
7.055
1.925

3.0 )8(

4653.0 )7(

7705.0 )7(

4485.0 )7(

1365.0 )7(

9355.0
2830.1
5225.1
8600.2
8600.2

6
7
8

enatneP-n
enatneposI

enatnepoeN

C5H 21
C5H 21
C5H 21

151.27
151.27
151.27

29.69
21.28
01.94

075.51
44.02

9.53

15.102-
38.552-

71.2

7.583
01.963
31.123

6.884
4.094
0.464

0136.0
7426.0

7695.0 )7(

1194.2
1194.2
1194.2

9
01
11
21
31

enaxeH-n
enatneplyhteM-2
enatneplyhteM-3

enaxehoeN
enatublyhtemiD-3,2

C6H 41
C6H 41
C6H 41
C6H 41
C6H 41

871.68
871.68
871.68
871.68
871.68

27.551
74.041
98.541
25.121
63.631

659.4
767.6
890.6
658.9
404.7

85.931-
36.442-

---
27.741-
83.991-

7.354
38.534

3.844
31.024
92.044

9.634
6.634
1.354
8.644
5.354

0466.0
9756.0
9866.0
0456.0
4666.0

3579.2
3579.2
3579.2
3579.2
3579.2

41
51
61
71
81
91
02
12

enatpeH-n
enaxehlyhteM-2
enaxehlyhteM-3

enatneplyhtE-3
enatneplyhtnemiD-2,2

enatneplyhtemiD-4,2
enatneplyhtemiD-3,3

enatpirT

C7H 61
C7H 61
C7H 61
C7H 61
C7H 61
C7H 61
C7H 61
C7H 61

502.001
502.001
502.001
502.001
502.001
502.001
502.001
502.001

71.902
90.491
23.791
52.002
45.471
98.671
19.681
85.771

026.1
172.2
031.2
210.2
294.3
292.3
377.2
473.3

50.131-
98.081-

---
84.181-
68.091-
36.281-
10.012-

28.21-

8.215
00.594
87.305
84.315
32.774
59.574
58.505
44.694

8.693
5.693
1.804
3.914
2.204
9.693
2.724
4.824

2886.0
0386.0
7196.0
8207.0
2876.0
3776.0
6796.0
6496.0

6954.3
6954.3
6954.3
6954.3
6954.3
6954.3
6954.3
6954.3

22
32
42
52
62
72
82
92
03

enatcO-n
lytubosiD
enatcoosI
enanoN-n
enaceD-n

enatnepolcyC
enatnepolcyclyhteM

enaxeholcyC
enaxeholcyclyhteM

C8H 81
C8H 81
C8H 81
C9H 02
C 01 H 22
C5H 01
C6H 21
C6H 21
C7H 41

232.411
232.411
232.411
952.821
682.241

531.07
261.48
261.48
981.89

22.852
93.822
36.012
74.303
84.543
56.021
52.161
92.771
86.312

735.0
101.1
807.1
971.0
7950.0

419.9
305.4
462.3
906.1

81.07-
70.231-
72.161-

82.46-
63.12-
19.631-
44.422-

77.34
89.591-

22.465
44.035
64.915
86.016
1.256
5.164
53.994
7.635
72.075

6.063
6.063
4.273

233
403
8.356
9.845

195
5.305

8607.0
9796.0
2696.0
7127.0
2437.0
4057.0
6357.0
4387.0
0477.0

9349.3
9349.3
9349.3
2824.4
5219.4
5124.2
7509.2
7509.2
0093.3

13
23
33
43
53
63
73
83
93
04

enelyhtE
eneporP
enetuB-1

enetuB-2-siC
enetuB-2-snarT

enetubosI
enetneP-1

eneidatuB-2,1
eneidatuB-3,1

enerposI

C2H4
C3H6
C4H8
C4H8
C4H8
C4H8
C5H 01
C4H6
C4H6
C5H8

450.82
180.24
801.65
801.65
801.65
801.65
531.07
290.45
290.45
911.86

26.451-
09.35-
57.02
96.83
85.33
95.91
39.58
65.15
60.42
03.39

---
4.622
50.36
45.54
08.94
04.36
511.91

)02( )2(

)06( )2(

276.61

54.272- )5(

54.103- )5(

36.103- )5(

60.812-
69.751-
16.022-
93.562-
61.312-
20.461-
47.032-

85.84
9.691
6.592
73.423
68.113
55.292
39.673

)933( )2(

603
)214( )2(

8.927
966
385
016
595
085
095
)356( )2(

826
)4.855( )2(

---
0225.0 )7(

3106.0 )7(

1726.0 )7(

0016.0 )7(

4006.0 )7(

546.0 )7(

856.0 )7(

2726.0 )7(

1686.0

6869.0
9254.1
2739.1
2739.1
2739.1
2739.1
5124.2
6768.1
6768.1
9153.2

14
24
34
44
54
64
74
84
94

enelytecA
enezneB

eneuloT
enezneblyhtE

enelyX-o
enelyX-m
enelyX-p

enerytS
enazneblyporposI

C2H2
C6H6
C7H8
C8H 01
C8H 01
C8H 01
C8H 01
C8H8
C9H 21

830.62
411.87
141.29
861.601
861.601
861.601
861.601
251.401
591.021

911- )6(

71.671
31.132
61.772
79.192
14.282
50.182
92.392
43.603

---
422.3
230.1
173.0
462.0
623.0
243.0
)42.0( )2(

881.0

411- )5(

69.14
49.831-
19.831-

03.31-
21.45-
68.55
01.32-
28.041-

13.59
22.255
55.506
42.156

0.576
20.156

6.946
0.607
4.676

4.098
4.017
9.595
5.325
4.145
6.315
2.905

085
4.564

516.0 )9(

4488.0
8178.0
8178.0
8488.0
7868.0
7568.0
0119.0
3668.0

0998.0
9696.2
2181.3
5566.3
5566.3
5566.3
5566.3
9595.3
8941.4

.seulavdetaluclaC.1
.seulavdetamitsE-)(.2

.snobracordyhdetarutasriA.3
.muucavnisthgiewmorfseulavetulosbA.4

.)tniopelpirt(erusserpnoitarutastA.5
.tniopnoitamilbuS.6

taerusserpnoitarutaS.7 .F°06
taenahtemrofeulavtnerappA.8 .F°06

.)tniopnoitamilbus(F°06/F°911,ytivargcificepS.9



Technical

 K - 92

KK

- continued -
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DIULF ALUMROF
RALUCELOM

THGIEW

TNIOPGNILIOB
696.41TAF°(

)AISP

ROPAV
ERUSSERP

)GISP(F°07TA

LACITIRC
ERUTAREPMET

)F°(

LACITIRC
ERUSSERP

)AISP(

YTIVARGCIFICEPS

F°06/F°06diuqiL saG

dicAcitecA CH 2H3 3O 60.06 542 50.1

enotecA C3H6O 80.85 331 554 196 97.0 10.2

riA N2O2 79.82 713- 122- 745 ‡68.0 0.1

lyhtE,lohoclA C2H6O 70.64 371 3.2 )2( 074 529 497.0 95.1

lyhteM,lohoclA HC 4O 40.23 841 36.4 )2( 364 4711 697.0 11.1

ainommA HN 3 30.71 82- 411 072 6361 26.0 95.0

muinommA
edirolhC )1( HN 4 lC 70.1

muinommA
edixordyH )1( HN 4 HO 19.0

muinommA
etafluS )1( HN( 4)2 OS 4 51.1

enilinA C6H7N 21.39 563 897 077 20.1

nogrA A 49.93 203- 881- 507 56.1 83.1

enimorB rB 2 48.951 831 575 39.2 25.5

muiclaC
edirolhC )1( lCaC 2 32.1

edixoiDnobraC OC 2 10.44 901- 938 88 2701 108.0 )3( 25.1

ediflusiDnobraC SC 2 1.67 511 92.1 36.2

edixonoMnobraC OC 10.82 413- 022- 705 08.0 79.0

nobraC
edirolhcarteT

lCC 4 48.351 071 245 166 95.1 13.5

enirolhC lC 2 19.07 03- 58 192 9111 24.1 54.2

dicAcimorhC H2 OrC 4 30.811 12.1

dicAcirtiC C6H8O7 21.291 45.1

etafluSreppoC )1( OSuC 4 71.1

rehtE C( 2H5)2O 21.47 43 47.0 55.2

edirolhCcirreF )1( lCeF 3 32.1

eniroulF F2 00.83 503- 003 002- 908 11.1 13.1

edyhedlamroF H2 OC 30.03 6- 28.0 80.1

dicAcimroF OCH 2H 30.64 412 32.1

larufruF C5H4O2 80.69 423 61.1

enirecylG C3H8O3 90.29 455 62.1

locylG C2H6O2 70.26 783 11.1

muileH eH 300.4 454- 054- 33 81.0 41.0

dicAcirolhcordyH lCH 74.63 511- 46.1

dicAciroulfordyH FH 10.02 66 9.0 644 29.0

negordyH H2 610.2 224- 004- 881 70.0 )3( 70.0

negordyH
edirolhC

lCH 74.63 511- 316 521 8911 68.0 62.1

edifluSnegordyH H2S 70.43 67- 252 312 7031 97.0 71.1

lohoclAlyporposI C3H8O 90.06 081 87.0 80.2

liOdeesniL 835 39.0

dnuopmocfothgiewyb%52-noituloSsuoeuqA.1
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)deunitnoc(sdiulFsuoiraVfostnatsnoClacisyhP

DIULF ALUMROF
RALUCELOM

THGIEW

TNIOPGNILIOB
696.41TAF°(

)AISP

ROPAV
ERUSSERP

)GISP(F°07TA

LACITIRC
ERUTAREPMET

)F°(

LACITIRC
ERUSSERP

)AISP(

YTIVARGCIFICEPS

F°06/F°06diuqiL saG

muisengaM
edirolhC )1( lCgM 2 22.1

yrucreM gH 16.002 076 6.31 39.6

edimorBlyhteM HC 3 rB 59.49 83 31 673 37.1 72.3

edirolhClyhteM HC 3 lC 94.05 11- 95 092 969 99.0 47.1

enelahthpaN C 01 H8 61.821 424 41.1 34.4

dicAcirtiN ONH 3 20.36 781 5.1

negortiN N2 20.82 023- 332- 394 18.0 )3( 79.0

elbategeV,liO 49.0-19.0

negyxO O2 23 792- 181- 737 41.1 )3( 501.1

enegsohP lCOC 2 29.89 74 7.01 063 328 93.1 24.3

dicAcirohpsohP H3 OP 4 00.89 514 38.1

muissatoP
etanobraC )1(

K2 OC 3 42.1

muissatoP
edirolhC )1(

lCK 61.1

muissatoP
edixordyH )1(

HOK 42.1

11tnaregirfeR lCC 3F 83.731 57 4.31 883 536 40.5

21tnaregirfeR lCC 2F2 39.021 22- 2.07 432 795 2.4

31tnaregirfeR FlCC 3 74.401 511- 7.854 48 165

12tnaregirfeR lCHC 2F 39.201 84 4.8 353 057 28.3

22tnaregirfeR FlCHC 2 84.68 14- 5.221 502 617

32tnaregirfeR FHC 3 20.07 911- 536 19 196

muidoS
edirolhC )1(

lCaN 91.1

muidoS
edixordyH )1(

HOaN 72.1

etafluSmuidoS )1( aN 2 OS 4 42.1

muidoS
etaflusoihT )1(

aN 2 OS 3 32.1

hcratS C( 6H 01 O5 x) 05.1

snoituloSraguS )1( C 21 H 22 O 11 01.1

dicAcirufluS H2 OS 4 80.89 626 38.1

edixoiDrefluS OS 2 6.46 41 4.43 613 5411 93.1 12.2

enitnepruT 023 78.0

retaW H2O 610.81 212 2949.0 )2( 607 8023 00.1 26.0

edirolhCcniZ )1( lCnZ 2 42.1

etafluScniZ )1( OSnZ 4 13.1

dnuopmocfothgiewyb%52-noituloSsuoeuqA.1
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retaWfoseitreporP

erutarepmeT
)F°(retaWfo

noitarutaS
sdnuoP(erusserP

hcnIerauqSrep
)etulosbA

thgieW
repsdnuoP(

)nollaG

ytivarGcificepS
F°06/F°06

noisrevnoC
,rotcaF )1(

MPGot.rH/.sbL

23 5880.0 543.8 3100.1 99100.0

04 7121.0 543.8 3100.1 99100.0

05 1871.0 043.8 7000.1 99100.0

06 3562.0 433.8 0000.1 99100.0

07 1363.0 523.8 9899.0 00200.0

08 9605.0 413.8 6799.0 00200.0

09 2896.0 303.8 3699.0 00200.0

001 2949.0 982.8 6499.0 10200.0

011 8472.1 762.8 9199.0 10200.0

021 4296.1 352.8 1099.0 10200.0

031 5222.2 722.8 2789.0 20200.0

041 6888.2 702.8 8489.0 30200.0

051 817.3 281.8 8189.0 30200.0

061 147.4 651.8 6879.0 40200.0

071 299.5 721.8 2579.0 50200.0

081 015.7 890.8 7179.0 50200.0

091 933.9 860.8 1869.0 60200.0

002 625.11 930.8 6469.0 70200.0

012 321.41 500.8 5069.0 80200.0

212 696.41 699.7 4959.0 80200.0

022 681.71 279.7 6659.0 90200.0

042 969.42 109.7 0849.0 01200.0

062 924.53 228.7 6839.0 11200.0

082 302.94 647.7 4929.0 51200.0

003 310.76 266.7 4919.0 71200.0

053 36.431 234.7 8198.0 42200.0

004 13.742 271.7 6068.0 23200.0

054 6.224 298.6 0728.0 14200.0

005 8.086 355.6 3687.0 45200.0

055 2.5401 231.6 8537.0 17200.0

006 9.2451 466.5 6976.0 49200.0

007 7.3903 326.3 7434.0 06400.0

repsnollagniwolftnelaviuqetegotrotcafehtybruohrepsdnuopniwolfylpitluM.1
.toofcibucrepsnollag84.7nodesabsinollagrepthgieW.etunim

maetSdetarutaSfoseitreporP

erusserPetulosbA muucaV
sehcnI(
)gHfo

.pmeT
t

(o )F

taeH
ehtfo
diuqiL

).bL/UTB(

taeHtnetaL
fo

noitaropavE
).bL/UTB(

taeHlatoT
fo

HmaetS g
).bL/UTB(

cificepS
emuloV

∇∇ ∇∇∇ cibuC(
).bL/.tF'PisP

sehcnI
gHfo

02.0
52.0
03.0
53.0
04.0
54.0

14.0
15.0
16.0
17.0
18.0
29.0

15.92
14.92
13.92
12.92
11.92
00.92

41.35
03.95
74.46
39.86
68.27
83.67

12.12
63.72
25.23
79.63
98.04
14.44

8.3601
3.0601
4.7501
9.4501
7.2501
7.0501

0.5801
7.7801
0.0901
9.1901
6.3901
1.5901

0.6251
3.5321
5.9301

5.898
9.197
5.807

05.0
06.0
07.0
08.0
09.0

20.1
22.1
34.1
36.1
38.1

09.82
07.82
94.82
92.82
90.82

85.97
12.58
80.09
83.49
42.89

06.74
12.35
70.85
63.26
12.66

8.8401
7.5401
9.2401
4.0401
3.8301

4.6901
9.8901
0.1011
8.2011
5.4011

4.146
0.045
9.664
7.114
4.863

0.1
2.1
4.1
6.1
8.1

40.2
44.2
58.2
62.3
66.3

88.72
84.72
70.72
66.62
62.62

47.101
29.701
62.311
99.711
32.221

07.96
78.57
02.18
19.58
41.09

3.6301
7.2301
6.9201
9.6201
5.4201

0.6011
6.8011
8.0111
8.2111
6.4111

6.333
9.082
0.342
3.412
8.191

0.2
2.2
4.2
6.2
8.2

70.4
84.4
98.4
92.5
07.5

58.52
44.52
30.52
36.42
22.42

80.621
26.921
98.231
49.531
97.831

99.39
25.79
97.001
38.301
86.601

2.2201
2.0201
3.8101
5.6101
8.4101

2.6111
7.7111
1.9111
3.0211
5.1211

37.371
58.851
83.641
87.531
56.621

0.3
5.3
0.4
5.4
0.5

11.6
31.7
41.8
61.9
81.01

18.32
97.22
87.12
67.02
47.91

84.141
75.741
79.251
38.751
42.261

73.901
64.511
68.021
17.521
31.031

2.3101
6.9001
4.6001
6.3001
0.1001

6.2211
1.5211
3.7211
3.9211
1.1311

17.811
27.201

36.09
61.18
25.37

5.5
0.6
5.6
0.7
5.7

02.11
22.21
32.31
52.41
72.51

27.81
07.71
96.61
76.51
56.41

03.661
60.071
65.371
58.671
49.971

91.431
69.731
74.141
67.441
68.741

5.899
2.699
1.499
1.299
2.099

7.2311
2.4311
6.5311
9.6311
1.8311

42.76
89.16
05.75
46.35
92.05

0.8
5.8
0.9
5.9
0.01

92.61
13.71
23.81
43.91
63.02

36.31
16.21
06.11
85.01

65.9

68.281
46.581
82.881
08.091
12.391

97.051
75.351
22.651
57.851
71.161

5.889
8.689
2.589
6.389
1.289

3.9311
4.0411
4.1411
3.2411
3.3411

43.74
37.44
04.24
13.04
24.83

0.11
0.21
0.31
0.41

04.22
34.42
74.62
05.82

25.7
94.5
54.3
24.1

57.791
69.102
88.502
65.902

37.561
69.961
19.371
16.771

3.979
6.679
2.479
9.179

0.5411
6.6411
1.8411
5.9411

41.53
04.23
60.03
40.82
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)deunitnoc(maetSdetarutaSfoseitreporP
erusserP

