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FOREWORD

Precise definitions of terms and exact values of the constants employed in the various Perform-
ance Test Codes of this Society are fundamentally important. This Code is intended to provide
standard definitions and values required by each respective Performance Test Code and to
supplement each of them. Aside from the establishment of the value of basic units common to
all of the codes, the principal purpose of the Definitions and Values Code as defined by the
Performance Test Codes Supervisory Committee is to provide a source for any item used by
more than one of the Performance Test Codes committees. The Code herewith presented is an
outgrowth of four previous codes on Definitions and Values, issued and adopted by the Society,
and is intended to supersede them. A draft of the first code was printed in the December 1921
issue of Mechanical Engineering in preliminary form and was presented to the Society during the
Spring Meeting held in Atlanta, Georgia, May 1922. At the December 1, 1924 meeting of the
Standing Committee, the Code was approved for submission to the Council and on January 21,
1926 was approved and adopted by the latter as a standard practice of the Society.

The first edition was exhausted in the fall of 1928. Accordingly, acting under instructions
from the Standing Committee, PTC Committee No. 2 revised the Code. At the June 2, 1930
meeting of the Standing Committee, this second edition was approved in its finally revised form.
The Council approved this revised Code on May 14, 1931.

In June 1936, the Council approved the reorganization of Committee No. 2 to undertake a
thorough review of this Code. The reorganized Committee No. 2 proceeded to completely re-
write the Code. At the April 4, 1945 meeting of the Standing Performance Test Codes Committee,
this revision was approved and on June 17, 1945, it was approved and adopted by the Council.

In June 1969, PTC Committee No. 2, acting under instructions from the Standing Committee,
proceeded to revise and rewrite the Code. The final draft was presented to the Society as a paper
during the 1970 Winter Annual Meetingheld in New York, New York. The Code in final form was
approved by the Performance Test Codes Committee on January 4, 1971 and adopted by the
Council of the Society by action of the Policy Board on Codes and Standards on February 26,
1971,

in June 1972, PTC Committee No. 2, actingunder instructions of the Supervisory Committee,
proceeded to revise the Code to include SI (Metric) units and to include more up-to-date values.
This Code was approved by the Performance Test Codes Supervisory Committee on February 26,
1979 and was approved as an American National Standard by the ANSI Board of Standards Re-
view on July 21, 1980.
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AN AMERICAN NATIONAL STANDARD

ASME PERFORMANCE TEST CODES
Code on
DEFINITIONS AND VALUES

SECTION 1 — OBJECT AND SCOPE

1.01 The purpose of this Code is to provide the necessary
information and data to comply with the requirement of
PTC 1 that “all individual codes shall conform to the Code
on Definitions and Values (PTC 2).”

1.02 This Code contains standards for terms, units, values
of constants, symbols and technical nomenclature, which,
where applicable, are to be component parts of all indi-
vidual test codes.

1.03 By necessity all the information contained in this
document represents the state-of-the-art at the time of its
preparation. In order that the Performance Test Codes

06: 37: 22
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may continue to be dynamic useful documents, any part
of this Code is automatically superseded by any or alf of
the following:
(a) Approval by ASME Council of new or revised
units, values of constants or fluid properties.
(b) inclusion in the Performance Test Code series of
equipment not covered by this Code.
* {c) Approval by the Supervisory Committee of an indi-
vidual test code not conforming to this document.

1.04 The exceptions described in Par. 1.03 will be pub-
lished in Mechanical Engineering as they occur, and this
Code will be amended as soon thereafter as practical.