)ISP( .pmeT
t

)F°(

ehtfotaeH
diuqiL

).bL/UTB(

taeHtnetaL
fo

noitaropavE
).bL/UTB(

taeHlatoT
HmaetSfo g
).bL/UTB(

cificepS
emuloV

∇∇ ∇∇∇
).bL/.tF.uC(

erusserP
)ISP( .pmeT

t
)F°(

ehtfotaeH
diuqiL

).bL/UTB(

taeHtnetaL
fo

noitaropavE
).bL/UTB(

taeHlatoT
HmaetSfo g
).bL/UTB(

cificepS
emuloV

∇∇ ∇∇∇
).bL/.tF.uC(

etulosbA
'P

eguaG
P

etulosbA
'P

eguaG
P

696.41
0.51
0.61
0.71
0.81
0.91

0.0
3.0
3.1
3.2
3.3
3.4

00.212
30.312
23.612
44.912
14.222
42.522

70.081
11.181
24.481
65.781
65.091
24.391

3.079
7.969
6.769
5.569
6.369
9.169

4.0511
8.0511
0.2511
1.3511
2.4511
3.5511

08.62
92.62
27.42
93.32
71.22
80.12

0.57
0.67
0.77
0.87
0.97

3.06
3.16
3.26
3.36
3.46

06.703
05.803
04.903
92.013
61.113

34.772
73.872
03.972
12.082
21.182

5.409
7.309
1.309
4.209
7.109

9.1811
1.2811
4.2811
6.2811
8.2811

618.5
347.5
376.5
406.5
735.5

0.02
0.12
0.22
0.32
0.42

3.5
3.6
3.7
3.8
3.9

69.722
75.032
70.332
94.532
28.732

61.691
97.891
33.102
87.302
41.602

1.069
4.859
8.659
2.559
7.359

3.6511
2.7511
1.8511
0.9511
8.9511

980.02
291.91
573.81
726.71
839.61

0.08
0.18
0.28
0.38
0.48

3.56
3.66
3.76
3.86
3.96

30.213
98.213
47.313
95.413
24.513

20.282
19.282
97.382
66.482
35.582

1.109
4.009
7.998
1.998
5.898

1.3811
3.3811
5.3811
8.3811
0.4811

274.5
804.5
643.5
582.5
622.5

0.52
0.62
0.72
0.82
0.92

3.01
3.11
3.21
3.31
3.41

70.042
52.242
63.442
14.642
04.842

24.802
26.012
57.212
38.412
68.612

1.259
7.059
3.949
9.749
5.649

6.0611
3.1611
0.2611
7.2611
4.3611

303.61
517.51
071.51
366.41
981.41

0.58
0.68
0.78
0.88
0.98

3.07
3.17
3.27
3.37
3.47

52.613
70.713
88.713
86.813
84.913

93.682
42.782
80.882
19.882
47.982

8.798
2.798
5.698
9.598
3.598

2.4811
4.4811
6.4811
8.4811
1.5811

861.5
111.5
550.5
100.5
849.4

0.03
0.13
0.23
0.33
0.43

3.51
3.61
3.71
3.81
3.91

33.052
22.252
50.452
48.552
85.752

28.812
37.022
95.222
14.422
81.622

3.549
0.449
8.249
6.149
3.049

1.4611
7.4611
4.5611
0.6611
5.6611

647.31
033.31
049.21
275.21
622.21

0.09
0.19
0.29
0.39
0.49

3.57
3.67
3.77
3.87
3.97

72.023
60.123
38.123
06.223
63.323

65.092
83.192
81.292
89.292
87.392

7.498
1.498
5.398
9.298
3.298

3.5811
5.5811
7.5811
9.5811
1.6811

698.4
548.4
697.4
747.4
996.4

0.53
0.63
0.73
0.83
0.93

3.02
3.12
3.22
3.32
3.42

82.952
59.062
75.262
61.462
27.562

19.722
06.922
62.132
98.232
84.432

2.939
0.839
9.639
8.539
7.439

1.7611
6.7611
2.8611
7.8611
2.9611

898.11
885.11
492.11
051.11
057.01

0.59
0.69
0.79
0.89
0.99

3.08
3.18
3.28
3.38
3.48

21.423
78.423
16.523
53.623
80.723

65.492
43.592
21.692
98.692
56.792

7.198
1.198
5.098
9.988
4.988

2.6811
4.6811
6.6811
8.6811
0.7811

256.4
606.4
165.4
715.4
474.4

0.04
0.14
0.24
0.34
0.44

3.52
3.62
3.72
3.82
3.92

52.762
47.862
12.072
46.172
50.372

30.632
55.732
40.932
15.042
59.142

7.339
6.239
6.139
6.039
6.929

7.9611
2.0711
7.0711
1.1711
6.1711

894.01
852.01
920.01

018.9
106.9

0.001
0.101
0.201
0.301
0.401

3.58
3.68
3.78
3.88
3.98

18.723
35.823
52.923
69.923
66.033

04.892
51.992
09.992
46.003
73.103

8.888
2.888
6.788
1.788
5.688

2.7811
4.7811
5.7811
7.7811
9.7811

234.4
193.4
053.4
013.4
172.4

0.54
0.64
0.74
0.84
0.94

3.03
3.13
3.23
3.33
3.43

44.472
08.572
31.772
54.872
47.972

63.342
57.442
21.642
74.742
97.842

6.829
7.729
7.629
8.529
9.429

0.2711
4.2711
9.2711
3.3711
7.3711

104.9
902.9
520.9
848.8
876.8

0.501
0.601
0.701
0.801
0.901

3.09
3.19
3.29
3.39
3.49

63.133
50.233
47.233
24.333
01.433

01.203
28.203
45.303
62.403
79.403

0.688
4.588
9.488
3.488
7.388

1.8811
2.8811
4.8811
6.8811
7.8811

232.4
491.4
751.4
021.4
480.4

0.05
0.15
0.25
0.35
0.45

3.53
3.63
3.73
3.83
3.93

10.182
62.282
94.382
07.482
09.582

90.052
73.152
36.252
78.352
90.552

0.429
0.329
2.229
3.129
5.029

1.4711
4.4711
8.4711
2.5711
6.5711

515.8
953.8
802.8
260.8
229.7

0.011
0.111
0.211
0.311
0.411

3.59
3.69
3.79
3.89
3.99

77.433
44.533
11.633
77.633
24.733

66.503
73.603
60.703
57.703
34.803

2.388
6.288
1.288
6.188
1.188

9.8811
0.9811
2.9811
4.9811
5.9811

940.4
510.4
189.3
749.3
419.3

0.55
0.65
0.75
0.85
0.95

3.04
3.14
3.24
3.34
3.44

70.782
82.882
73.982
05.092
16.192

03.652
05.752
76.852
28.952
69.062

6.919
8.819
9.719
1.719
3.619

9.5711
3.6711
6.6711
9.6711
3.7711

787.7
656.7
925.7
704.7
982.7

0.511
0.611
0.711
0.811
0.911

3.001
3.101
3.201
3.301
3.401

70.833
27.833
63.933
99.933
26.043

11.903
97.903
64.013
21.113
87.113

6.088
0.088
5.978
0.978
4.878

7.9811
8.9811
0.0911
1.0911
2.0911

288.3
058.3
918.3
887.3
857.3

0.06
0.16
0.26
0.36
0.46

3.54
3.64
3.74
3.84
3.94

17.292
97.392
58.492
09.592
49.692

90.262
02.362
03.462
83.562
54.662

5.519
7.419
9.319
1.319
3.219

6.7711
9.7711
2.8711
5.8711
8.8711

571.7
460.7
759.6
358.6
257.6

0.021
0.121
0.221
0.321
0.421

3.501
3.601
3.701
3.801
3.901

52.143
88.143
05.243
11.343
27.343

44.213
01.313
57.313
04.413
40.513

9.778
4.778
9.678
4.678
9.578

4.0911
5.0911
7.0911
8.0911
9.0911

827.3
996.3
076.3
246.3
416.3

0.56
0.66
0.76
0.86
0.96

3.05
3.15
3.25
3.35
3.45

79.792
99.892
99.992
89.003
69.103

05.762
55.862
85.962
06.072
16.192

6.119
8.019
1.019
4.909
7.809

1.9711
4.9711
7.9711
0.0811
3.0811

556.6
065.6
864.6
873.6
192.6

0.521
0.621
0.721
0.821
0.921

3.011
3.111
3.211
3.311
3.411

33.443
49.443
45.543
31.643
37.643

86.513
13.613
49.613
75.713
91.813

4.578
9.478
4.478
9.378
4.378

1.1911
2.1911
3.1911
5.1911
6.1911

785.3
065.3
335.3
705.3
184.3

0.07
0.17
0.27
0.37
0.47

3.55
3.65
3.75
3.85
3.95

29.203
88.303
38.403
67.503
86.603

16.272
06.372
75.472
45.572
94.672

9.709
2.709
5.609
8.509
1.509

6.0811
8.0811
1.1811
3.1811
6.1811

602.6
421.6
440.6
669.5
098.5

0.031
0.131
0.231
0.331
0.431

3.511
3.611
3.711
3.811
3.911

23.743
09.743
84.843
60.943
46.943

18.813
34.913
40.023
56.023
52.123

9.278
5.278
0.278
5.178
0.178

7.1911
9.1911
0.2911
1.2911
2.2911

554.3
034.3
504.3
183.3
753.3
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)deunitnoc(maetSdetarutaSfoseitreporP
erusserP

)ISP( .pmeT
t

)F°(

ehtfotaeH
diuqiL

).bL/UTB(

taeHtnetaL
fo

noitaropavE
).bL/UTB(

taeHlatoT
HmaetSfo g
).bL/UTB(

cificepS
emuloV

∇∇ ∇∇∇
).bL/.tF.uC(

erusserP
)ISP( .pmeT

t
)F°(

ehtfotaeH
diuqiL

).bL/UTB(

taeHtnetaL
fo

noitaropavE
).bL/UTB(

taeHlatoT
HmaetSfo g
).bL/UTB(

cificepS
emuloV

∇∇ ∇∇∇
).bL/.tF.uC(

etulosbA
'P

eguaG
P

etulosbA
'P

eguaG
P

0.531
0.631
0.731
0.831
0.931

3.021
3.121
3.221
3.321
3.421

12.053
87.053
53.153
19.153
74.253

58.123
54.223
50.323
46.323
32.423

6.078
1.078
6.968
1.968
7.868

4.2911
5.2911
6.2911
7.2911
9.2911

333.3
013.3
782.3
462.3
242.3

0.004
0.024
0.044
0.064
0.084

3.583
3.504
3.524
3.544
3.564

95.444
93.944
20.454
05.854
28.264

0.424
4.924
6.434
7.934
6.444

5.087
2.577
0.077
9.467
9.957

5.4021
6.4021
6.4021
6.4021
5.4021

3161.1
1601.1
6550.1
4900.1
0769.0

0.041
0.141
0.241
0.341
0.441

3.521
3.621
3.721
3.821
3.921

20.353
75.353
21.453
76.453
12.553

28.423
04.523
89.523
65.623
31.723

2.868
7.768
2.768
7.668
3.668

0.3911
1.3911
2.3911
3.3911
4.3911

022.3
891.3
771.3
551.3
431.3

0.005
0.025
0.045
0.065
0.085

3.584
3.505
3.525
3.545
3.565

10.764
70.174
10.574
58.874
85.284

4.944
1.454
6.854
0.364
4.764

0.557
1.057
4.547
8.047
1.637

4.4021
2.4021
0.4021
8.3021
5.3021

8729.0
5187.0
8758.0
5628.0
3797.0

0.541
0.641
0.741
0.841
0.941

3.031
3.131
3.231
3.331
3.431

67.553
92.653
38.653
63.753
98.753

07.723
72.823
38.823
93.923
59.923

8.568
3.568
9.468
5.468
0.468

5.3911
6.3911
8.3911
9.3911
0.4911

411.3
490.3
470.3
450.3
430.3

0.006
0.026
0.046
0.066
0.086

3.585
3.506
3.526
3.546
3.566

12.684
57.984
12.394
85.694
88.994

6.174
7.574
8.974
8.384
7.784

6.137
2.727
7.227
3.817
0.417

2.3021
9.2021
5.2021
1.2021
7.1021

8967.0
0447.0
8917.0
1796.0
7576.0

0.051
0.251
0.451
0.651
0.851

3.531
3.731
3.931
3.141
3.341

24.853
64.953
94.063
25.163
35.263

15.033
16.133
07.233
97.333
68.433

6.368
7.268
8.158
9.068
0.068

1.4911
3.4911
5.4911
7.4911
9.4911

510.3
779.2
049.2
409.2
968.2

0.007
0.027
0.047
0.067
0.087

3.586
3.507
3.527
3.547
3.567

01.305
52.605
43.905
63.215
33.505

5.194
3.594
0.994
6.205
2.605

7.907
4.507
2.107
1.796
9.296

2.1021
7.0021
2.0021
7.9911
1.9911

4556.0
2636.0
0816.0
7006.0
3485.0

0.061
0.261
0.461
0.661
0.861

3.541
3.741
3.941
3.151
3.351

35.363
35.463
15.563
84.663
54.763

39.533
89.633
20.833
50.933
70.043

2.958
3.858
5.758
6.658
7.558

1.5911
3.5911
5.5911
7.5911
8.5911

438.2
108.2
867.2
637.2
507.2

0.008
0.028
0.048
0.068
0.088

3.587
3.508
3.528
3.548
3.568

32.815
80.125
88.325
36.625
33.925

7.905
2.315
6.615
0.025
3.325

9.886
8.486
8.086
8.676
8.276

6.8911
0.8911
4.7911
8.6911
1.6911

7865.0
8355.0
6935.0
0625.0
0315.0

0.071
0.271
0.471
0.671
0.871

3.551
3.751
3.951
3.161
3.361

14.863
53.963
92.073
22.173
41.273

90.143
01.243
01.343
90.443
60.543

9.458
1.458
3.358
4.258
6.158

0.6911
2.6911
4.6911
5.6911
7.6911

576.2
546.2
616.2
785.2
955.2

0.009
0.029
0.049
0.069
0.089

3.588
3.509
3.529
3.549
3.569

89.135
95.435
61.735
86.935
71.245

6.625
8.925
0.335
2.635
3.935

8.866
9.466
0.166
1.756
3.356

4.5911
7.4911
0.4911
3.3911
6.2911

6005.0
6884.0
2774.0
3664.0
7554.0

0.081
0.281
0.481
0.681
0.881

3.561
3.761
3.961
3.171
3.371

60.373
69.373
68.473
57.573
46.673

30.643
00.743
69.743
29.843
68.943

8.058
0.058
2.948
4.848
6.748

9.6911
0.7911
2.7911
3.7911
5.7911

235.2
505.2
974.2
454.2
924.2

0.0001
0.0501
0.0011
0.0511
0.0021

3.589
3.5301
3.5801
3.5311
3.5811

16.445
75.055
13.655
68.165
22.765

4.245
0.055
4.755
6.4565

7.175

4.946
9.936
4.036
0.126
7.116

8.1911
9.9811
8.7811
6.5811
4.3811

6544.0
8124.0
1004.0
2083.0

916.0
0.091
0.291
0.491
0.691
0.891

3.571
3.771
3.971
3.181
3.381

15.773
83.873
42.973
01.083
59.083

97.053
27.153
46.253
55.353
64.453

8.648
1.648
3.548
5.448
7.348

6.7911
8.7911
9.7911
1.8911
2.8911

404.2
083.2
653.2
333.2
013.2

0.0521
0.0031
0.0531
0.0041
0.0541

3.5321
3.5821
3.5331
3.5831
3.5341

24.275
64.775
53.285
01.785
37.195

6.875
4.585
1.295
7.895
2.506

4.206
2.395
0.485
7.475
5.565

0.1811
6.8711
1.6711
4.3711
7.0711

0543.0
3923.0
8413.0
2103.0
4882.0

0.002
0.502
0.012
0.512
0.022

3.581
3.091
3.591
3.002
3.502

97.183
68.383
09.583
98.783
68.983

63.553
85.753
77.953
19.163
20.463

0.348
0.148
2.938
4.738
6.538

4.8911
7.8911
0.9911
3.9911
6.9911

882.2
432.2
381.2
431.2
780.2

0.0051
0.0061
0.0071
0.0081
0.0091

3.5841
3.5851
3.5861
3.5871
3.5881

32.695
09.406
51.316
30.126
85.826

6.116
1.426
3.636
3.846
1.066

3.655
0.835
6.915
1.105
4.284

9.7611
1.2611
9.5511
4.9411
4.2411

5672.0
8452.0
4532.0
9712.0
1202.0

0.522
0.032
0.532
0.042
0.542

3.012
3.512
3.022
3.522
3.032

97.193
86.393
45.593
73.793
81.993

90.663
31.863
41.073
21.273
80.473

8.338
0.238
3.038
5.828
8.628

9.9911
1.0021
4.0021
6.0021
9.0021

2240.2
2999.1
9759.1
3819.1
3088.1

0.0002
0.0012
0.0022
0.0032
0.0042

3.5891
3.5802
3.5812
3.5822
3.5832

28.536
77.246
64.946
19.556
21.266

7.176
3.386
8.496
5.607
4.817

4.364
1.444
4.424
9.304
7.283

1.5311
4.7211
2.9111
4.0111
1.1011

8781.0
6471.0
5261.0
3151.0
7041.0

0.052
0.552
0.062
0.562
0.072

3.532
3.042
3.542
3.052
3.552

59.004
07.204
24.404
11.604
87.704

00.673
98.773
67.973
06.183
24.383

1.528
4.328
8.128
1.028
5.818

1.1021
3.1021
5.1021
7.1021
9.1021

8348.1
6808.1
8477.1
2247.1
7017.1

0.0052
0.0062
0.0072
0.0082
0.0092

3.5842
3.5852
3.5862
3.5872
3.5882

31.866
49.376
55.976
99.486
62.096

6.037
0.347
2.657
1.077
4.587

5.063
2.733
1.213
7.482
6.352

1.1901
2.0801
3.8601
8.4501
0.9301

7031.0
3121.0
3211.0
5301.0
7490.0

0.572
0.082
0.582
0.092
0.592

3.062
3.562
3.072
3.572
3.082

34.904
50.114
56.214
32.414
97.514

12.583
89.683
37.883
64.093
61.293

9.618
3.518
7.318
1.218
5.018

1.2021
3.2021
4.2021
6.2021
7.2021

4086.1
1156.1
8226.1
4595.1
9865.1

0.0003
0.0013
0.0023
2.6023

3.5892
3.5803
3.5813
5.1913

63.596
13.007
11.507
04.507

5.208
0.528
4.278
7.209

8.712
1.861

0.26
0.0

3.0201
1.399
4.439
7.209

8580.0
3570.0
0850.0
3050.0

0.003
0.023
0.043
0.063
0.083

3.582
3.503
3.523
3.543
3.563

33.714
92.324
79.824
04.434
06.934

48.393
93.004
66.604
76.214
54.814

0.908
0.308
1.797
4.797
8.587

8.2021
4.3021
7.3021
1.4021
3.4021

3345.1
5844.1
5463.1
5982.1
2222.1
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K,ERUTAREPMET RAB,ERUSSERP
m,EMULOV 3 gk/ gk/Jk,YPLAHTNE )Kxgk(/Jk,YPORTNE