I nformati on Handl i ng Services,

20(



COPYRI GHT 2000 Armerican Soci ety of Mechanica
August 31, 2000

ASME PTCx2 40 WM 0759L70 0052814 2 M

SECTION 2 — DEFINITIONS

2.01 Atmospheric Pressure, Standard. When pressure is
measured in atmospheres it is measured in terms of units
which approximate the vertical air pressure on a horizontal
unit area at sea level. This unit then becomes the weight of
the superincumbent atmosphere, it being assumed that the
atmosphere is at rest. -

Methods of measurement of atmospheric pressure ire
contained in PTC 19.2 Pressure Measurement. All correc-
tions required by PTC 19.2 in reducing observations to
standard conditions must be followed in all Performance
Test Code calculations. =

The International Standard Atmosphere is 760 mm of
mercury (at 0°C) which is equal to 29.921 in. of mercury
(at 32°F). In English units this is 14.695 95 [bf/in.? at the
standard gravity of 32.174 06 ft/sec?. In the SI (Metric)
system the standard atmosphere is 101 325 N/m? or
101.325 kPa at the standard gravity of 9.806 65 m/s* and
should be used as the reference pressure. '

For other relationships of the International Standard
Atmosphere, PTC 19.2 should be consulted. When the
barometric pressure is not stated, it is understood that a
vacuum below atmosphere or a gage pressure above atmos-
phere is based on the standard atmosphere of 760 mm of
mercury at 0°C,

2.02 Boiler Horsepower. The boiler horsepower no longer
has any real meaning in steam generator performance. As
a matter of historical interest, it was originally standardized
by the ASME in 1889 based on an engine steam rate of
30 Ib of steam per hphr at 70 psig and a feed water tem-
perature of 100°F. This corresponds to 34.5 lbm/hr
evaporated from and at 212°F (33,475 Btu/hr). At the
time boiler horsepower was standardized, boilers could
develop one boiler horsepower with 10 sq ft of heating
surface, and this was used by manufacturers to rate boilers
on heating surface.

2,03 Combustion, Rate of. The rate of combustion is de-
fined as follows:

(a) All fuels: Heat value of fuel as fired per unit of

furhace volume per unit time, Btu/ft3-hr [J/(m?® «s)]

(b) Mass burning of solid fuels: Mass of fuel as fired per

06: 37: 22
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unit area grate surface per unit time, lbm/ft2-hr

[kg/(m?+s)]
(c) Gaseous fuels: Volume of gas fired per unit of fur-
“nace volume per unit time, ft3/ft3-hr [m3/(m3+s)]

2.04 Condensers, Surface. The rate of heat transfer is:
g=wc (hy ~h1) =w, (h3 -hs) Btu/hr (J/s)

where

we = cooling water, lbm/hr (kg/s)

wy, = steam condensed, Ibm/hr (kg/s)

hy = enthalpy of cooling water entering condenser,
Btu/lbm (J/kg)

h, = enthalpy of cooling water leaving condenser,
Btu/Ibm ()/kg)

hs = enthalpy of steam entering condenser, Btu/lbm
(J/ke)

hs = enthalpy of water in hot well, Btu/lbm ()/kg)

The values of all the enthalpies except A3 may be ob-
tained from temperature readings and the ASME Steam
Tables (latest edition). The value of #3 must be determined
indirectly because the quality (dryness) of steam has so far
defied all attempts at measurements. Until the problem of
direct measurement has been solved, the indirect methods
prescribed in PTC 12.2 Steam Condensing Apparatus shall
be used.

2.05 Efficiency, ldeal Cycle. ldeal cycle efficiency is the
ratio of the work of the ideal cycle to the heat supplied.
This efficiency of an ideal cycle is often referred to as the
efficiency of an ideal engine.

2.06 Efficiency, Engine. The engine efficiency is defined
as the ratio of the actual work of a system divided by the
work of a corresponding ideal system. Since indicated,
brake, or combined actual work may be involved, it is pos-
sible to have three engine efficiencies.
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2.07 Efficiency, Thermal. The thermal efficiency of any
engine or turbine is defined as the ratio of the work done
divided by the heat supplied.