desnednoC ropaV desnednoC ropaV desnednoC ropaV

051 11-03.6 3-370.1 9+55.9 6.935- 3722 781.2- 45.61

061
071
081
091
002

01-27.7
9-92.7
8-83.5
7-32.3
6-26.1

3-470.1
3-670.1
3-770.1
3-870.1
3-970.1

8+26.9
8+80.1
7+55.1
6+27.2
5+96.5

7.525-
7.115-
8.794-
8.384-
5.764-

1922
0132
8232
7432
6632

601.2-
620.2-
749.1-
868.1-
987.1-

94.51
75.41
67.31
30.61
83.21

012
022
032
042
052

6-10.7
5-56.2
5-19.8
4-27.3
4-95.7

3-180.1
3-280.1
3-480.1
3-580.1
3-780.1

5+93.1
4+38.3
4+81.1
3+70.4
3+25.1

2.154-
0.534-
3.614-
1.004-
5.813-

4832
3042
1242
0442
9542

117.1-
336.1-
555.1-
874.1-
004.1-

97.11
02.11
97.01
53.01
459.9

552
062
562
072

51.372

3-32.1
3-69.1
3-60.3
3-96.4
3-11.6

3-780.1
3-880.1
3-980.1
3-090.1
3-190.1

4.659
2.216
4.004
4.562
3.602

8.963-
5.063-
2.153-
6.933-
5.333-

8642
7742
6842
6942
2052

163.1-
323.1-
182.1-
692.1-
122.1-

867.9
095.9
164.9
552.9
851.9

51.372
572
082
582
092

11600.0
79600.0
09900.0
78310.0
71910.0

3-000.1
3-000.1
3-000.1
3-000.1
3-100.1

3.602
7.181
4.031

4.99
7.96

0.0
8.7
8.82
8.94
7.07

2052
5052
4152
3252
2352

000.0
820.0
401.0
871.0
152.0

851.9
901.9
098.8
758.8
047.8

592
003
503
013
513

71620.0
13530.0
21740.0
12260.0
23180.0

3-200.1
3-300.1
3-500.1
3-700.1
3-900.1

49.15
31.93
09.72
39.22
28.71

6.19
5.211
4.331
3.451
2.571

1452
0552
9552
8652
7752

323.0
393.0
264.0
035.0
795.0

726.8
025.8
714.8
813.8
422.8

023
523
033
533
043

35010.0
15310.0
91710.0
76120.0
31720.0

3-110.1
3-310.1
3-610.1
3-810.1
3-120.1

89.31
60.11

28.8
90.7
47.5

1.691
0.712
9.732
8.852
8.972

6852
5952
4062
3162
2262

946.0
727.0
197.0
458.0
619.0

151.8
640.8
269.7
188.7
408.7

543
053
553
063
563

2733.0
3614.0
0015.0
9026.0
4157.0

3-420.1
3-720.1
3-030.1
3-430.1
3-830.1

386.4
648.3
081.3
546.2
212.2

7.003
7.123
7.243
7.363
7.483

0362
9362
7462
5562
3662

779.0
830.1
790.1
651.1
412.1

927.7
756.7
885.7
125.7
654.7

073
51.373

573
083
583

0409.0
3310.1
5180.1
9682.1
3325.1

3-140.1
3-440.1
3-540.1
3-940.1
3-350.1

168.1
976.1
475.1
733.1
241.1

8.504
1.914
8.624
0.844
2.964

1762
6762
9762
7862
4962

172.1
703.1
823.1
483.1
934.1

493.7
653.7
333.7
572.7
812.7

093
004
014
024
034

497.1
554.2
203.3
073.4
996.5

3-850.1
3-760.1
3-770.1
3-880.1
3-990.1

089.0
137.0
355.0
524.0
133.0

4.094
9.235
6.575
6.816
8.166

2072
6172
9272
2472
3572

494.1
506.1
807.1
018.1
119.1

361.7
850.7
959.6
568.6
577.6

044
054
064
074
084

333.7
913.9
17.11
55.41
09.71

3-011.1
3-321.1
3-731.1
3-251.1
3-761.1

162.0
802.0
761.0
631.0
111.0

3.507
2.947
5.397
2.838
4.388

4672
3772
2872
9872
5972

110.2
901.2
502.2
103.2
593.2

986.6
706.6
825.6
154.6
773.6

094
005
015
025
035

38.12
04.62
66.13
07.73
85.44

3-481.1
3-302.1
3-222.1
3-442.1
3-862.1

2290.0
6770.0
1360.0
5250.0
5440.0

1.929
6.579
3201
1701
9111

9972
1082
2082
1082
8972

974.2
185.2
376.2
567.2
658.2

213.6
332.6
361.6
390.6
320.6

045
055
065
075
085

83.25
91.16
80.17
61.28
15.49

3-492.1
3-323.1
3-553.1
3-293.1
3-334.1

5730.0
7130.0
9620.0
8220.0
3910.0

0711
0221
3721
8231
4831

2972
4872
2772
7572
7372

849.2
930.3
231.3
522.3
123.3

359.5
288.5
808.5
337.5
456.5

095
006
016
026
526

3.801
5.321
3.731
1.951
1.961

3-284.1
3-145.1
3-216.1
3-507.1
3-877.1

3610.0
7310.0
5110.0
4900.0
5800.0

3441
6051
3751
7461
7961

7172
2862
1462
8852
5552

914.3
025.3
726.3
147.3
508.3

965.5
084.5
813.5
952.5
191.5

036
536
046
546

13.746

1.971
9.091
7.202
2.512
2.122

3-658.1
3-539.1
3-570.2
3-153.2
3-071.3

5700.0
6600.0
7500.0
5400.0
2300.0

4371
3871
1481
1391
7012

5152
6642
1042
2922
7012

578.3
059.3
730.4
322.4
344.4

511.5
520.5
219.4
237.4
344.4
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)ISP( .TAS
.PMET

t

(F°—ERUTAREPMETLATOT t)

etulosbA
'P

eguaG
P

°063 °004 °044 °084 °005 °006 °007 °008 °009 °0001 °0021

696.41 0.0 00.212 ∇
hg

30.33
1.1221

86.43
9.9321

23.63
8.8521

69.73
6.7721

87.83
1.7821

68.24
8.4331

49.64
2.3831

00.15
3.2341

70.55
3.2841

31.95
1.3351

52.76
5.7361

0.02 3.5 69.722 ∇
hg

12.42
3.0221

34.52
2.9321

56.62
2.8521

68.72
1.7721

64.82
6.6821

74.13
4.4331

74.43
9.2831

64.73
1.2341

54.04
1.2841

44.34
0.3351

14.94
4.7361

0.03 3.51 33.052 ∇
hg

270.61
6.8121

798.61
9.7321

417.71
0.7521

825.81
2.6721

339.81
7.5821

59.02
8.3331

69.22
4.2831

69.42
71.1341

59.62
8.1841

59.82
7.2351

39.23
2.7361

0.04 3.52 52.762 ∇
hg

100.21
9.6121

826.21
5.6321

742.31
9.5521

269.31
2.5721

861.41
8.4821

886.51
1.3331

891.71
9.1831

207.81
3.1341

02.02
4.1841

07.12
4.2351

96.42
0.7361

0.05 3.53 10.182 ∇
hg

755.9
2.5121

560.01
1.5321

765.01
7.4521

260.11
2.4721

903.11
9.3821

235.21
5.2331

447.31
4.1831

059.41
9.0341

251.61
1.1841

253.71
1.2351

747.91
8.6361

0.06 3.54 17.292 ∇
hg

729.7
4.3121

753.8
6.3321

977.8
5.3521

691.9
2.3721

304.9
0.3821

724.01
8.1331

144.11
9.0831

944.21
5.0341

254.31
8.0841

454.41
9.1351

154.61
6.6361

0.07 3.55 29.203 ∇
hg

267.6
5.1121

631.7
1.2321

205.7
3.2521

368.7
2.2721

140.8
0.2821

429.8
1.1331

697.9
4.0831

266.01
1.0341

425.11
5.0841

383.21
6.1351

790.41
3.6361

0.08 3.56 30.213 ∇
hg

888.5
7.9021

022.6
7.0321

445.6
1.1521

268.6
1.1721

020.7
1.1821

797.7
5.0331

265.8
9.9731

223.9
7.9241

770.01
1.0841

038.01
3.1351

233.21
2.6361

0.09 3.57 72.023 ∇
hg

802.5
7.7021

805.5
1.9221

997.5
8.9421

480.6
1.0721

522.6
1.0821

029.6
8.9231

306.7
4.9731

972.8
3.9241

259.8
8.9741

326.9
0.1351

959.01
9.5361

0.001 3.58 18.723 ∇
hg

366.4
7.5021

739.4
6.7221

202.5
6.8421

264.5
0.9621

985.5
1.9721

812.6
1.9231

538.6
9.8731

644.7
9.8241

250.8
5.9741

656.8
8.0351

068.9
7.5361

0.021 3.501 52.143 ∇
hg

448.3
6.1021

180.4
4.4221

703.4
0.6421

725.4
9.6621

636.4
2.7721

561.5
7.7231

386.5
8.7731

591.6
1.8241

207.6
8.8741

702.7
2.0351

212.8
3.5361

0.041 3.521 20.353 ∇
hg

852.3
3.7911

864.3
1.1221

766.3
3.3421

068.3
7.4621

459.3
2.5721

314.4
4.6231

168.4
8.6731

103.5
2.7241

837.5
2.8741

271.6
7.9251

530.7
9.4361

0.061 3.541 35.363 ∇
hg

---
---

800.3
6.7121

781.3
6.0421

953.3
4.2621

344.3
1.3721

948.3
0.5231

442.4
7.5731

136.4
4.6241

510.5
5.7741

693.5
1.9251

251.6
5.4361

0.081 3.561 60.373 ∇
hg

---
---

946.2
0.4121

318.2
8.7321

969.2
2.0621

440.3
0.1721

114.3
5.3231

469.3
7.4731

011.4
6.5241

254.4
8.6741

297.4
6.8251

664.5
1.4361

0.002 3.581 97.183 ∇
hg

---
---

163.2
3.0121

315.2
9.4321

656.2
8.7521

627.2
9.8621

060.3
1.2231

083.3
6.3731

396.3
8.4241

200.4
2.6741

903.4
0.8251

719.4
7.3361

0.022 3.502 68.983 ∇
hg

---
---

521.2
5.6021

762.2
9.1321

004.2
4.5521

564.2
7.6621

277.2
7.0231

660.3
6.2731

253.3
0.4241

436.3
5.5741

319.3
5.7251

764.4
3.3361

0.042 3.522 73.793 ∇
hg

---
---

6729.1
5.2021

260.2
8.8221

781.2
0.3521

742.2
5.4621

335.2
2.9131

408.2
5.1731

860.3
2.2341

723.3
8.4741

485.3
9.6251

390.4
9.2361

0.062 3.542 24.404 ∇
hg

---
---

---
---

2888.1
7.5221

600.2
5.0521

360.2
3.2621

033.2
7.7131

285.2
4.0731

728.2
3.2241

760.3
2.4741

503.3
3.6251

677.3
5.2361

0.082 3.562 50.114 ∇
hg

---
---

---
---

8837.1
4.2221

2158.1
9.7421

7409.1
0.0621

651.2
2.6131

293.2
4.9631

126.2
5.1241

548.2
5.3741

660.3
8.5251

405.3
1.2361

0.003 3.582 33.714 ∇
hg

---
---

---
---

0906.1
1.9121

5617.1
3.5421

5767.1
6.7521

500.2
7.4131

722.2
3.8631

244.2
6.0241

256.2
8.2741

958.2
2.5251

962.3
7.1361

0.023 3.503 92.324 ∇
hg

---
---

---
---

0594.1
6.5121

5895.1
6.2421

2746.1
2.5521

4378.1
2.3131

380.2
2.7631

582.2
8.9141

384.2
1.2741

876.2
7.4251

360.3
3.1361

0.043 3.523 79.824 ∇
hg

---
---

---
---

1493.1
1.2121

1494.1
9.9321

0145.1
8.2521

9657.1
6.1131

2659.1
1.6631

741.2
0.9141

433.2
5.1741

815.2
1.4251

188.2
9.0361

0.063 3.543 04.343 ∇
hg

---
---

---
---

1403.1
4.8021

2104.1
1.7321

4644.1
3.0521

3356.1
1.0131

1348.1
0.5631

520.2
1.8141

202.2
8.0741

673.2
5.3251

917.2
5.0361

∇ dnuoprepteefcibuc,emulovcificeps=
hg dnuoprepUTB,maetsfotaehlatot=
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)deunitnoc(maetSdetaehrepuSfoseitreporP
ERUSSERP

)ISP( .TAS
.PMET

t

(F°—ERUTAREPMETLATOT t)

etulosbA
'P

eguaG
P

°005 °045 °006 °046 °066 °007 °047 °008 °009 °0001 °0021

0.083 3.563 06.934
∇
γη

6163.1
7.7421

4444.1
1.3721

5065.1
5.8031

5436.1
0.1331

7076.1
0.2431

9147.1
8.3631

8118.1
3.5831

9419.1
3.7141

380.2
1.0741

942.2
0.3251

575.2
0.0361

0.004 3.583 95.444 ∇
hg

1582.1
1.5421

2563.1
0.1721

0774.1
9.6031

0845.1
6.9231

7285.1
8.0431

8056.1
7.2631

7717.1
3.4831

1618.1
4.6141

7679.1
4.9641

431.2
4.2251

544.2
6.9261

0.024 3.504 93.944 ∇
hg

8512.1
5.2421

5392.1
9.8621

4104.1
3.5031

7964.1
3.8231

0305.1
5.9331

4865.1
6.1631

4236.1
3.3831

7627.1
5.5141

2088.1
7.8641

130.2
9.1251

723.2
2.9261

0.044 3.524 20.454 ∇
hg

6251.1
8.9321

2822.1
7.6621

7233.1
6.3031

4893.1
9.6231

6034.1
2.8331

4394.1
4.0631

9455.1
3.2831

4546.1
7.4141

5297.1
1.8641

8639.1
3.1251

022.2
8.8261

0.064 3.544 5.854 ∇
hg

8490.1
0.7321

5861.1
5.4621

8962.1
0.2031

4333.1
4.5231

4463.1
9.6331

0524.1
3.9531

2484.1
3.1831

1175.1
8.3141

4217.1
4.7641

8058.1
7.0251

221.2
4.8261

0.084 3.564 28.264 ∇
hg

7140.1
2.4321

8311.1
3.2621

2212.1
3.0031

7372.1
0.4231

8303.1
6.5331

2263.1
2.8531

3914.1
3.0831

1305.1
9.2141

0936.1
7.6641

0277.1
2.0251

330.2
0.8261

0.005 3.584 10.764 ∇
hg

7299.0
3.1321

3360.1
0.0621

1951.1
6.8921

8812.1
6.2231

8742.1
2.4331

4403.1
0.7531

6953.1
3.9731

5044.1
1.2141

5175.1
0.6641

6996.1
6.9151

4059.1
6.7261

0.025 3.505 70.174 ∇
hg

3749.0
3.8221

6610.1
7.7521

1011.1
9.6921

1861.1
1.1231

2691.1
9.2331

1152.1
8.5531

5403.1
2.8731

6283.1
2.1141

1905.1
3.5641

636.1
0.9151

3478.1
2.7261

0.045 3.525 10.574 ∇
hg

2509.0
3.5221

3379.0
4.5521

6460.1
2.5921

1121.1
7.9131

5841.1
5.1331

7102.1
6.4531

5352.1
2.7731

1923.1
3.0141

4154.1
6.4641

7075.1
5.8151

9308.1
8.6261

0.065 3.545 58.874 ∇
hg

9568.0
2.2221

0339.0
0.3521

4220.1
4.3921

5770.1
2.8131

1401.1
2.0331

8551.1
5.3531

0602.1
1.6731

4972.1
4.9041

8793.1
9.3641

2315.1
9.7151

5837.1
4.6261

0.085 3.565 85.284 ∇
hg

1928.0
0.9121

4598.0
5.0521

0389.0
7.1921

8630.1
7.6131

7260.1
8.8231

1331.1
3.2531

9161.1
1.5731

1332.1
6.8041

9743.1
2.3641

6954.1
3.7151

6776.1
0.6261

0.006 3.585 12.684 ∇
hg

7497.0
7.5121

2068.0
1.8421

3649.0
9.9821

8899.0
2.5131

1420.1
4.7231

2370.1
1.1531

7021.1
0.4731

9981.1
7.7041

3103.1
5.2641

6904.1
7.6151

8026.1
5.5261

0.026 0.506 57.984 ∇
hg

4267.0
4.2121

2728.0
5.5421

8119.0
1.8821

3369.0
7.3131

0889.0
0.6231

8530.1
9.9431

1280.1
0.3731

4941.1
8.6041

7752.1
8.1641

8263.1
2.6151

6765.1
1.5261

0.046 3.526 12.394 ∇
hg

9137.0
0.9021

3697.0
0.3421

5978.0
2.6921

9929.0
2.2131

1459.0
6.4231

8000.1
6.8431

9540.1
9.1731

5111.1
9.5041

8612.1
1.1641

0913.1
6.5151

8715.1
7.4261

0.066 3.546 85.694 ∇
hg

2307.0
4.5021

0767.0
4.0421

1948.0
4.4821

5898.0
6.0131

2229.0
2.3231

9769.0
4.7431

9110.1
8.0731

9570.1
0.5041

4871.1
4.0641

8772.1
0.5151

9074.1
3.4261

0.086 3.566 88.994 ∇
hg

9576.0
8.1021

5937.0
7.7321

5028.0
5.2821

0968.0
1.9031

2298.0
7.1231

9639.0
2.6431

0089.0
8.9631

4240.1
1.4041

3241.1
7.9541

0932.1
5.4151

9624.1
9.3261

0.007 3.586 01.305 ∇
hg

---
---

4317.0
0.5321

4397.0
6.0821

1148.0
5.7031

9368.0
3.0231

7709.0
0.5431

8949.0
7.8631

8010.1
2.3041

2801.1
0.9541

4202.1
9.3151

3583.1
5.3261

0.057 3.537 68.015 ∇
hg

---
---

0456.0
9.7221

9137.0
7.5721

8777.0
5.3031

6997.0
6.6131

4148.0
8.1431

3188.0
0.6631

1939.0
9.0041

0130.1
2.7541

6911.1
4.2151

2192.1
4.2261

0.008 3.587 32.815 ∇
hg

---
---

5106.0
5.0221

9776.0
7.0721

3227.0
4.9921

3347.0
9.2131

3387.0
6.8331

5128.0
2.3631

3678.0
6.8931

3369.0
4.5541

0740.1
0.1151

8802.1
4.1261

0.058 3.538 62.525 ∇
hg

---
---

6455.0
7.2121

1036.0
5.5621

2376.0
2.5921

4396.0
0.9031

0237.0
4.5331

5867.0
4.0631

9028.0
3.6931

7309.0
6.3541

0389.0
5.9051

0631.1
4.0261

0.009 3.588 89.135 ∇
hg

---
---

4215.0
4.4021

3785.0
1.0621

4926.0
9.0921

1946.0
1.5031

3686.0
1.2331

5127.0
5.7531

6177.0
9.3931

6058.0
8.1541

2629.0
1.8051

4170.1
3.9161

0.059 3.539 24.835 ∇
hg

---
---

0474.0
5.5911

9845.0
6.4521

1095.0
4.6821

2906.0
1.1031

3546.0
7.8231

3976.0
7.4531

5727.0
6.1931

1308.0
0.0541

3578.0
6.6051

6310.1
3.8161

0.0001 3.589 16.445 ∇
hg

---
---

---
---

0415.0
8.8421

6455.0
9.1821

3375.0
0.7921

4806.0
3.5231

3146.0
7.1531

8786.0
2.9831

4067.0
2.8441

4928.0
1.5051

5169.0
3.7161

∇ dnuoprepteefcibuc,emulovcificeps=
hg dnuoprepUTB,maetsfotaehlatot=
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)deunitnoc(maetSdetaehrepuSfoseitreporP
ERUSSERP