Indicated thermal efficiency = A QWI

Brake thermal efficiency =4 wa

Combined thermal efficiency = BTWk
where

A = 254443 Btu/hp-hr [1 J/(kW=s)]

B = 341214 Btu/kW-hr [1 J/(kW<s)]

Q = heat added, Btu/hr (}/s)

W; = indicated net work, hp-hr ())

Wp = brake net work, hp-hr ())

Wr = combined net work, kW-hr (})

The thermal efficiency of a complete plant will be ex-
pressed in the same manner as that for a turbine or engine.
It should be noted that thermal efficiency and cycle as
used in codes may not always be correct in the classical
thermodynamic sense but they are a result of engineering
practice and do conform with what is now called thermo-
dynamics by practicing engineers.

2.08 Efficiency, Volumetric. Volumetric efficiency applies
only to reciprocating machinery. The volumetric efficiency
of centrifugal or other kinetic machinery cannot be ob-
tained as there is no measurable displacement.

For compressors:

_ Volumetric capacity of compressor
Displacement

Ny

For pumps:

_ Actual pump delivery
Displacement

U

2.09 Efficiency, Isentropic Compression. The isentropic
compression efficiency is defined as the ratio of theoretical
isentropic power to the fluid power developed.

2.10 Efficiency, Mechanical. Mechanical efficiency is de-
fined as the ratio of actual work to indicated internal work.

2.11 Efficiency, Overall, Compressor. Overall compres-
sor efficiency is the ratio of isentropic power to the actual
power supplied.

06: 37: 22
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SECTION 2
2.12 Energy of a Substance, Thermal. Internal energy is a
“point’’ function; its change of value from one state to
another isindependent of the “path’ of the process under-
gone to produce the change. Since changes in internal
energy are of importance rather than absolute values, the
internal energy may be set to any convenient arbitrary base.
For steam this base has been set at the Triple Point 273.15K
and 611.2 Pa. The symbol for internal energy is u and its
units are Btu/lbm (J/kg).

2.13 Enthalpy. Enthalpy is defined as:
h=u+pv/f Btu/lom (J/kg)
where

h = enthalpy, Btu/lbm (}J/kg)

u = internal energy, Btu/lbm (J/kg)

p = pressure of fluid, lbf/ft* (Pa)

v = specific volume of fluid, ft3/lbm (m3/kg)

J/ = mechanical equivalent of heat, 778.169 262 ft-
Ibf/Btu (1 }/))

2.14 Evaporators. The rate of heat transfer is:

g =we (hy -hy);0rq=ws (hy, - h) Btu/hr (J/s)
where

we = mass evaporated per unit time, Ibm/hr (kg/s)

ws = mass of steam condensed per unit time, lbm/hr
(kg/s)

hy = enthalpy of entering water, Btu/lbm (J/kg)

h, = enthalpy of leaving steam, Btu/lbm (]/kg)

h, = enthalpy of entering steam, Btu/lbm (}/kg)

hr = enthalpy of condensed water, Btu/lbm (J/kg)

The left-hand equation is to be preferred as the right-
hand will give higher values if heat is lost during the
process.

2.15 Fuel Rate. The fuel rate for solid and liquid fuels is
defined as mass of fuel fired per unit of output. For gaseous
fuels it is defined as cu ft of gas at 59°F and 14.696 psia
per hr (m? at 15°C and 101.325 kPa). Fuel rates should
be qualified by reference to the unit of output.

2.16 Furnace Volume, Total. Under the original scope of
the Performance Test Codes Committee, the use of furnace
volume was limited to steam generators. Since this volume
may be used for other equipment, it shall be as defined by
the individual code.

2.17 Grate Surface. Grate surface is defined as the hori-
zontal fuel or combustible supporting structure within the
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walls of the furnace. This would also include fluidized bed
support surface.

2.18 Gravity, Standard. The International Standard

Gravity has the value:

g = 9.806 65 m/s? = 32,174 06 ft/sec?
which is the actuai value atsealevel and a latitude of 45.deg.
Values for other latitudes at sea level are given in PTC 19.2
Pressure Measurement. PTC 19.2 gives actual values of
gravity for various locations in the United States and these
values shall be used for all Performance Test Code work.

2.19 Heat Absorbed by Water and Steam (Btu/hr)
g =wy (hy - hg) Btu/hr (J/s)

wy = heat exchanger fluid rate, lom/hr (kg/s)
hf = enthalpy of fluid at inlet, Btu/lbm {]/kg)
enthalpy of fluid at outlet, Btu/lbm ()/kg)

>
<
1l

2.20 Heat Absorption, Rate of. Rate of heat absorption
is the energy absorbed per unit time, Btu/hr (}/s).

2.21 Heat Rate. The basic definition for heat rate is:

Heat supplied ~ Heat returned
Output

Heat Rate =

Because of the complexity of modern power cycles,

each code should define heat rate in terms of specific

equipment covered.

2.22 Heat Transfer Coefficient. The heat transfer coeffi-
cient is defined as the energy transmitted per unit area of
heating surface per temperature degree per unit time,
Btu/(ft>-°R-hr) [W/(m?-K)]

2.23 Heat Transfer of Heat Exchangers. The rate of heat
transfer is:

g=wr(hy -hy) Btu/hr (J/s)

where
wr = heat exchanger fluid rate, Ibm/hr (kg/s)
hy = enthalpy of fluid at inlet, Btu/Ibm (}/kg)
h, = enthalpy of fluid at outlet, Btu/lbm (J/kg)

. 2.24 Heat Value. The heating value of fuels shall be deter-
mined in accordance with the procedures set forth in the
PTC 3 series as follows:

ASME PTC*2 80 BN 0759570 005281k b B
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PTC 3.1 Diesel and Burner Fuels
PTC 3.2 Solid Fuels
PTC 3.3 Gaseous Fuels

The determination as to the use of the higher or lower
heating value will be made by each individual code.

2.25 Ice Point and Steam Point

(a) Ice point is defined as the temperature of frozen
pure water when melting under standard atmospheric
pressure, 32°F (273.15 K)

(b) Steam point is defined as the temperature of con-
densing water vapor at standard atmospheric pressure,
212°F (373.15K)

2.26 Internal Combustion Cycles. For internal-combustion
engines, several cycles are in common use, for example, the
Otto cycle and the Diesel cycle. Although it is possible to
compute an engine efficiency based on ideal cycle assump-
tions and also a thermal efficiency of ideal cycles, all cal-
culations for thermal efficiency of internal-combustion
engines for Performance Test Code work shall be made on
a measured work output over a measured heat input basis
and not that of any idealized cycle. Engine efficiency shall
not be calculated as part of any internal-combustion engine
(including gas turbine) code.,

2.27 Mean Effective Pressure. The mean effective pressure
of an engine is the work divided by its displacement. Com-
bined brake, friction or indicated mean effective pressures
may be calculated by using the applicable values for work.

2.28 Mercury, Density of. The density of mercury at 32°F
(0°C) is 13 595.1 kg/m® or 0.491154 Ibm/in®. For other
values and conversions, consult PTC 19.2 Pressure Measure-
ment,

2.29 Noise. Noise is undesired sound. Sound pressure level
is measured in decibels. A decibel (db) is 20 times the
logarithm to the base 10 of the ratio of the sound pressure
to the reference sound pressure. The reference pressure
(RMS) is 20 uPa.

2.30 Output, Net. The net output of an engine or turbine
generator unit is defined by the formula:

Auxiliary
power
supplied (kW)

Auxiliary power supplied is that external power which
is necessary for the unit’s operation and includes, but is

Electrical power
-output of -
generator (kW)

Netoutput (kW) =
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not limited to, excitation power, power for separately
driven lube oil pumps, hydraulic oil pumps, generator cool-
ing water pumps, fans for generator ventilation, seal evacu-
ators, etc.

2.31 Power, Air or Gas. Air or gas power may be defined
as that required for (a) isentropic or (b) isothermal com-
pression for the same quantity through the same pressure
range. Either standard may be used butitmust be specified.