)ISP( .TAS
.PMET

t

(F°--ERUTAREPMETLATOT t)

etulosbA
'P

eguaG
P

°066 °007 °047 °067 °087 °008 °068 °009 °0001 °0011 °0021

0.0011 3.5801 13.655 ∇
hg

0115.0
5.8821

5445.0
3.8131

5575.0
8.5431

4095.0
9.8531

9406.0
7.1731

1916.0
3.4831

1066.0
8.0241

6686.0
5.4441

3057.0
2.2051

7118.0
8.8551

6178.0
2.5161

0.0021 3.5811 22.765 ∇
hg

6854.0
6.9721

9094.0
0.1131

6025.0
6.9331

7435.0
2.3531

4845.0
4.6631

7165.0
3.9731

3006.0
7.6141

0526.0
7.0441

3486.0
2.9941

2147.0
4.6551

7697.0
1.3161

0.0031 3.5821 64.775 ∇
hg

9314.0
2.0721

4544.0
4.3031

9374.0
3.3331

4784.0
3.7431

4005.0
0.1631

1315.0
3.4731

6945.0
5.2141

8275.0
0.7341

4826.0
2.6941

6186.0
9.3551

3337.0
0.1161

0.0041 3.5831 01.785 ∇
hg

3573.0
3.0621

2604.0
5.5921

8334.0
7.6231

8644.0
3.1431

3954.0
4.5531

4174.0
1.9631

1605.0
2.8041

1825.0
1.3341

5085.0
2.3941

5036.0
4.1551

9876.0
9.8061

0.0051 3.5841 32.695 ∇
hg

3143.0
8.9421

9173.0
2.7821

9893.0
0.0231

4114.0
2.5331

5324.0
7.9431

2534.0
8.3631

4864.0
9.3041

3984.0
3.9241

0935.0
1.0941

2685.0
9.8451

8136.0
8.6061

0.0061 3.5851 09.406 ∇
hg

2113.0
7.8321

7143.0
7.8721

2863.0
0.3131

4083.0
8.8231

1293.0
9.3431

4304.0
4.8531

3534.0
5.9931

3554.0
3.5241

7205.0
0.7841

4745.0
4.6451

6095.0
6.4061

0.0071 3.5861 51.316 ∇
hg

2482.0
8.6221

8413.0
7.9621

0143.0
8.5031

9253.0
3.2231

3463.0
9.7331

3573.0
9.2531

1604.0
0.5931

3524.0
4.1241

6074.0
0.4841

2315.0
8.3451

2455.0
5.2061

0.0081 3.5871 30.126 ∇
hg

7952.0
0.4121

7092.0
3.0621

6613.0
4.8921

4823.0
5.5131

5933.0
8.1331

2053.0
2.7431

1083.0
4.0931

6893.0
4.7141

1244.0
8.0841

8284.0
3.1451

8125.0
4.0061

0.0091 3.5881 85.826 ∇
hg

1732.0
2.0021

8862.0
4.0521

7492.0
6.0921

3603.0
6.8031

1713.0
4.5231

7723.0
5.1431

8653.0
8.5831

7473.0
3.3141

5614.0
7.7741

6554.0
8.8351

9294.0
2.8951

0.0002 3.5891 28.536 ∇
hg

1612.0
9.4811

9842.0
0.0421

8472.0
6.2821

3682.0
4.1031

2792.0
0.9131

4703.0
5.5331

8533.0
2.1831

2353.0
2.9041

5393.0
5.4741

1134.0
2.6351

8664.0
1.6951

0.0012 3.5802 77.246 ∇
hg

2691.0
7.7611

6032.0
0.9221

7652.0
3.4721

2862.0
0.4921

9872.0
3.2131

0982.0
5.9231

7613.0
4.6731

7333.0
0.5041

7273.0
4.1741

9804.0
6.3351

3344.0
9.3951

0.0022 3.5812 64.946 ∇
hg

8671.0
8.7411

5312.0
4.7121

0042.0
7.5621

4152.0
3.6821

1262.0
4.5031

1272.0
3.3231

4992.0
5.1731

9513.0
8.0041

8353.0
2.8641

7883.0
1.1351

8124.0
8.1951

0.0032 3.5822 19.556 ∇
hg

5751.0
8.3211

8791.0
9.4021

7422.0
7.6521

2632.0
4.8721

8642.0
4.8921

7652.0
9.6131

5382.0
6.6631

7992.0
5.6931

5633.0
9.4641

3073.0
5.8251

3204.0
6.9851

0.0042 3.5832 21.266 ∇
hg

---
---

8281.0
5.1911

5012.0
3.7421

1222.0
2.0721

7232.0
1.1921

5242.0
3.0131

9862.0
6.1631

8482.0
2.2931

7023.0
7.1641

4353.0
9.5251

3483.0
4.7851

0.0052 3.5842 31.866 ∇
hg

---
---

6861.0
8.6711

3791.0
6.7021

0902.0
8.1621

6912.0
6.3821

4922.0
6.3031

5552.0
5.6531

0172.0
8.7831

1603.0
4.8541

9733.0
2.3251

8763.0
3.5851

0.0062 3.5852 49.376 ∇
hg

---
---

9451.0
6.0611

9481.0
3.7221

7691.0
9.2521

4702.0
8.5721

2712.0
8.6921

1342.0
4.1531

4852.0
4.3831

6292.0
1.5541

6323.0
6.0251

6253.0
1.3851

0.0072 3.5862 55.976 ∇
hg

---
---

5141.0
5.2411

2371.0
5.6121

3581.0
8.3421

0691.0
9.7621

9502.0
7.9821

5132.0
1.6431

6642.0
9.8731

1082.0
8.1541

3013.0
0.8151

5833.0
9.0851

0.0082 3.5872 99.486 ∇
hg

---
---

1821.0
4.1211

2261.0
1.5021

5471.0
2.4321

4581.0
6.9521

3591.0
4.2821

8022.0
8.0431

6532.0
3.4731

5862.0
5.8441

9792.0
4.5151

4523.0
7.8751

0.0092 3.5882 62.096 ∇
hg

---
---

3411.0
9.5901

7151.0
0.3911

4461.0
3.4221

4571.0
1.1521

3581.0
9.4721

8012.0
3.5331

4522.0
7.9631

7752.0
1.5441

4682.0
7.2151

2313.0
5.6751

0.0003 3.5892 63.596 ∇
hg

---
---

4890.0
7.0601

6141.0
1.0811

8451.0
8.3121

0661.0
2.2421

0671.0
2.7621

4102.0
7.9231

9512.0
0.5631

6742.0
8.1441

7572.0
0.0151

8103.0
3.4751

0.0013 3.5803 13.007 ∇
hg

---
---

---
---

0231.0
2.6611

6541.0
9.2021

1751.0
0.3321

2761.0
3.9521

6291.0
1.4231

0702.0
3.0631

2832.0
4.8341

7562.0
4.7051

1192.0
1.2751

0.0023 3.5813 11.507 ∇
hg

---
---

---
---

6221.0
1.1511

9631.0
4.1911

6841.0
5.3221

9851.0
1.1521

3481.0
3.8131

6891.0
5.5531

3922.0
9.4341

3652.0
7.4051

1182.0
9.9651

2.6023 5.1913 04.507 ∇
hg

---
---

---
---

0221.0
2.0511

3631.0
6.0911

0841.0
9.2221

3851.0
5.0521

8381.0
9.7131

1891.0
2.5531

8822.0
7.4341

7552.0
5.4051

6082.0
8.9651

∇ dnuoprepteefcibuc,emulovcificeps=
hg dnuoprepUTB,maetsfotaehlatot=
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Determine Velocity of Steam in Pipes:

Where: A = Nominal pipe section area =
d = Diameter
V = Specific volume from steam tables
in ft3/lb (m3/kg)

Velocity (ft/s) =
(25)(A)

(V)
π(d)2

4

Note:  Specific volume changes with steam pressure and
temperature. Make sure to calculate velocities of inlet and
outlet piping of the regulator.

seiticoleVeniLepiPmaetSdednemmoceR
NOITIDNOCMAETS )DNOCES/SRETEM(DNOCES/TEEF,YTICOLEV

,)rab0,1ot0(gisp51ot0
detarutasdnayrD

)5,03(001

,)rab0,1(gisp51
pudnadetarutasdnayrD

)3,35(571

,)rab8,31(gisp002
pudnadetaehrepuS

)2,67(052

sepiPmaetSdetalusnInIsetaRnoitasnednoClacipyT

,ERUSSERP
)RAB(GISP

NOITALUSNIFOSEHCNI2HTIWEPIPFOTOOFREP)RUOH/GK(RUOH/SDNUOPNISETAR

sehcnIniretemaiDepiP

4/3 1 2/1-1 2 3 4

)960,0(1 )900,0(20.0 )410,0(30.0 )410,0(30.0 )810,0(40.0 )320,0(50.0 )720,0(60.0

)43,0(5 )410,0(30.0 )410,0(30.0 )810,0(40.0 )810,0(40.0 )320,0(50.0 )720,0(60.0

)96,0(01 )410,0(30.0 )410,0(30.0 )810,0(40.0 )810,0(40.0 )320,0(50.0 )230,0(70.0

)7,1(52 )410,0(30.0 )810,0(40.0 )320,0(50.0 )320,0(50.0 )720,0(60.0 )630,0(80.0

)4,3(05 )810,0(40.0 )810,0(40.0 )320,0(50.0 )720,0(60.0 )140,0(90.0 )50,0(11.0

)2,5(57 )810,0(40.0 )320,0(50.0 )720,0(60.0 )230,0(70.0 )50,0(11.0 )460,0(41.0

)9,6(001 )320,0(50.0 )320,0(50.0 )230,0(70.0 )630,0(80.0 )450,0(21.0 )860,0(51.0

)6,8(521 )320,0(50.0 )720,0(60.0 )230,0(70.0 )630,0(80.0 )950,0(31.0 )370,0(61.0

)3,01(051 )720,0(60.0 )720,0(60.0 )630,0(80.0 )140,0(90.0 )460,0(41.0 )770,0(71.0

)8,31(002 )720,0(60.0 )230,0(70.0 )630,0(80.0 )140,0(90.0 )860,0(51.0 )680,0(91.0

noitalusnItuohtiWsepiPmaetSnIsetaRnoitasnednoClacipyT

,ERUSSERP
)RAB(GISP

RIATNEIBMA)C°22(F°27TAEPIPERABFOTOOFREP)RUOH/GK(RUOH/SDNUOPNISETAR

sehcnIniretemaiDepiP

4/3 1 2/1-1 2 3 4

)960,0(1 )50,0(11.0 )860,0(51.0 )590,0(12.0 )311,0(52.0 )2710(83.0 )902,0(64.0

)43,0(5 )460,0(41.0 )370,0(61.0 )1,0(22.0 )811,0(62.0 )6810(14.0 )722,0(05.0

)96,0(01 )860,0(51.0 )280,0(81.0 )901,0(42.0 )231,0(92.0 )20(44.0 )42,0(35.0

)7,1(52 )770,0(71.0 )1,0(22.0 )141,0(13.0 )361,0(63.0 )420(35.0 )592,0(56.0

)4,3(05 )1,0(22.0 )221,0(72.0 )771,0(93.0 )902,0(64.0 )9920(66.0 )673,0(38.0

)2,5(57 )811,0(62.0 )141,0(13.0 )402,0(54.0 )542,0(45.0 )9430(77.0 )274,0(40.1

)9,6(001 )231,0(92.0 )951,0(53.0 )722,0(05.0 )772,0(16.0 )930(68.0 )305,0(11.1

)6,8(521 )541,0(23.0 )771,0(93.0 )942,0(55.0 )803,0(86.0 )6240(49.0 )855,0(32.1

)3,01(051 )951,0(53.0 )191,0(24.0 )272,0(06.0 )633,0(47.0 )7640(30.1 )306,0(33.1

)8,31(002 )181,0(04.0 )222,0(94.0 )313,0(96.0 )763,0(18.0 )450(91.1 )86,0(05.1
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sepiPleetS04eludehcShguorhTretaWfowolF
EGRAHCSID F°06TARETAWROFEPIP04ELUDEHCSNIYTICOLEVDNATEEF001REPPORDERUSSERP

snollaG
rep

etuniM

.tFcibuC
rep

dnoceS

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

"8/1 "4/1
2.0 644000.0 31.1 68.1 616.0 953.0 "8/3 "2/1
3.0 866000.0 96.1 22.4 429.0 309.0 405.0 951.0 713.0 160.0

"4/3
4.0 198000.0 62.2 89.6 32.1 16.1 276.0 543.0 224.0 680.0
5.0 11100.0 28.2 5.01 45.1 93.2 048.0 935.0 825.0 761.0 103.0 330.0
6.0 43100.0 93.3 7.41 58.1 92.3 10.1 157.0 336.0 042.0 163.0 140.0
8.0 87100.0 25.4 0.52 64.2 44.5 43.1 52.1 448.0 804.0 184.0 201.0 "1

1 32200.0 56.5 2.73 80.3 82.8 86.1 58.1 60.1 006.0 206.0 551.0 173.0 840.0 "4/1-1
2 64400.0 92.11 4.431 61.6 1.03 63.3 85.6 11.2 01.2 02.1 625.0 347.0 461.0 924.0 440.0 "2/1-1
3 86600.0 52.9 1.46 40.5 9.31 71.3 33.4 18.1 90.1 411.1 633.0 446.0 090.0 374.0 340.0
4 19800.0 33.21 2.111 27.6 9.32 22.4 24.7 14.2 38.1 94.1 565.0 858.0 051.0 036.0 170.0
5 41110.0 "2 04.8 7.63 82.5 2.11 10.3 57.2 68.1 538.0 370.1 322.0 887.0 401.0
6 73310.0 475.0 440.0

"2/1-2
80.01 9.15 33.6 8.51 16.3 48.3 32.2 71.1 92.1 903.0 349.0 541.0

8 28710.0 567.0 370.0 44.31 1.19 54.8 7.72 18.4 06.6 79.2 99.1 27.1 815.0 62.1 142.0
01 82220.0 659.0 801.0 076.0 640.0

"3
65.01 4.24 20.6 99.9 17.3 99.2 51.2 477.0 85.1 163.0

51 24330.0 34.1 422.0 10.1 490.0 30.9 6.12 75.5 63.6 22.3 36.1 73.2 557.0
02 65440.0 19.1 573.3 43.1 851.0 868.0 650.0 "2/1-3 30.21 8.73 34.7 9.01 92.4 87.2 61.3 82.1
52 07550.0 93.2 165.0 86.1 432.0 90.1 380.0 218.0 140.0

"4
82.9 7.61 73.5 22.4 49.3 39.1

03 48660.0 78.2 687.0 10.2 723.0 03.1 411.0 479.0 650.0 41.11 8.32 44.6 29.5 37.4 27.2
53 89770.0 53.3 50.1 53.2 634.0 25.1 151.0 41.1 170.0 288.0 140.0 99.21 2.23 15.7 09.7 25.5 46.3
04 21980.0 38.3 53.1 86.2 655.0 47.1 291.0 03.1 590.0 10.1 250.0 58.41 5.14 95.8 42.01 03.6 56.4
54 3001.0 03.4 76.1 20.3 866.0 59.1 932.0 64.1 711.0 31.1 460.0 76.9 08.21 90.7 58.5
05 4111.0 87.4 30.2 53.3 938.0 71.2 882.0 26.1 241.0 62.1 670.0 47.01 66.51 88.7 51.7
06 7331.0 47.5 78.2 20.4 81.1 06.2 64.0 59.1 402.0 15.1 701.0 "5 98.21 2.22 74.9 12.01
07 0651.0 07.6 48.3 96.4 95.1 40.3 045.0 72.2 162.0 67.1 341.0 21.1 740.0 50.11 17.31
08 2871.0 56.7 79.4 63.5 30.2 74.3 786.0 06.2 433.0 20.2 081.0 82.1 060.0 26.21 95.71
09 5002.0 06.8 02.6 30.6 35.2 19.3 168.0 29.2 614.0 72.2 422.0 44.1 470.0 "6 02.41 0.22
001 8222.0 65.9 95.7 07.6 90.3 43.4 50.1 52.3 905.0 25.2 272.0 06.1 090.0 11.1 630.0 877.51 9.62
521 5872.0 79.11 67.11 83.8 17.4 34.5 16.1 60.4 967.0 51.3 514.0 10.2 531.0 93.1 550.0 27.91 4.14
051 2433.0 63.41 07.61 50.01 96.6 15.6 42.2 78.4 80.1 87.3 085.0 14.2 091.0 76.1 770.0
571 9983.0 57.61 3.22 37.11 79.8 06.7 00.3 86.5 44.1 14.4 477.0 18.2 352.0 49.1 201.0
002 6544.0 41.91 8.82 24.31 86.11 86.8 78.3 94.6 58.1 40.5 589.0 12.3 323.0 22.2 031.0 "8
522 3105.0 --- --- 90.51 36.41 77.9 38.4 03.7 23.2 76.5 32.1 16.3 104.0 05.2 261.0 44.1 340.0
052 755.0 --- --- --- --- 58.01 39.5 21.8 48.2 03.6 64.1 10.4 594.0 87.2 591.0 06.1 150.0
572 7216.0 --- --- --- --- 49.11 41.7 39.8 04.3 39.6 97.1 14.4 385.0 50.3 432.0 67.1 160.0
003 4866.0 --- --- --- --- 00.31 63.8 47.9 20.4 65.7 11.2 18.4 386.0 33.3 572.0 29.1 270.0
523 1427.0 --- --- --- --- 21.41 98.9 35.01 90.4 91.8 74.2 12.5 797.0 16.3 023.0 80.2 380.0

053 8977.0 --- --- --- --- 63.11 15.5 28.8 48.2 26.5 919.0 98.3 763.0 42.2 590.0
573 5538.0 --- --- --- --- 71.21 81.6 54.9 52.3 20.6 5.01 61.4 614.0 04.2 801.0
004 2198.0 --- --- --- --- 89.21 30.7 80.01 86.3 24.6 91.1 44.4 174.0 65.2 121.0
524 9649.0 --- --- --- --- 08.31 98.7 17.01 21.4 28.6 33.1 27.4 925.0 37.2 631.0
054 300.1 "01 --- --- --- --- 16.41 08.8 43.11 06.4 22.7 84.1 00.5 095.0 98.2 151.0
574 950.1 39.1 450.0 --- --- --- --- 79.11 21.5 26.7 46.1 72.5 356.0 40.3 661.0
005 411.1 30.2 950.0 --- --- --- --- 06.21 56.5 20.8 18.1 55.5 027.0 12.3 281.0
055 522.1 42.2 170.0 --- --- --- --- 58.31 97.6 28.8 71.2 11.6 168.0 35.3 912.0
006 733.1 44.2 380.0 --- --- --- --- 21.51 40.8 36.9 55.2 66.6 20.1 58.3 852.0
056 844.1 46.2 790.0 --- --- --- --- --- --- 34.01 89.2 22.7 81.1 71.4 103.0
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EGRAHCSID F°06TARETAWROFEPIP04ELUDEHCSNIYTICOLEVDNATEEF001REPPORDERUSSERP

snollaG
rep

etuniM

.tFcibuC
rep

dnoceS

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

yticoleV
rep.tF(

).ceS

erusserP
porD
)ISP(

"01 "21 "5 "6 "8
007 065.1 58.2 211.0 10.2 740.0 --- --- --- --- 32.11 34.3 87.7 53.1 94.4 343.0
057 176.1 50.3 721.0 51.2 450.0

"41
--- --- --- --- 30.21 29.3 33.8 55.1 18.4 293.0

008 287.1 52.3 341.0 92.2 160.0 --- --- --- --- 38.21 34.4 88.8 57.1 31.5 344.0
058 498.1 64.3 061.0 44.2 860.0 20.2 240.0 --- --- --- --- 46.31 00.5 44.9 69.1 54.5 794.0
009 500.2 66.3 971.0 85.2 570.0 31.2 740.0 --- --- --- --- 44.41 85.5 99.9 81.2 77.5 455.0
059 711.2 68.3 891.0 27.2 380.0 52.2 250.0 --- --- 42.51 12.6 55.01 24.2 90.6 316.0
0001 822.2 70.4 812.0 78.2 190.0 73.2 750.0

"61
--- --- 40.61 48.6 01.11 86.2 14.6 576.0

0011 154.2 84.4 062.0 51.3 011.0 16.2 860.0 --- --- 56.71 32.8 22.21 22.3 50.7 708.0
0021 476.2 88.4 603.0 44.3 821.0 58.2 008.0 81.2 240.0 --- --- --- --- 33.31 18.3 07.7 849.0
0031 698.2 92.5 553.0 37.3 051.0 80.3 390.0 63.2 840.0 --- --- --- --- 34.41 54.4 33.8 11.1
0041 911.3 07.5 904.0 10.4 171.0 23.3 701.0 45.2 550.0 55.51 31.5 89.8 82.1
0051 243.3 01.6 664.0 03.4 591.0 65.3 221.0 27.2 360.0

"81
66.61 58.5 26.9 64.1

0061 565.3 15.6 725.0 95.4 912.0 97.3 831.0 09.2 170.0 77.71 16.6 62.01 56.1
0081 010.4 23.7 366.0 61.5 672.0 72.4 271.0 72.3 880.0 85.2 050.0 99.91 73.8 45.11 80.2
0002 654.4 41.8 808.0 37.5 933.0 47.4 902.0 36.3 701.0 78.2 060.0

"02
12.22 3.01 28.21 55.2

0052 075.5 71.01 42.1 71.7 515.0 39.5 123.0 45.4 361.0 95.3 190.0 30.61 49.3
0003 486.6 02.21 67.1 06.8 137.0 11.7 154.0 54.5 232.0 03.4 921.0 64.3 570.0

"42
42.91 95.5

0053 897.7 42.41 83.2 30.01 289.0 03.8 706.0 53.6 213.0 20.5 371.0 40.4 101.0 44.22 65.7
0004 219.8 72.61 80..3 74.11 72.1 84.9 787.0 62.7 104.0 47.5 222.0 26.4 921.0 91.3 250.0 56.52 08.9
0054 30.01 13.81 78.3 09.21 06.1 76.01 099.0 71.8 305.0 64.6 082.0 02.5 261.0 95.3 560.0 78.82 2.21
0005 41.11 53.02 17.7 33.41 59.1 58.11 12.1 80.9 716.0 71.7 043.0 77.5 991.0 99.3 970.0 --- ---
0006 73.31 14.42 47.6 02.71 77.2 32.41 17.1 98.01 778.0 16.8 384.0 39.6 082.0 97.4 111.0 --- ---
0007 06.51 94.82 11.9 70.02 47.3 06.61 13.2 17.21 81.1 40.01 256.0 80.8 673.0 95.5 051.0 --- ---
0008 28.71 --- --- 39.22 48.4 69.81 99.2 25.41 15.1 74.11 938.0 32.9 884.0 83.6 291.0 --- ---
0009 50.02 --- --- 97.52 90.6 43.12 67.3 43.61 09.1 19.21 50.1 93.01 806.0 81.7 242.0 --- ---
000,01 82.22 --- --- 66.82 64.7 17.32 16.4 51.81 43.2 43.41 82.1 45.11 937.0 89.7 492.0 --- ---
000,21 47.62 --- --- 04.43 7.01 54.82 95.6 97.12 33.3 12.71 38.1 58.31 60.1 85.9 614.0 --- ---
000,41 91.13 --- --- --- --- 91.33 98.8 24.52 94.4 80.02 54.2 61.61 34.1 71.11 265.0 --- ---
000,61 56.53 --- --- --- --- --- --- 50.92 38.5 59.22 81.3 74.81 58.1 77.21 327.0 --- ---
000,81 01.04 --- --- --- --- --- --- 86.23 13.7 28.52 30.4 77.02 23.2 63.41 709.0 --- ---
000,02 65.44 --- --- --- --- --- --- 13.63 30.9 96.82 39.4 80.32 68.2 69.51 21.1 --- ---

ro--elbatehtninevigeulavehtflahenoyletamixorppasiporderusserpeht,epipfoteef05rof,suhT.htgnelehtotlanoitroporpsiporderusserpeht,teef001nahtrehtoshtgnelepiproF
.cte,eulavnevigehtsemiteerht,teef003

.161egapnonoitanalpxeees,04eludehcSnahtrehtoepiprofsnoitaluclacroF
.htgnelepipfotnednepednisidnaetarwolfnevigaroftnatsnocsiti,suht;aerawolflanoitcesssorcehtfonoitcnufasiyticoleV

.oCenarCfonoissimrephtiw,sdiulFfowolF,014.oNrepaPlacinhceTmorfdetcartxE
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sepiPleetS04eludehcShguorhTriAfowolF

RIAEERF
Q'M

DESSERPMOC
RIA

HCNIERAUQSREPSDNUOPNIRIAFOPORDERUSSERP
SDNUOP001TARIAROFEPIP04ELUDEHCSFOTEEF001REP
ERUTAREPMETF°06DNAERUSSERPEGUAGHCNIERAUQSREP

repteeFcibuC
F°06taetuniM
aisp7.41dna

repteeFcibuC
F°06taetuniM

gisp001dna
"8/1 "4/1 "8/3 "2/1 "4/3 "1 "4/1-1 "2/1-1 "2

1 821.0 163.0 380.0 810.0
2 652.0 13.1 582.0 460.0 020.0
3 483.0 60.3 506.0 331.0 240.0
4 315.0 38.4 40.1 622.0 170.0
5 146.0 54.7 85.1 343.0 601.0 720.0
6 967.0 6.01 32.2 804.0 841.0 730.0
8 520.1 6.81 98.3 848.0 552.0 260.0 910.0
01 282.1 7.82 69.5 62.1 653.0 490.0 920.0
51 229.1 --- 0.31 37.2 438.0 102.0 260.0
02 365.2 --- 8.22 67.4 34.1 543.0 201.0 620.0
52 402.3 --- 6.53 43.7 12.2 625.0 651.0 930.0 910.0
03 548.3 --- --- 5.01 51.3 847.0 912.0 550.0 620.0
53 684.4 --- --- 2.41 42.4 00.1 392.0 370.0 530.0
04 621.5 --- --- 4.81 94.5 03.1 973.0 590.0 440.0
54 767.5 --- --- 1.32 09.6 26.1 474.0 611.0 550.0
05 804.6 5.82 94.8 99.1 875.0 941.0 760.0 910.0
06 096.7 "2/1-2 7.04 2.21 58.2 918.0 002.0 490.0 720.0
07 179.8 --- 5.61 38.3 01.1 072.0 621.0 630.0
08 52.01 910.0 --- 4.12 69.4 34.1 053.0 261.0 640.0
09 35.11 320.0 --- 0.72 52.6 08.1 734.0 302.0 850.0
001 28.21 920.0 "3 2.33 96.7 12.2 435.0 742.0 070.0
521 20.61 440.0 --- 9.11 93.3 528.0 083.0 701.0
051 22.91 260.0 120.0 --- 0.71 78.4 71.1 735.0 151.0
571 34.22 380.0 820.0 "2/1-3 --- 1.32 06.6 85.1 727.0 502.0
002 36.52 701.0 630.0 --- 0.03 45.8 50.2 739.0 462.0
522 48.82 431.0 540.0 220.0 9.73 8.01 95.2 91.1 133.0
052 40.23 461.0 550.0 720.0 --- 3.31 81.3 54.1 404.0
572 42.53 191.0 660.0 230.0 --- 0.61 38.3 57.1 484.0
003 54.83 232.0 870.0 730.0 --- 0.91 65.4 70.2 375.0
523 56.14 072.0 090.0 340.0 "4 --- 3.22 23.5 24.2 376.0
053 78.44 313.0 401.0 050.0 --- 8.52 71.6 08.2 677.0
573 60.84 653.0 911.0 750.0 030.0 --- 6.92 50.7 02.3 788.0
004 62.15 204.0 431.0 460.0 430.0 --- 6.33 20.8 46.3 00.1
524 74.45 254.0 151.0 270.0 830.0 --- 9.73 10.9 90.4 31.1
054 76.75 705.0 861.0 180.0 240.0 --- --- 2.01 95.4 62.1
574 88.06 265.0 781.0 980.0 740.0 --- 3.11 90.5 04.1
005 80.46 326.0 602.0 990.0 250.0 --- 5.21 16.5 55.1
055 94.07 947.0 842.0 811.0 260.0 --- 1.51 97.6 78.1
006 09.67 788.0 392.0 931.0 370.0 "5 --- 0.81 40.8 12.2
056 03.38 40.1 243.0 361.0 680.0 --- 1.12 34.9 06.2
007 17.98 91.1 593.0 881.0 990.0 230.0 3.42 9.01 00.3
057 21.69 63.1 154.0 412.0 311.0 630.0 9.72 6.21 44.3
008 5.201 55.1 315.0 442.0 721.0 140.0 8.13 2.41 09.3
058 9.801 47.1 675.0 472.0 441.0 640.0 "6 9.53 0.61 04.4
009 3.511 59.1 246.0 503.0 061.0 150.0 2.04 0.81 19.4
059 8.121 81.2 517.0 043.0 871.0 750.0 320.0 --- 0.02 74.5
000,1 2.821 04.2 887.0 573.0 791.0 360.0 520.0 --- 1.22 60.6
001,1 0.141 98.2 849.0 154.0 632.0 570.0 030.0 --- 7.62 92.7
002,1 8.351 44.3 31.1 335.0 972.0 980.0 530.0 --- 8.13 36.8
003,1 6.661 10.4 23.1 626.0 723.0 301.0 140.0 --- 3.73 1.01
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ERUTAREPMETF°06DNAERUSSERPEGUAGHCNIERAUQSREP

repteeFcibuC
F°06taetuniM
aisp7.41dna

repteeFcibuC
F°06taetuniM

gisp001dna
"2/1-2 "3 "2/1-3 "4 "5 "6 "8 "01 "2

004,1 4.971 56.4 25.1 817.0 773.0 911.0 740.0 8.11
005,1 2.291 13.5 47.1 428.0 134.0 631.0 450.0 5.31
006,1 1.502 40.6 79.1 239.0 094.0 451.0 160.0 3.51
008,1 7.032 56.7 05.2 81.1 616.0 391.0 570.0 3.91
000,2 3.652 44.9 60.3 54.1 757.0 732.0 490.0 320.0 9.32
005,2 4.023 7.41 67.4 52.2 71.1 663.0 341.0 530.0 3.73
000,3 5.483 1.12 28.6 02.3 76.1 425.0 402.0 150.0 610.0
005,3 6.844 8.82 32.9 33.4 62.2 907.0 672.0 860.0 220.0
000,4 6.215 6.73 1.21 66.5 49.2 919.0 853.0 880.0 820.0 "21
005,4 7.675 6.74 3.51 61.7 96.3 61.1 054.0 111.0 530.0
000,5 8.046 --- 8.81 58.8 65.4 24.1 255.0 631.0 340.0 810.0
000,6 0.967 --- 1.72 7.21 75.6 30.2 497.0 591.0 160.0 520.0
000,7 1.798 --- 9.63 2.71 49.8 67.2 70.1 262.0 280.0 430.0
000,8 5201 --- --- 5.22 7.11 95.3 93.1 933.0 701.0 440.0
000,9 3511 --- --- 5.82 9.41 45.4 67.1 724.0 431.0 550.0
000,01 2821 --- --- 2.53 4.81 06.5 61.2 625.0 461.0 760.0
000,11 0141 --- --- --- 2.22 87.6 26.2 336.0 791.0 180.0
000,21 8351 --- --- --- 4.62 70.8 90.3 357.0 432.0 690.0
000,31 6661 --- --- --- 0.13 74.9 36.3 488.0 372.0 211.0
000,41 4971 --- --- --- 0.63 0.11 12.4 20.1 613.0 921.0
000,51 2291 --- --- --- --- 6.21 48.4 71.1 463.0 841.0
000,61 1502 --- --- --- --- 3.41 05.5 33.1 114.0 761.0
000,81 7032 --- --- --- --- 2.81 69.6 86.1 025.0 312.0
000,02 3652 --- --- --- --- 4.22 06.8 10.2 246.0 062.0
000,22 0282 --- --- --- --- 1.72 4.01 05.2 177.0 413.0
000,42 6703 --- --- --- --- 3.23 4.21 79.2 819.0 173.0
000,62 2333 --- --- --- --- 9.73 5.41 94.3 21.1 534.0
000,82 8853 --- --- --- --- --- 9.61 40.4 52.1 505.0
000,03 5483 --- --- --- --- --- 3.91 46.4 24.1 025.0

.oCenarCfonoissimrephtiw,sdiulFfowolF,014.oNrepaPlacinhceTmorfdetcartxE
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KK

enaporPfoseitreporPegarevA
alumroF C3H8

)C°(F°,tnioPgnilioB )24-(44-

)00.1=riA(saGfoytivarGcificepS 35.1

)C°61(F°06tadiuqiLfonollaGrepsdnuoP 42.4

)C°61(F°06tasaGfonollaGrepUTB 745,19

saGfodnuoPrepUTB 195,12

)C°61(F°06tasaGfotooFcibuCrepUTB 6152

)C°61(F°06tadiuqiLfonollaGrep)C°61(F°06taropaVfoteeFcibuC 93.63

)C°61(F°06tadiuqiLfodnuoPrep)C°61(F°06taropaVfoteeFcibuC 745.8

nollaGrepUTB,tnioPgnilioBtanoitaziropaVfotaeHtnetaL 0.587

ataDnoitsubmoC

saGfotooFcibuC1nruBotderiuqeRriAfoteeFcibuC 68.32

)C°(F°,tnioPhsalF )401-(651-

)C°(F°,riAnierutarepmeTnoitingI
0201ot029
)945ot394(

)C°(F°,riAnierutarepmeTemalFmumixaM )9791(5953

erutxiMriAnisaGfoegatnecreP,ytilibammalfnIfostimiL

timiLrewoLta %4.2

timiLreppUta %6.9

)001=enatcOOSI(rebmuNenatcO 001revO

sknaTenaporPfoseiticapaCnoitaziropaVetamixorppA
SMETSYSKNATCITSEMODNIDIUQIL%04HTIWRUOHREPUTB

yticapaCretaWeziSknaT
erutarepmeTriAgniliaverP

)C°7-(F°02 )C°61(F°06

021 800,532 297,714

051 403,092 690,615

002 082,143 027,606

052 080,604 029,127

523 001,415 009,739

005 230,436 861,721,1

0001 274,880,1 150,879,1

snoitacificepSknaTenaporPcitsemoDdradnatS
yticapaC retemaiD htgneL thgieWknaT

)sretiL(snollaG )mm(sehcnI )mm(sehcnI )gK(sdnuoP

)454(021 )016(42 )7271(86 )131(882

)865(051 )016(42 )4312(48 )061(253

)757(002 )267(03 )7002(97 )012(364

)649(052 )267(03 )7832(49 )642(245

)0321(523 )267(03 )3203(911 )503(276

)3981(005 )049(73 )3203(911 )284(2601

)5873(0001 )1401(14 )7784(291 )009(3891

enaporProfseiticapaCecifirO

ROECIFIRO
EZISLLIRD

YTICAPACECIFIRO
,RUOHREPUTB
.C.WSEHCNI-11

ROECIFIRO
EZISLLIRD

YTICAPACECIFIRO
,RUOHREPUTB
.C.WSEHCNI-11

800. 915 15 13563

900. 656 05 24893

010. 218 94 16334

110. 189 84 38964

210. 9611 74 88005

08 0841 64 69235

97 8071 54 14645

87 0802 44 92206

77 9262 34 96346

67 9423 24 59017

57 1853 14 42947

47 9114 04 92087

37 8764 93 31508

27 1805 83 12738

17 5945 73 06878

07 5736 63 70229

96 4396 53 21389

86 3187 43 571001

76 0238 33 797301

66 8488 23 583901

56 5599 13 340711

46 53501 03 911431

36 52111 92 663051

26 53711 82 103061

16 76321 72 085861

06 80031 62 716571

95 06631 52 916181

85 33341 42 828781

75 62051 32 697291

65 27571 22 053002

55 93912 12 525502

45 03642 02 996012

35 96782 91 549322

25 50823 81 664332

6152=toofcibucrepUTB
25.1=ytivarGcificepS

11=nmulocretawfosehcni,ecifirotaerusserP
9.0=tneiciffeoCecifirO
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KK

snosirapmoCUTB
SLEUFNOMMOC NOLLAGREP DNUOPREP

enaporP 745,19 195,12

enatuB 230,201 122,12

enilosaG 052,011 039,02

liOleuF 524,431 069,61

saGfosemuloVgnitrevnoC
MFCOTMFCROHFCOTHFC

fowolFylpitluM yB fowolFniatbOoT

riA

707.0 enatuB

092.1 saGlarutaN

808.0 enaporP

enatuB

414.1 riA

628.1 saGlarutaN

041.1 enaporP

saGlarutaN

577.0 riA

745.0 enatuB

526.0 enaporP

enaporP

732.1 riA

478.0 enatuB

895.1 saGlarutaN

enaporPfoserusserPropaV
erutarepmeT erusserP erutarepmeT erusserP erutarepmeT erusserP erutarepmeT erusserP

)C°(F° )raB(gisP )C°(F° )raB(gisP )C°(F° )raB(gisP )C°(F° )raB(gisP

)45(031 )81(752 )12(07 )8(901 )7-(02 )8,2(04 )92-(02- )96,0(01

)94(021 )61(522 )81(56 )9,6(001 )21-(01 )2(13 )23-(52- )55,0(8

)34(011 )41(791 )61(06 )6(29 )71-(0 )2(32 )43-(03- )43,0(5

)83(001 )21(271 )01(05 )5(77 )12-(5- )4,1(02 )73-(53- )12,0(3

)23(09 )01(941 )4(04 )4(36 )32-(01- )1(61 )04-(04- )960,0(1

)72(08 )9(821 )1-(03 )4(15 )62-(51- )1(31 )24-(44- )0(0

gniziSgnibuTdnaepiP
SECNAILPPADNASROTALUGERERUSSERPWOLEGATSDNOCESROELGNISNEEWTEBGNIZISGNIBUTDNAEPIPENAPORP

roepiP
gnibuT

teeF,htgneL

,eziSgnibuTreppoC
LepyT,)retemaiDedisnI(retemaiDedistuO

roepiP
gnibuT

teeF,htgneL

,eziSepiPlanimoN
04eludehcS,)retemaiDedisnI(retemaiDedistuO

)513.0(8/3 )034.0(2/1 )545.0(8.5 )666.0(4/3 )587.0(8/7 )226.0(2/1 )428.0(4.3 )940.1(1 )083.1(4/1-1 )016.1(2/1-1 )760.2(2

01 94 011 602 843 635 01 192 806 6411 3532 5253 9876

02 43 67 151 932 863 02 002 814 887 7161 3242 6664

03 72 16 411 291 692 03 161 633 236 9921 6491 7473

04 32 25 79 461 352 04 731 282 145 1111 5661 7023

05 02 64 68 641 422 05 221 755 084 589 6741 2482

06 91 24 87 231 302 06 011 132 534 298 7331 5752

07 71 93 27 121 781 08 49 891 273 467 4411 4022

08 61 63 76 311 471 001 48 571 033 776 4101 4591

09 51 43 36 601 361 521 47 551 292 006 998 1371

001 41 23 95 001 451 051 76 141 562 445 518 9651

051 11 62 84 08

5.2ybedivid,ruohrepteefcibucniseiticapacottrevnocoT
ruohrepUTB000,1niseiticapaC-porderusserp.c.whcni-5.0adnagnittes.c.wsehcni-11nodesaberadetsilseiticapacenaporpdetulidnumumixaM:etoN
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secifirOdnasdupSfoseiticapaC

LLIRD
NOITANGISED

,RETEMAID
SEHCNI

,AERA
ERAUQS
SEHCNI

0.1FOTNEICIFFEOCECIFIRONADNASAGLARUTANERUSSERPHGIHYTIVARG6.0FOHFCNISEITICAPAC

eguaGisP,erusserPmaertspU

1 2 3 4 5 6 7 8 9 01 21 41 61 81 02 52 03 04 05

08
97

"46/1
87
77

5310.0
5410.0
6510.0
0610.0
0810.0

341000.0
361000.0
191000.0
102000.0
432000.0

16.1
58.1
41.2
62.2
58.2

62.2
16.2
20.3
81.3
20.4

67.2
81.3
86.3
88.3
09.4

71.3
56.3
32.4
54.4
26.5

25.3
60.4
07.4
49.4
52.6

48.3
34.4
31.5
04.5
28.6

31.4
77.4
25.5
18.5
43.7

04.4
70.5
78.5
81.6
18.7

56.4
63.5
02.6
35.6
52.8

88.4
36.5
15.6
58.6
66.8

13.5
21.6
90.7
64.7
24.9

56.5
25.6
55.7
59.7
1.01

50.6
89.6
80.8
05.8
8.01

44.6
34.7
16.8
50.9
5.11

48.6
98.7
31.9
16.9
2.21

28.7
20.9
5.01
0.11
9.31

08.8
2.01
8.11
4.21
7.51

8.01
5.21
4.41
2.51
2.91

8.21
7.41
1.71
9.71
7.22

67
57
47
37
27

0020.0
0120.0
5220.0
0420.0
0520.0

413000.0
643000.0
893000.0
254000.0
194000.0

35.3
98.3
74.4
80.5
25.5

79.4
84.5
80.7
61.7
87.7

50.6
76.6
76.7
17.8
64.9

59.6
56.7
08.8
0.01
9.01

27.7
15.8
87.9
2.11
1.21

34.8
92.9
7.01
2.21
2.31

70.9
0.01
5.11
1.31
2.41

56.9
7.01
4.21
9.31
1.51

2.01
3.21
0.31
7.41
0.61

8.01
8.11
6.31
4.51
8.61

7.11
9.21
8.41
8.61
3.81

5.21
7.31
8.51
9.71
4.91

3.31
7.41
9.61
1.91
8.02

2.41
6.51
0.81
4.02
1.22

0.51
6.61
1.91
6.12
5.32

2.71
0.91
8.12
7.42
9.62

4.91
3.12
5.42
6.72
3.03

7.32
1.62
0.03
1.43
0.73

0.82
9.03
5.53
3.04
8.34

17
07
96
86

"23/1

0620.0
0820.0
2920.0
0130.0
3130.0

135000.0
616000.0
076000.0
537000.0
567000.0

79.5
29.6
35.7
84.8
95.8

14.8
57.9
6.01
0.21
2.21

3.01
9.11
0.31
6.41
8.41

8.11
7.31
9.41
7.61
0.71

1.31
2.51
5.61
6.81
8.81

3.41
6.61
0.81
3.02
6.02

4.51
8.71
4.91
9.12
1.22

4.61
0.91
0.02
2.32
5.32

3.71
0.02
8.12
5.42
9.42

1.81
0.12
9.22
8.52
1.62

7.91
9.22
9.42
0.82
4.82

0.12
4.42
5.62
9.92
3.03

5.22
1.62
4.82
0.23
4.23

9.32
8.72
2.03
0.43
5.43

4.52
5.92
-1.23

1.63
6.63

1.92
8.33
7.63
3.14
9.14

7.23
0.83
3.14
5.64
1.74

0.04
4.64
5.05
9.65
7.75

3.74
9.45
7.95
3.76
2.86

76
66
56
46
36

0230.0
0330.0
0530.0
0630.0
0730.0

408000.0
558000.0
269000.0
810100.0
570100.0

30.9
06.9
8.01
5.11
1.21

8.21
6.31
3.51
2.61
1.71

5.51
5.61
6.81
7.91
8.02

8.71
9.81
3.12
6.22
8.32

8.91
1.12
7.32
1.52
5.62

6.12
0.32
9.52
4.72
9.82

3.32
7.42
8.72
4.92
1.13

7.42
3.62
6.92
3.13
1.33

1.62
6.72
3..13
1.33
9.43

4.72
2.92
8.23
7.43
7.63

9.92
8.13
7.53
8.73
9.93

8.13
8.33
1.83
3.04
5.24

0.43
2.63
7.04
4.24
5.54

2.63
5.83
4.34
9.54
4.84

5.83
9.04
0.64
7.84
4.15

0.44
8.64
6.25
7.55
8.85

5.94
7.25
2.95
7.26
2.66

6.06
4.46
5.27
7.67
0.18

7.17
2.67
7.58
7.09
8.59

26
16
06
95
85

0830.0
0930.0
0040.0
0140.0
0240.0

431100.0
591100.0
752100.0
023100.0
583100.0

8.21
5.31
2.41
9.41
6.51

0.81
0.91
9.91
9.02
0.22

9.12
1.32
3.42
5.52
7.62

1.52
5.62
8.72
2.92
7.03

9.72
4.92
9.03
5.23
1.43

5.03
1.23
8.33
5.53
2.73

8.23
6.43
4.63
2.83
0.04

9.43
8.63
7.83
6.04
6.24

8.63
8.83
8.04
9.24
0.54

7.83
8.04
9.24
0.54
2.14

1.24
4.44
7.64
0.94
4.15

8.44
3.74
7.94
2.25
8.45

0.84
6.05
2.35
8.55
6.85

1.15
8.35
6.65
5.95
4.26

2.45
1.75
1.06
1.36
2.66

0.26
4.56
7.86
2.27
7.57

8.96
6.37
4.77
3.18
3.58

4.58
0.09
7.49
5.99
501

101
701
211
811
421

75
65

"46/3
55
45

0340.0
5640.0
9640.0
0250.0
0550.0

254100.0
896100.0

37100.0
21200.0
83200.0

3.61
1.91
5.91
8.32
8.62

0.32
9.62
4.72
6.33
7.73

0.82
8.23
4.33
9.04
9.54

1.23
6.73
3.83
9.64
7.25

7.53
8.14
6.24
1.25
5.85

0.93
6.54
5.64
0.75
9.36

0.24
1.94
0.05
3.16
8.86

7.44
2.25
2.35
2.56
2.37

2.74
1.55
2.65
8.86
3.77

5.94
9.75
0.95
3.27
1.18

9.35
0.36
2.46
7.87
3.88

4.75
1.76
4.86
8.38
1.49

4.16
8.17
2.37
6.98
101

4.56
5.67
9.77
5.59
801

4.96
2.18
7.28
201
411

4.97
8.29
6.49
611
231

4.98
501
701
131
741

011
821
131
061
081

031
251
551
981
212

35
"61/1

25
15
05

5950.0
5260.0
5360.0
0760.0
0070.0

87200.0
70300.0
71300.0
35300.0
58300.0

1.13
5.43
6.53
7.93
3.34

0.44
6.84
2.05
9.55
0.16

6.35
2.95
1.16
0.86
2.47

5.16
9.76
1.07
1.87
2.58

4.86
5.57
0.87
8.68
7.49

7.47
5.28
1.58
8.49
401

3.08
8.88
6.19
201
211

4.58
4.49
4.79
901
911

3.09
7.99
301
511
521

7.49
501
801
121
231

401
411
811
131
341

011
221
621
041
351

811
031
431
051
361

621
931
341
951
471

331
741
251
961
481

251
861
471
391
112

271
981
691
812
732

012
232
932
662
092

842
472
382
513
343

94
84

"46/5
74
64

0370.0
0670.0
1870.0
5870.0
0180.0

91400.0
45400.0
97400.0
48400.0
51500.0

1.74
0.15
8.35
4.45
9.75

4.66
9.17
9.57
6.67
6.18

8.08
5.78
3.29
3.39
2.99

7.29
101
601
701
411

301
211
811
911
721

311
221
921
031
931

121
231
431
041
941

921
041
841
941
951

631
841
651
851
861

341
551
461
561
671

651
961
871
081
191

661
081
091
291
402

871
291
302
502
812

981
502
612
812
232

102
712
922
232
642

922
942
262
562
282

852
082
592
892
713

613
243
163
563
883

473
504
724
234
954

54
44
34
24

"23/3

0280.0
0680.0
0980.0
5390.0
7390.0

82500.0
28500.0
22600.0
78600.0
09600.0

3.95
3.56
9.96
2.77
5.77

6.38
1.29
5.89
901
011

201
311
021
331
331

711
921
831
251
351

031
341
351
961
071

141
751
761
581
681

351
961
081
991
002

361
971
291
212
212

271
981
202
322
422

081
991
212
432
532

691
612
132
552
652

902
032
642
272
372

422
642
362
192
292

832
262
082
013
113

352
872
892
923
053

982
913
043
673
873

523
953
383
324
524

893
934
964
815
025

174
915
555
216
516

14
04
93
83
73

0690.0
0890.0
5990.0
5101.0
0401.0

42700.0
45700.0
87700.0
90800.0
94800.0

3.18
7.48
4.78
9.09
4.59

511
021
421
821
531

041
641
051
651
461

161
761
271
971
881

871
681
291
991
902

591
302
902
812
822

012
812
522
432
642

322
232
932
942
162

532
542
352
362
672

742
752
562
672
092

962
082
982
003
513

782
892
803
023
633

603
913
923
243
953

623
043
153
563
383

643
163
273
783
604

693
314
624
344
464

644
464
974
894
325

645
865
585
016
046

546
276
396
127
757
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)deunitnoc(secifirOdnasdupSfoseiticapaC

LLIRD
NOITANGISED

,RETEMAID
SEHCNI

,AERA
ERAUQS
SEHCNI

0.1FOTNEICIFFEOCECIFIRONADNASAGLARUTANERUSSERPHGIHYTIVARG6.0FOHFCNISEITICAPAC

eguaGisP,erusserPmaertspU

1 2 3 4 5 6 7 8 9 01 21 41 61 81 02 52 03 04 05

63
"46/7

53
43
33

5601.0
4901.0
0011.0
0111.0
0311.0

19800.0
04900.0
05900.0
86900.0
30010.0

001
601
701
901
311

141
941
151
451
951

271
281
381
781
491

791
802
012
412
222

912
132
432
832
742

042
352
552
062
072

852
272
572
082
092

472
982
292
892
903

092
503
903
513
623

403
123
423
033
243

133
943
353
953
273

253
273
673
383
693

773
893
204
014
424

204
424
824
634
254

624
944
454
364
084

784
415
025
035
945

945
975
585
695
816

176
807
617
927
657

497
838
748
368
498

23
13
"8/1

03
92

0611.0
0021.0
0521.0
5821.0
0631.0

75010.0
13110.0
72210.0
69210.0
33410.0

911
721
831
641
461

861
971
591
602
032

402
812
732
052
082

432
052
272
782
223

062
872
203
913
753

482
403
033
843
093

603
723
553
573
024

523
843
773
993
744

343
763
993
124
274

063
683
814
244
594

293
024
654
184
935

814
744
584
215
575

744
874
915
845
516

674
015
355
485
556

505
145
785
026
596

875
916
176
907
597

156
696
657
897
398

697
258
429
679
0011

249
0101
0011
0611
0031

82
"46/9

72
62
52

5041.0
60410
0441.0
0741.0
5941.0

94510.0
35510.0
92610.0
79610.0
55710.0

471
571
381
191
791

642
642
852
962
872

992
003
413
723
933

343
443
163
673
883

183
283
104
714
234

614
714
834
654
274

844
944
174
194
705

674
874
105
225
045

305
405
925
155
075

825
925
555
975
895

575
675
506
036
156

216
416
446
176
496

556
756
986
817
247

896
007
437
467
097

047
247
977
118
938

748
948
198
829
069

459
659
0101
0501
0801

0711
0711
0321
0821
0331

0831
0931
0641
0251
0751

42
32

"23/5
22
12

0251.0
0451.0
2651.0
0751.0
0951.0

51810.0
36810.0
71910.0
63910.0
68910.0

402
012
612
812
322

882
592
403
703
513

053
953
073
373
383

204
214
424
824
044

644
854
274
674
884

094
105
515
025
435

525
935
455
065
475

855
375
985
595
116

985
506
326
926
546

916
536
356
066
776

476
196
117
317
737

817
737
857
567
587

867
887
118
918
048

818
938
368
278
498

768
098
619
529
949

299
0201
0501
0601
0901

0211
0511
0811
0021
0321

0731
0141
0541
0641
0051

0261
0661
0171
0371
0771

02
91
81

"46/11
71

0161.0
0661.0
5961.0
9171.0
0371.0

63020.0
46120.0
65220.0
02320.0
15320.0

922
342
452
162
462

323
343
853
863
373

393
714
534
744
354

154
974
994
315
025

105
235
555
175
875

745
185
606
326
236

985
526
256
176
086

626
566
496
317
327

166
307
337
357
367

496
837
967
097
108

657
308
738
168
278

508
558
298
719
929

168
519
459
189
499

719
579
0201
0501
0601

379
0401
0801
0111
0311

0211
0911
0421
0721
0921

0621
0431
0931
0341
0541

0451
0361
0071
0571
0771

0281
0391
0102
0702
0012

61
51
41
31

0771.0
0081.0
0281.0
0581.0

16420.0
54320.0
20620.0
88620.0

772
682
392
203

093
304
214
624

574
194
205
815

545
365
675
595

506
626
046
166

166
486
996
227

117
637
257
777

657
287
008
628

997
628
548
378

938
868
788
619

319
449
569
799

379
0101
0301
0601

0401
0801
0011
0411

0111
0511
0811
0121

0811
0221
0521
0921

0531
0041
0341
0741

0251
0751
0161
0661

0681
0291
0691
0302

0022
0722
0232
0042

"61/3
21
11
01

9

5781.0
0981.0
0191.0
0391.0
0691.0

16720.0
60820.0
56820.0
04920.0
71030.0

013
513
223
133
933

734
544
454
664
874

235
145
255
765
285

116
126
436
056
766

976
096
407
327
247

247
457
077
097
018

897
118
828
058
278

948
268
188
409
729

698
119
039
559
089

149
659
679
0101
0301

0301
0501
0701
0901
0211

0011
0111
0411
0711
0021

0711
0911
0221
0521
0721

0521
0721
0921
0331
0631

0231
0431
0731
0141
0541

0151
0451
0751
0161
0561

0071
0371
0771
0181
0681

0802
0212
0612
0222
0822

0642
0052
0652
0262
0962

8
7

"46/31
6
5

0991.0
0102.0
1302.0
0402.0
5502.0

01130.0
37130.0
14230.0
96230.0
71330.0

053
753
463
763
373

394
305
315
815
525

006
216
526
036
936

886
207
717
327
437

567
087
797
408
618

538
258
078
878
198

998
719
739
549
959

659
579
699
0101
0201

0101
0301
0601
0701
0801

0601
0901
0111
0211
0311

0611
0811
0121
0221
0321

0321
0621
0921
0031
0231

0231
0531
0731
0931
0141

0041
0341
0641
0841
0051

0941
0251
0551
0751
0951

0071
0471
0871
0971
0281

0291
0691
0002
0202
0502

0532
0932
0542
0742
0052

0772
0382
0982
0292
0692

4
3

"23/7
2
1

0902.0
0312.0
7812.0
0122.0
0822.0

13430.0
36530.0
85730.0
63830.0
38040.0

683
004
224
134
954

345
465
595
806
746

166
786
427
937
787

937
887
138
948
309

448
678
429
349
0101

129
959
0101
0301
0011

199
0301
0901
0111
0811

0601
0011
0611
0811
0621

0211
0611
0221
0521
0331

0711
0221
0821
0131
0041

0821
0331
0041
0341
0251

0631
0141
0941
0251
0261

0541
0151
0951
0361
0371

0551
0161
0071
0371
0481

0461
0171
0081
0481
0591

0881
0591
0602
0012
0422

0212
0022
0232
0732
0252

0952
0962
0382
0982
0803

0772
0382
0982
0292
0692

A
"46/51

B
C
D

0432.0
4432.0
0832.0
0242.0
0642.0

10340.0
41340.0
94440.0
00640.0
33740.0

384
584
005
715
435

186
386
507
527
337

928
138
758
619

159
459
489
0201
0601

0601
0601
0011
0311
0711

0611
0611
0021
0421
0821

0521
0521
0921
0331
0731

0331
0331
0731
0241
0641

0041
0041
0541
0051
0551

0741
0741
0251
0751
0261

0061
0061
0561
0171
0771

0071
0171
0671
0281
0881

0281
0381
0881
0591
0102

0491
0591
0102
0802
0412

0602
0702
0312
0022
0822

0632
0632
0442
0252
0062

0562
0662
0472
0482
0392

0423
0523
0533
0743
0853

0603
0813
0533
0243
0463

"4/1=E
F
G

"46/71
H

0052.0
0752.0
0162.0
6562.0
0662.0

90940.0
78150.0
05350.0
24550.0
75550.0

255
385
106
326
426

777
128
748
878
088

649
0001
0401
0701
0701

0901
0511
0911
0321
0321

0121
0821
0231
0731
0731

0231
0041
0441
0941
0051

0241
0051
0551
0161
0161

0151
0061
0561
0171
0171

0061
0961
0471
0181
0181

0861
0771
0381
0981
0091

0381
0391
0991
0602
0702

0491
0502
0212
0912
0022

0802
0022
0722
0532
0532

0122
0432
0142
0052
0152

0532
0842
0652
0562
0662

0962
0482
0392
0303
0403

0303
0023
0033
0143
0243

0073
0193
0304
0814
0914

0834
0264
0774
0494
0594
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L
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776
796
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0351
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0651
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0871
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0081
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0681
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0891
0602
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0422
0032
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0542

0032
0932
0542
0642
0162
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0362
0362
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0262
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0872
0882
0792
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0033
0933
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0283
0383
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0834
0454
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0894
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0355
0455
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N
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O

0392.0
9692.0
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5213.0
0613.0

538600.0
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867
877
508
268
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0011
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0841
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0351
0951
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0861
0171
0671
0981
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0891
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0013
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0303
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0233

0803
0213
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0453

0723
0133
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0763
0573

0473
0973
0293
0024
0924

0124
0624
0144
0274
0384

0515
0225
0045
0875
0195

0906
0716
0936
0486
0996

P
"46/12

Q
R

"23/11

0323.0
1823.0
0233.0
0933.0
7343.0

491800.0
654800.0
756800.0
620900.0
182900.0

029
059
279
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0501

0031
0431
0731
0341
0741

0851
0361
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0781
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0002
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0202
0802
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0022
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0342
0052

0732
0542
0052
7062
0962
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0062
0662
0872
0682

0662
0572
0182
0392
0203

0082
0982
0592
0803
0713

0403
0413
0123
0533
0543

0423
0533
0243
0753
0763

0743
0853
0663
0283
0393

0963
0183
0093
0704
0814

0293
0404
0414
0234
0444

0844
0364
0474
0494
0805

0505
0125
0335
0655
0275

0816
0736
0256
0086
0996

0037
0457
0277
0408
0728

S
T

"46/32
U

"8/3

0843.0
0853.0
4953.0
0863.0
0573.0

11590.0
6001.0
4101.0
5601.0
5011.0

0701
0311
0411
0021
0421

0151
0061
0161
0961
0571

0481
0491
0691
0502
0312

0112
0322
0522
0632
0542

0432
0842
0052
0262
0272

0352
0172
0372
0682
0792

0572
0192
0392
0803
0023

0392
0013
0213
0723
0043

0903
0723
0033
0643
0953

0423
0343
0643
0363
0773

0353
0473
0773
0593
0014

0673
0004
0104
0124
0734

0204
0624
0924
0054
0764

0924
0354
0754
0974
0894

0554
0184
0584
0505
0825

0025
0055
0555
0285
0406

0685
0026
0426
0556
0086

0717
0857
0467
0208
0338

0848
0798
0409
0849
0589

V
W

"46/52
X
Y

0773.0
0683.0
0693.0
0793.0
0404.0

6111.0
0711.0
8911.0
8321.0
2821.0

0621
0231
0531
0931
0441

0771
0681
0091
0691
0302

0512
0622
0132
0932
0742

0742
0952
0562
0472
0482

0572
0092
0592
0503
0513

0003
0023
0223
0333
0543

0323
0833
0643
0853
0173

0343
0063
0863
0183
0493

0363
0083
0983
0204
0614

0183
0993
0904
0224
0734

0414
0434
0544
0064
0674

0144
0364
0474
0094
0705

0274
0005
0015
0425
0245

0305
0725
0045
0855
0875

0435
0955
0375
0295
0316

0016
0536
0556
0776
0107

0786
0027
0837
0267
0987

0148
0288
0309
0339
0669

0599
004,01
007,01
001,11
005,11

"23/31
Z

"46/72
"61/7
"46/92

2604.0
0314.0
9124.0
5734.0
1354.0

5921.0
0431.0
8931.0
3051.0
3161.0

0641
0151
0751
0961
0281

0602
0312
0222
0832
0652

0052
0952
0072
0092
0113

0782
0792
0013
0333
0753

0913
0033
0443
0073
0004

0843
0063
0673
0404
0324

0573
0783
0404
0534
0664

0993
0314
0034
0264
0005

0124
0534
0454
0884
0415

0244
0754
0774
0215
0055

0184
0794
0915
0855
0995

0215
0035
0355
0495
0836

0845
0765
0195
0636
0286

0485
0406
0036
0776
0727

0026
0046
0866
0027
0077

0907
0337
0567
0228
0288

0897
0528
0168
0529
0399

0679
00101
00601
00411
00221

006,11
000,21
005,21
004,31
004,41

"23/51
"46/13

"2/1
"46/33
"23/71

7864.0
4484.0
0005.0
6515.0
3135.0

6271.0
3481.0
4691.0
8802.0
7122.0

0491
0702
0122
0532
0942

0472
0823
0113
0133
0153

0333
0553
0973
0304
0824

0283
0804
0534
0264
0194

0524
0354
0384
0415
0545

0464
0594
0825
0165
0695

0994
0335
0865
0406
0146

0135
0765
0436
0246
0286

0165
0995
0836
0876
0027

0885
0826
0966
0217
0657

0146
0486
0927
0577
0328

0286
0827
0677
0528
0678

0037
0977
0138
0948
0739

0777
0038
0588
0049
0899

0038
0088
0049
000,01
006,01

0449
001,01
008,01
005,11
002,21

007,01
004,11
001,21
009,21
007,31

0031
00931
00841
00851
00761

004,51
004,61
005,71
006,81
008,91

"46/53
"61/9
"46/73
"23/91
"46/93

9645.0
5265.0
1875.0
8395.0
4906.0

9432.0
5842.0
5262.0
9672.0
7192.0
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0972
0592
0113
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0273
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0614
0934
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0774
0605
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0265
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0055
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0546
0186
0717

0136
0866
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0447
0387

0976
0817
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0008
0348

0227
0467
0708
0158
0798

0367
0708
0258
0998
0749

0108
0748
0598
0449
0499

0278
0229
0479
003,01
009,01

0929
0289
073,01
049,01
006,11

0399
005,01
001,11
007,11
004,21

006,01
002,11
009,11
005,21
002,31

003,11
009,11
006,21
003,31
000,41

009,21
006,31
004,41
002,51
000,61

005,41
003,51
002,61
001,71
000,81

00771
00881
00891
00902
00022

000,12
000,22
004,32
007,42
000,62

"8/5
"46/14
"23/12
"46/34
"61/11

0526.0
6046.0
2656.0
9176.0
5786.0

8603.0
3223.0
2833.0
5453.0
2173.0

0543
0263
0083
0893
0714

0684
0115
0635
0265
0885

0195
0126
0256
0386
0517

0976
0317
0847
0487
0128

0457
0297
0238
0278
0319

0428
0668
0809
0259
0799

0788
0139
0779
003,01
006,01

0349
0199
004,01
009,01
005,11

0699
005,01
000,11
005,11
001,21

005,01
000,11
006,11
001,21
007,21

004,11
000,21
006,21
002,31
008,31

002,21
008,21
004,31
000,41
007,41

007,21
007,31
003,41
000,51
00751

009,31
006,41
003,51
000,61
008,61

007,41
004,51
002,61
000,71
008,71

008,61
007,71
005,81
004,91
003,02

009,81
009,91
009,02
009,12
009,22

00132
00342
00552
00762
00082

004,72
008,82
002,03
006,13
001,33

"23/32
"4/3

"23/52
"61/31
"23/72

8817.0
0057.0
2187.0
5218.0
8348.0

7504.0
8144.0
4974.0
5815.0
1955.0

0654
0694
0935
0385
0826

0346
0007
0957
0128
0588
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0158
0429
0999
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0798
0779
006,01
005,11
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009,01
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008,31
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000,41
000,51
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005,21
006,31
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000,52
002,72
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00603
00333
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00193
00124

002,63
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008,24
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"8/7
"23/92
"61/51
"23/13

"0.1

0578.0
2609.0
5739.0
8869.0
0000.1
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4587.0

0676
0527
0577
0828
0288

0259
002,01
009,01
007,11
004,21

006,11
004,21
003,31
002,41
001,51

003,31
003,41
003,51
003,61
004,71

008,41
009,51
000,71
002,81
003,91

002,61
004,71
006,81
008,91
001,12

004,71
007,81
000,02
003,12
007,22

005,81
000,91
002,12
007,22
002,42

006,91
000,12
004,22
000,42
005,52

005,02
000,22
006,32
001,52
008,62

003,22
000,42
006,52
004,72
002,92

008,32
005,52
005,72
002,92
001,13

005,52
004,62
002,92
002,13
002,33

001,72
001,92
001,13
002,33
004,53

008,82
009,03
000,33
003,53
006,73

009,23
003,53
008,73
003,04
000,34

000,73
007,93
005,24
004,54
004,84

00354
00684
00025
00655
00295

006,35
005,75
005,16
007,56
000,07



Technical

 K - 111

KK

S
IL

IC
O

N
E

F
L

U
ID

2
0
0

C
S

S
IL

IC
O

N
E

F
L

U
ID

1
0
0
0

C
S

M
IL

-T
-5624

(JP
-4)

M
IL

-C
-7024

T
Y
P
E

II

JE
T

A

A
LC

O
H
O

L
&

A
C
ETO

N
E

ETH
YLEN

E
G

LYC
O

L
W

ATER
M

IXTU
R
E

50/50

D
IE

S
E
L

F
U

E
L

M
IL

-T
-5624

(JP
-5)

&
K

E
R

O
S
E
N

E

JE
T

A

H
02

B
E

N
Z
E

N
E

M
IL

-G
-5572

A
V

IA
T
IO

N
G

A
S

O
L
IN

E

ETHYLENE
O

XIDE

A
U

TO
M

O
B

IL
E

G
A

S
O

L
IN

E
A
V
G

M
IL

-T
-5624

(JP
-5)

&
K

E
R

O
S
E
N

E

M
IL

-H
-6

0
8
3

M
IL

-H
-5

6
0
6

S
K

Y
D

R
O

L
5
0
0

B
-4

&
L
D

-4

M
IL

-H
-5

6
0
6

M
IL

-L
-23699

M
IL

-H
-6

0
8
3

M
IL

-L
-7808

&
M

IL
-H

-83282

M
IL

-L
-7808

&
M

IL
-H

-83282

S
K

Y
D

R
O

L
7000

M
IL

-L
-6081

(1010)

#
4

F
U

E
L

O
IL

#
4

F
U

E
L

O
IL

D
IE

S
E
L

F
U

E
L

E
TH

Y
LE

N
E

G
LY

C
O

L
100%

S
A

E
30

S
A

E
20

S
A

E
10

M
IL

-L
-23699

S
K

Y
D

R
O

L
7000

S
A

E
40

1
0

,0
0

0

V
is

c
o

s
itie

s
o

f
T
y

p
ic

a
l

F
lu

id
s

v
s

.
T
e

m
p

e
ra

tu
re

T
E

M
P

E
R

A
T

U
R

E
F°

KINEMATIC VISCOSITY - CENTISTOKES
5

,0
0

0

2
,0

0
0

1
,0

0
0

5
0

0

2
0

0

1
0

0

5
0

2
0

1
0

.0

8
.0

6
.0

4
.0

3
.0

2
.0

1
.5

1
.0

0
.9

0
.8

0
.7

0
.6

-6
0

-4
0

-2
0

0
2

0
4

0
6

0
8

0
1

0
0

1
5

0
2

0
0

2
5

0
3

0
0

3
5

0

S
A

E
90

S
A

E
90

S
A

E
140

S
A

E
140

S
IL

IC
O

N
E

F
L

U
ID

5
0
0

C
S

M
IL

-L
-6082

(1100),S
A

E
50,&

B
U

N
K

E
R

-C

M
IL

-L
-6081

(1010)



Technical

 K - 112

KK

J
E

T
A

A
L

C
O

H
O

L
&

A
C

E
T

O
N

E

H
02

H
02

M
IL

-G
-5

5
7
2

A
V

IA
T

IO
N

G
A

S
O

L
IN

E

E
T
H

Y
L
E

N
E

O
X

ID
E

A
U

T
O

M
O

B
IL

E
G

A
S

O
L

IN
E

A
V

G

E
T

H
Y

L
E

N
E

G
L
Y

C
O

L
W

A
T

E
R

M
IX

T
U

R
E

5
0
/5

0

S
K

Y
D

R
O

L
5
0
0

B
-4

S
IL

IC
O

N
E

F
L

U
ID

S

#
4

F
U

E
L

O
IL

&
B

U
N

K
E

R
-C

M
IL

-H
-5

6
0
6

&
M

IL
-H

-8
3
2
8
2

M
IL

-L
-6

0
8
1

(1
0
1
0
)

&
M

IL
-H

-6
0
8
3

M
IL

-T
-5

6
2
4

(J
P

-5
)

M
IL

-C
-7

0
2
4

T
Y

P
E

1
1

M
IL

-T
-5

6
2
4

(J
P

-4
)

M
IL

-L
7
8
0
8

M
IL

-L
7
8
0
8

M
IL

-L
-2

3
6
9
9

K
E

R
O

S
E

N
E

M
IL

-L
-6

0
8
2

(1
1
0
0
),

S
A

E
5
0
,
9
0

&
1
4
0

A
V

G
D

IE
S

E
L

F
U

E
L

S
,
B

E
N

Z
E

N
E

&
S

A
E

1
0

T
H

R
U

4
0

A
V

G

S
IL

IC
O

N
E

F
L

U
ID

S

S
K

Y
D

R
O

L
7
0
0
0

S
K

Y
D

R
O

L
L

D
-4

E
T

H
Y

L
E

N
E

G
L
Y

C
O

L
1
0
0
%

1
.2

0

1
.1

5

1
.1

0

1
.0

5

1
.0

0

0
.9

5

0
.9

0

0
.8

5

0
.8

0

0
.7

5

0
.7

0

0
.6

5

0
.6

0

0
.5

5

0
.5

0

T
E

M
P

E
R

A
T

U
R

E
F°

SPECIFIC GRAVITY
(WITH RESPECT TO H 0 @ 60 F)2 °

-6
0

-4
0

-2
0

0
2
0

4
0

6
0

8
0

1
0
0

1
8
0

1
6
0

1
4
0

1
2
0

2
0
0

2
8
0

2
6
0

2
4
0

2
2
0

3
0
0

S
p

e
c
ific

G
ra

v
ity

o
f

T
y
p

ic
a
l
F

lu
id

s
v
s
.
T
e
m

p
e
ra

tu
re



Technical

 K - 113

KK
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seidoBevlaV051ssalCISNArofsgnitaRerutarepmeT-erusserPdradnatS )1(

ECIVRES
ERUTAREPMET

)C°(F°

)RAB(GISP,ERUSSERPGNIKROW

BCL CCL BCW CCW 6CW 9CW 8FC ro 403 M8FC ro 613 M3FC ro L613 M8GC ro 713 C8FC ro 743

)83ot92-(001ot02-
)39(002

)3.81(562
)2,71(052

)0,02(092
)9.71(062

)7.91(582
)9.71(062

)0,02(092
)9.71(062

)0,02(092
)9.71(062

)0,02(092
)9.71(062

)0,91(572
)8,31(032

)0,91(572
)2.61(532

)0,91(572
)2.61(532

)0,91(572
)2.61(532

)0,91(572
)6,71(552

)941(003
)402(004

)9,51(032
)8,31(002

)9,51(032
)8,31(002

)9,51(032
)8,31(002

)9,51(032
)8,31(002

)9,51(032
)8,31(002

)9,51(032
)8,31(002

)1,41(502
)1,31(091

)8,41(512
)4,31(591

)8,41(512
)4,31(591

)8,41(512
)4,31(591

)9,51(032
)8,31(002

)062(005
)613(006

)7,11(071
)56,9(041

)7,11(071
)56,9(041

)7,11(071
)56,9(041

)7,11(071
)56,9(041

)7,11(071
)56,9(041
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)56,9(041

)7,11(071
)56,9(041

)7,11(071
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)7,11(071
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)7,11(071
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)343(056
)173(007

)26,8(521
---

)26,8(521
---

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011

)26,8(521
)85,7(011
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seidoBevlaV003ssalCISNArofsgnitaRerutarepmeT-erusserPdradnatS )1(

ECIVRES
ERUTAREPMET

)C°(F°

)RAB(GISP,ERUSSERPGNIKROW

BCL CCL BCW CCW 6CW 9CW 8FC ro 403 M8FC ro 613 M3FC ro L613 M8GC ro 713 C8FC ro 743

)83ot92-(001ot02-
)39(002

)9,74(596
)2,54(556

)7,15(057
)7,15(057

)0,15(047
)5,64(576

)7,15(057
)7,15(057

)7,15(057
)7,15(057

)7,15(057
)7,15(057

)6,94(027
)4,14(006
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)7,24(026
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)9,74(596
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)4,23(074
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)5,53(515

)6,83(065
)5,53(515

)6,83(065
)5,53(515

)4,24(516
)6,93(575

)062(005
)613(006

)3,04(585
)9,63(535

)9,54(566
)7,14(506

)4,14(006
)9,73(055

)9,54(566
)7,14(506

)9,54(566
)7,14(506

)9,54(566
)7,14(506

)0,03(534
)6,82(514

)1,33(084
)1,13(054

)1,33(084
)1,13(054

)1,33(084
)1,13(054

)2,73(045
)5,53(515

)343(056
)173(007

)2,63(525
---

)7,04(095
---

)9,63(535
)9,63(535

)7,04(095
)3,93(075

)7,04(095
)3,93(075

)7,04(095
)3,93(075

)3,82(014
)9,72(504

)7,03(544
)6,92(034

)7,03(544
)6,92(034

)7,03(544
)6,92(034

)8,43(505
)1,43(594
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ECIVRES
ERUTAREPMET

)C°(F°

)RAB(GISP,ERUSSERPGNIKROW

BCL CCL BCW CCW 6CW 9CW 8FC ro 403 M8FC ro 613 M3FC ro L613 M8GC ro 713 C8FC ro 743

)83ot92-(001ot02-
)39(002

0931
5131

0051
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0841
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0051
0051

0051
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0051
0051

0441
0021
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0421
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0421

0441
0231

)941(003
)402(004

5721
5321

5541
0141

5131
0721

5541
0141

5441
5831

5541
0141

0801
599

0211
5201

0211
5201

0211
5201

0321
5411

)062(005
)613(006
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5601
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0121
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0121
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559
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seidoBevlaVEWBroTPN051ssalCISNArofsgnitaRerutarepmeT-erusserPlaicepS )1(

ECIVRES
ERUTAREPMET

)C°(F°

)RAB(GISP,ERUSSERPGNIKROW

BCL CCL BCW CCW 6CW 9CW 8FC ro 403 M8FC ro 613 M3FC ro L613 M8GC ro 713 C8FC ro 743

)83ot92-(001ot02-
)39(002

)3,81(562
)3,81(562

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)6,71(552

)0,02(092
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)0,02(092
)3,81(562

)0,02(092
)3,81(562

)0,02(092
)0,91(572

)941(003
)402(004

)3,81(562
)3,81(562

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)7,91(582
)3,91(082

)9,51(032
)5,41(012

)5,61(042
)2,51(022

)5,61(042
)2,51(022

)5,61(042
)2,51(022

)2,71(052
)2,61(532

)062(005
)613(006

)3,81(562
)3,81(562

)0,02(092
)0,02(092

)0,02(092
)0,91(572

)0,02(092
)0,02(092

)0,02(092
)0,02(092

)0,91(572
)0,91(572

)8,31(002
)8,21(581

)1,41(502
)4,31(591

)1,41(502
)4,31(591

)1,41(502
)4,31(591

)9,51(032
)2,51(022

)343(056
)173(007

)9,71(062
---

)0,02(092
---

)6,81(072
)3,81(562

)0,02(092
)0,91(572

)0,02(092
)3,91(082

)0,91(572
)0,91(572

)8,21(581
)4,21(081

)1,31(091
)8,21(581

)1,31(091
)8,21(581

)1,31(091
)8,21(581

)8,41(512
)5,41(012
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77.32
51.12
48.81

0181.0
0561.0
9641.0
8031.0

75.82
93.63
53.54
61.35

92.11
03.01

61.9
61.8

9 526.8

...

...

...

...
DTS

...

...
02
03
04

S5
S01
...
...
S04

901.0
841.0
052.0
772.0
223.0

704.8
923.8
521.8
170.8
189.7

619.2
149.3

75.6
62.7
04.8

15.55
84.45
58.15
61.15
30.05

5583.0
4873.0
1063.0
3553.0
4743.0

39.9
04.31
63.22
07.42
55.82

60.42
16.32
74.22
71.22
07.12

...
SX
...
...
...
SXX
...

06
08
001
021
041
...
061

...
S08
...
...
...
...
...

604.0
005.0
495.0
917.0
218.0
578.0
609.0

318.7
526.7
734.7
781.7
100.7
578.6
318.6

84.01
67.21
69.41
48.71
39.91
03.12
79.12

49.74
66.54
64.34
95.04
05.83
21.73
64.63

9233.0
1713.0
8103.0
9182.0
3762.0
8752.0
2352.0

46.53
93.34
59.05
17.06
67.76
24.27
96.47

77.02
87.91
38.81
95.71
86.61
01.61
08.51

01 057.01

...

...

...

...
DTS

...

...
02
03
04

S5
S01
...
...
S04

431.0
561.0
052.0
703.0
563.0

284.01
024.01
052.01
631.01
020.01

63.4
94.5
42.8
70.01
09.11

92.68
82.58
25.28
96.08
68.87

2995.0
2295.0
1375.0
3065.0
5745.0

91.51
56.81
40.82
42.43
84.04

93.73
59.63
67.53
69.43
02.43

SX
...
...
...
SXX
...

06
08
001
021
041
061

S08
...
...
...
...
...

005.0
495.0
917.0
448.0
000.1
521.1

057.9
265.9
213.9
260.9
057.8
005.8

01.61
29.81
36.22
42.62
36.03
20.43

66.47
48.17
31.86
35.46
31.06
57.65

5815.0
9894.0
2374.0
1844.0
6714.0
1493.0

47.45
34.46
30.77
92.98
31.401
46.511

53.23
31.13
35.92
69.72
60.62
95.42

.91.93Bdna01.63BISNAmorfdetcartxeerasthgiewdnassenkcihtllaw,noitacifitnedI
.ylevitcepserepipgnortSartxEelbuoDdna,gnortSartxE,dradnatSetacidniSXXdna,SX,DTSsnoitatonehT

.htgnelepipfotoofrepteefcibucniemulovtneserperosla"teeferauqs"nidetsilseulavaeralanretniesrevsnarT
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snoisnemiDegnalFepiPnaciremA
42.61BDNA,5.61B,1.61BISNAREP,SEHCNI--RETEMAIDEGNALFSSALCISNA

lanimoN
eziSepiP

)norItsaC(521
051ro
)leetS( )1(

)norItsaC(052
)leetS(003ro )2( 006 009 0051 0052

1
4/1-1
2/1-1

2
2/1-2

52.4
26.4
00.5
00.6
00.7

88.4
52.5
21.6
05.6
05.7

88.4
52.5
21.6
05.6
05.7

88.5
52.6
00.7
05.8
26.9

88.5
52.6
00.7
05.8
26.9

52.6
52.7
00.8
52.9
05.01

3
4
5
6
8

05.7
00.9
00.01
00.11
05.31

52.8
00.01
00.11
05.21
00.51

52.8
57.01
00.31
00.41
05.61

05.9
05.11
57.31
00.51
05.81

05.01
52.21
57.41
05.51
00.91

00.21
00.41
05.61
00.91
57.12

01
21
41
61
81

00.61
00.91
00.12
05.32
00.52

05.71
05.02
00.32
05.52
00.82

00.02
00.22
57.32
00.72
52.92

05.12
00.42
52.52
57.72
00.13

00.32
05.62
05.92
05.23
00.63

05.62
00.03
---
---
---

02
42
03
63
24
84

05.72
00.23
57.83
00.64
00.35
05.95

05.03
00.63
00.34
00.05
00.75
00.56

00.23
00.73
---
---
---
---

57.33
00.14
---
---
---
---

57.83
00.64
---
---
---
---

---
---
---
---
---
---

.segnalfeznorb051ssalCISNAotylppaoslahcni-21hguorhthcni-1seziS.1
.segnalfeznorb003ssalCISNAotylppaoslahcni-8hguorhthcni-1seziS.2

snoisnemiDegnalFepiPnaciremA
,SEHCNINIRETEMAIDELOHDNASTLOBDUTSFOREBMUN,SSALCISNA

42.61BDNA,5.61B,1.61BISNAREP

lamroN
piP e

eziS

tsaC(521
)norI
051ro
)leetS( )1(

tsaC(052
)norI
003ro
)leetS( )2(

006 009 0051 0052

.oN .aiD .oN .aiD .oN .aiD .oN .aiD .oN .aiD .oN .aiD

1
4/1-1
2/1-1

2
2/1-2

4
4
4
4
4

05.0
05.0
05.0
26.0
26.0

4
4
4
8
8

26.0
26.0
57.0
26.0
57.0

4
4
4
8
8

26.0
26.0
57.0
26.0
57.0

4
4
4
8
8

88.0
88.0
00.1
88.0
00.1

4
4
4
8
8

88.0
88.0
00.1
88.0
00.1

4
4
4
8
8

88.0
00.1
21.1
00.1
21.1

3
4
5
6
8

4
8
8
8
8

26.0
26.0
57.0
57.0
57.0

8
8
8
21
21

57.0
57.0
57.0
57.0
88.0

8
8
8
21
21

57.0
57.0
00.1
00.1
21.1

8
8
8
21
21

88.0
21.1
52.1
21.1
83.1

8
8
8
21
21

21.1
52.1
05.1
83.1
26.1

8
8
8
8
21

52.1
05.1
57.1
00.2
00.2

01
21
41
61
81

21
21
21
61
61

88.0
88.0
00.1
00.1
21.1

61
61
02
02
42

00.1
21.1
21.1
52.1
52.1

61
02
02
02
02

52.1
52.1
83.1
05.1
26.1

61
02
02
02
02

83.1
83.1
05.1
26.1
88.1

21
61
61
61
61

88.1
002
52.2
05.2
57.2

21
21
---
---
---

05.2
57.2
---
---
---

02
42
03
63
24
84

02
02
82
23
63
44

21.1
52.1
52.1
05.1
05.1
05.1

42
42
82
23
63
04

52.1
05.1
57.1
00.2
00.2
00.2

42
42
---
---
---
---

26.1
88.1
---
---
---
---

02
02
---
---
---
---

00.2
05.2
---
---
---
---

61
61
---
---
---
---

00.3
05.3
---
---
---
---

---
---
---
---
---
---

---
---
---
---
---
---

.segnalfeznorb051ssalCISNAotylppaoslahcni-21hguorhthcni-1seziS.1
.segnalfeznorb003ssalCISNAotylppaoslahcni-8hguorhthcni-1seziS.2

61kcurdnneN–dradnatSegnalFleetStsaCNID
)raB61erusserPlanimoN(

LANIMON
,EROB

mm

EPIP
,SSENKCIHT

mm

,EGNALF mm ,GNITLOB mm

edistuO
retemaiD

ssenkcihT
tloB
elcriC

retemaiD

rebmuN
stloBfo

daerhT
tloB
dloH

retemaiD
01
51
02
52
23

6
6
5,6

7
7

09
59
501
511
041

61
61
81
81
81

06
56
57
58
001

4
4
4
4
4

21M
21M
21M
21M
61M

41
41
41
41
81

04
05
56
08
001

5,7
8
8
5,8
5,9

051
561
581
002
022

81
02
81
02
02

011
521
541
061
081

4
4
4
8
8

61M
61M
61M
61M
61M

81
81
81
81
81

521
051
571
002
052

01
11
21
21
41

052
582
513
043
504

22
22
42
42
62

012
042
072
592
553

8
8
8
21
21

61M
02M
02M
02M
42M

81
32
32
32
72

003
053
004
005
006

51
61
81
12
32

064
025
085
517
048

82
03
23
63
04

014
074
525
056
077

21
61
61
02
02

42M
42M
72M
03M
33M

72
72
03
33
63

007
008
009
0001
0021

42
62
72
92
23

019
5201
5211
5521
5841

24
24
44
64
25

048
059
0501
0711
0931

42
42
82
82
23

33M
63M
63M
93M
54M

63
93
93
24
84

0041
0061
0081
0002
0022

43
63
93
14
34

5861
0391
0312
5432
5552

85
46
86
07
47

0951
0281
0202
0322
0442

63
04
44
84
25

54M
25M
25M
65M
65M

84
65
65
26
26

52kcurdnneN—dradnatSegnalFleetStsaCNID
)raB52erusserPlanimoN(

LANIMON
,EROB

mm

EPIP
,SSENKCIHT

mm

,EGNALF mm ,GNITLOB mm

edistuO
retemaiD

ssenkcihT
tloB
elcriC

retemaiD

rebmuN
stloBfo

daerhT
dloHtloB
retemaiD

01
51
02
52
23

6
6
5,6

7
7

09
59
501
511
041

61
61
81
81
81

06
56
57
58
001

4
4
4
4
4

21M
21M
21M
21M
61M

41
41
41
41
81

04
05
56
08
001

5,7
8
5,8

9
01

051
561
581
002
532

81
02
22
42
42

011
521
541
061
091

4
4
8
8
8

61M
61M
61M
61M
02M

81
81
81
81
32

521
051
571
002
052

11
21
21
21
41

072
003
033
063
524

62
82
82
03
23

022
052
082
013
073

8
8
21
21
21

42M
42M
42M
42M
72M

72
72
72
72
03

003
053
004
005
006

51
61
81
12
32

584
555
026
037
548

43
83
04
44
64

034
094
055
066
077

61
61
61
02
02

72M
03M
33M
33M
63M

03
33
63
63
93

007
008
009
0001
0021

42
62
72
92
23

069
5801
5811
0231
0351

05
45
85
26
07

578
099
0901
0121
0241

42
42
82
82
23

93M
54M
54M
25M
25M

24
84
84
65
65

0041
0061
0081
0002

43
73
04
34

5571
5791
5912
5242

67
48
09
69

0461
0681
0702
0032

63
04
44
84

65M
65M
46M
46M

26
26
07
07
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04kcurdnneN–dradnatSegnalFleetStsaCNID
)raB04erusserPlanimoN(

LANIMON
,EROB

mm

EPIP
,SSENKCIHT

mm

,EGNALF mm ,GNITLOB mm

edistuO
retemaiD

ssenkcihT
elcriCtloB
retemaiD

rebmuN
stloBfo

daerhT
dloHtloB
retemaiD

01
51
02
52
23

6
6
5,6

7
7

09
59
501
511
041

61
61
81
81
81

06
56
57
58
001

4
4
4
4
4

21M
21M
21M
21M
61M

41
41
41
41
81

04
05
56
08
001

5,7
8
5,8

9
01

051
561
581
002
532

81
02
22
42
42

011
521
541
061
091

4
4
8
8
8

61M
61M
61M
61M
02M

81
81
81
81
32

521
051
571
002
052

11
21
31
41
61

072
003
053
573
054

62
82
23
43
83

022
052
592
023
583

8
8
21
21
21

42M
42M
72M
72M
03M

72
72
03
03
33

003
053
004
054
005

71
91
12
12
12

515
085
066
586
557

24
64
05
05
25

054
015
585
016
076

61
61
61
02
02

03M
33M
63M
63M
93M

33
63
93
93
24

006
007
008
009
0001

42
72
03
33
63

098
599
0411
0521
0631

06
46
27
67
08

597
009
0301
0411
0521

02
42
42
82
82

54M
54M
25M
25M
25M

84
84
65
65
65

0021
0041
0061

24
74
45

5751
5971
5202

88
89
801

0641
0861
0091

23
63
04

65M
65M
46M

26
26
07

46kcurdnneN–dradnatSegnalFleetStsaCNID
)raB46erusserPlanimoN(

LANIMON
,EROB

mm

EPIP
,SSENKCIHT

mm

,EGNALF mm ,GNITLOB mm

edistuO
retemaiD

ssenkcihT
elcriCtloB
retemaiD

rebmuN
stloBfo

daerhT
dloHtloB
retemaiD

01
51
52
23
04

01
01
01
21
01

001
501
041
551
071

02
02
42
42
82

07
57
001
011
521

4
4
4
4
4

21M
21M
61M
02M
02M

41
41
81
32
22

05
56
08
001
521

01
01
11
21
31

081
502
512
052
592

62
62
82
03
43

531
061
071
002
042

4
8
8
8
8

02M
02M
02M
42M
72M

22
22
22
62
03

051
571
002
052
003

41
51
61
91
12

543
573
514
074
035

63
04
24
64
25

082
013
543
004
064

8
21
21
21
61

03M
03M
33M
33M
33M

33
33
63
63
63

053
004
005
006
007

32
62
13
53
04

006
076
008
039
5401

65
06
86
67
48

525
585
507
028
539

61
61
02
02
42

63M
93M
54M
25M
25M

93
24
84
65
65

008
009
0001
0021

54
05
55
46

5611
5821
5141
5661

29
89
801
621

0501
0711
0921
0351

42
82
82
23

65M
65M
46M

6X27M

26
26
07
87

aCNID 001kcurdnneN—dradnatSegnalFleetSts
)raB001erusserPlanimoN(

LANIMON
,EROB

mm

EPIP
,SSENKCIHT

mm

EGNALF mm, GNITLOB mm,

edistuO
retemaiD

ssenkcihT
tloB
elcriC

retemaiD

rebmuN
stloBfo

daerhT
dloHtloB
retemaiD

01
51
52
23
04

01
01
01
21
01

001
501
041
551
071

02
02
42
42
82

07
57
001
011
521

4
4
4
4
4

21M
21M
61M
02M
02M

41
41
81
32
22

05
56
08
001
521

01
11
21
41
61

591
022
032
562
513

03
43
63
04
04

541
071
081
012
052

4
8
8
8
8

42M
42M
42M
72M
03M

62
62
62
03
33

051
571
002
052
003

81
02
12
52
92

553
583
034
505
585

44
84
25
06
86

092
023
063
034
005

21
21
21
21
61

03M
03M
33M
63M
93M

33
33
63
93
24

053
004
005
006
007

23
63
44
15
95

556
517
078
099
5411

47
87
49
401
021

065
026
067
578
0201

61
61
02
02
42

54M
54M
25M
65M
46M

84
84
65
26
07

sgnitaRevlaVleetStsaCNID–sdradnatSNID )1(

LANIMON
,ERUSSERP

)RAB(

)RAB(ERUSSERPGNIKROWELBISSIMREP

021–01- oC 002 oC 052 oC 003 oC 053 oC 004 oC

61
52
04
46
001

61
52
04
46
001

41
22
53
05
08

31
02
23
54
07

11
71
82
04
06

01
61
42
63
65

8
31
12
23
05

061
052
023
004

061
052
023
004

031
002
052
023

211
571
522
082

69
051
291
042

09
041
081
522

08
521
061
002

02tagnitarsemit5.1:erusserptsetcitatsordyH.1 o .C
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seziSllirDtsiwTdradnatS
NOITANGISED ).NI(RETEMAID ).NI.QS(AERA NOITANGISED ).NI(RETEMAID ).NI.QS(AERA NOITANGISED ).NI(RETEMAID ).NI.QS(AERA

2/1
46/13
23/51
46/92

61/7

0005.0
4484.0
8864.0
1354.0
5734.0

3691.0
3481.0
6271.0
3161.0
3051.0

3
4
5
6

46/31

312.0
902.0
5502.0

402.0
1302.0

36530.0
13430.0
71330.0
96230.0
14230.0

23/3
24
34
44
54

8390.0
5390.0
0980.0
0680.0
0280.0

09600.0
78600.0
22600.0
18500.0
82500.0

46/72
Z

23/31
Y
Z

9124.0
314.0
3604.0

404.0
793.0

8931.0
0431.0
6921.0
2821.0
8321.0

7
8
9
01
11

102.0
991.0
691.0
5391.0
191.0

37130.0
01130.0
71030.0
04920.0
56820.0

64
74
46/5

84
94

0180.0
5870.0
1870.0
0670.0
0370.0

51500.0
48400.0
97400.0
45400.0
91400.0

46/52
W
V
8/3

U

6093.0
683.0
773.0
573.0
863.0

8911.0
0711.0
6111.0
4011.0
4601.0

21
61/3

31
41
51

981.0
5781.0

581.0
281.0
0081.0

60820.0
16820.0
88620.0
20620.0
45520.0

05
15
25
61/1

35

0070.0
0760.0
5360.0
5260.0
5950.0

58300.0
35300.0
71300.0
70300.0
87200.0

46/32
T
S

23/11
R

4953.0
853.0
843.0
8343.0

933.0

4101.0
6001.0
11590.0
18290.0
62090.0

61
71

46/11
81
91

0771.0
0371.0
9171.0
5961.0
0661.0

16420.0
15320.0
02320.0
65220.0
46120.0

45
55
46/3

65
75

0550.0
0250.0
3740.0
5640.0
0340.0

83200.0
21200.0
37100.0
896100.0
254100.0

Q
46/12

P
O

61/5

233.0
1823.0

3230
613.0
5213.0

75680.0
65480.0
49180.0
34870.0
07670.0

02
12
22
23/5

32

0161.0
0951.0
0751.0
3651.0
0451.0

63020.0
68910.0
63910.0
71910.0
36810.0

85
95
06
16
26

0240.0
0140.0
0040.0

930.0
830.0

583100.0
023100.0
752100.0
591100.0
431100.0

N
46/91

M
L

23/9

203.0
9692.0

592.0
92.0

3182.0

36170.0
22960.0
53860.0
50660.0
31260.0

42
52
62
72
46/9

0251.0
5941.0
0741.0
0441.0
6041.0

51810.0
55710.0
79610.0
92610.0
35510.0

36
46
56
66
76

730.0
630.0
530.0
330.0
230.0

570100.0
810100.0
269000.0
558000.0
408000.0

K
J
I
H

46/71

182.0
772.0
272.0
662.0
6562.0

20260.0
62060.0
11850.0
75550.0
24550.0

82
92
03
8/1
13

5041.0
0631.0
5821.0
0521.0
0021.0

94510.0
35410.0
69210.0
72210.0
13110.0

23/1
86
96
07
17

3130.0
130.0
2920.0

820.0
620.0

567000.0
557000.0
076000.0
616000.0
135000.0

G
F

4/1E
D
C

162.0
752.0
0052.0

642.0
242.0

05350.0
78150.0
90940.0
35740.0
00640.0

23
33
43
53
46/7

0611.0
0311.0
0111.0
0011.0
4901.0

75010.0
30010.0
86900.0
05900.0
04900.0

27
37
47
57
67

520.0
420.0
5220.0
120.0
020.0

194000.0
254000.0
893000.0
643000.0
413000.0

B
46/51

A
1
2

832.0
4432.0

432.0
822.0
122.0

94440.0
41340.0
10340.0
38040.0
63830.0

63
73
83
93
04

5601.0
0401.0
5101.0
5990.0
0890.0

19800.0
94800.0
90800.0
87700.0
45700.0

77
87
46/1

97
08

810.0
610.0
6510.0
5410.0
5310.0

452000.0
102000.0
191000.0
561000.0
341000.0

23/7 8812.0 85730.0 14 0690.0 42700.0
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8/1 23/11 2/1-1 23/32-1

4/1 61/7 2 61/3-2

8/3 23/91 2/1-2 61/9-2

2/1 23/32 3 61/3-3

4/3 61/51 4 61/3-4

1 23/5-1 5 61/5-5

4/1-1 2/1-1 6 61/5-6
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