2.32 Power, Drawbar. The drawbar power is:

Pp=FV/B
where
Pp = drawbar power, hp (W)
F = pull at drawbar, 1bf (N)
V = speed, ft/min (m/s)
B = 33,000 ft-Ibf/min/hp (1 W/W)

2.33 Power, Water. Water power is to be computed from
the equation:

Py =pQ (Hy -H,)IA=8BQ (p1-p2)IA

where
P,, = water power, hp (W)
p = density weight of water, lom/ft® (kg/m?)
Q = volumetric flow rate, ft3/sec (m3/s)

H; = higher head, ft-lbf/ibm (}/kg)
H, = lower head, ft-|bf/Ibm ()/kg)
p1 = higher pressure, Ibff/in.? (Pa)
pa2 = lower pressure, 1bf/in.% (Pa)

A = 550 ftlbf/sec/hp (1 W/W)

B = 144 in/fe (1 m¥Ym?)

All heads and pressures shall be measured under or cor-
rected to stagnation conditions.

2.34 Pump, Energy Added by. The energy added by the
pump plus its internal losses is:

Ep =(hy -hy) Btu/lom (}/kg)

where
Ay = measured enthalpy at pump inlet, Btu/lbm
(J/ke)
hy = measured enthalpy at pump discharge, Btu/
tom () /kg)

Numerical values for all water enthalpies shall be taken
from ASME Steam Tables* (latest edition) including the

*For fluids other than water use the appropriate standard reference.
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SECTION 2

work of isentropic compression of water (Ahy).
Ahg = (hsy -h,)  Btu/lbm (}/kg)

in which hg, is taken at the pressure of the pump discharge,
and at the entropy as determined at the pump inlet condi-
tions.

The internal losses and the internal efficiency of a pump
may be deduced from the following:

Internal losses =(h, -h,)-{(hsy -h;) Btu/lbm (J/kg)

Internal efficiency = 100 (hg, - A,)/(h, - h,) percent

It should be noted that any compression, other than
isothermal, including an isentropic will raise the tempera-
ture of water, and that at higher pressure this will be a
sensible amount.

2.35 Standards, Primary. Pursuant to statute authority,
the following exact conversion factors between the inter-
national metric units (S1 units) and the foot-pound units
have been adopted and published by the National Bureau
of Standards:

1ft=0.3048m

T1in. =0.0254 m = 25.4 mm

11b=0.453 59237 kg
1cu ft =0.028 316 85 m?

Standard atmospheric pressure = 101 325 N/m?=14.695 95 Ibf/in.?
Standard gravity = 9.806 65 m/s? = 32.174 06 ft/sec?

Data from NBS Miscellaneous Publication 286, May 1967.

2.36 Steam Cycle, Rankine. The Rankine steam cycle
consists of:
(a) lsentropic expansion of steam from the initial state
to the exhaust pressure.
(b) Condensation at constantpressure and temperature
to saturated liquid.
(c) lIsentropic compression of the liquid to the initial
pressure.
(d) Heating, evaporating, and superheating (if any) at
constant pressure to the original steam conditions.

2.37 Steam Cycle Efficiency, Rankine. This is the ideal
cycle efficiency, defined in Par. 2.05, of the Rankine steam
cycle defined in Par. 2.36.

(h, - hg) - (ideal pump work)
h1 - (A + ideal pump work)

n:

where

hy = initial enthalpy of steam, Btu/lbm (J/kg)
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hs = enthalpy after isentropic expansion, Btu/lbm
(J/ke)

hr = enthalpy of saturated liquid at exhaust pres-
sure, Btu/lbm (J/kg)

For feed pump work refer to Par. 2.34.

2.38 Steam, Quality of. If the steam is superheated, its
state is fully defined by its temperature and pressure. If
the steam is “‘wet”, its state is defined by its temperature
and/or pressure and the amount of steam in the vapor
phase and/or liquid phase. Quality of steam is denoted by
the amount of vapor phase present in the mixture, for ex-
ample, if it is stated that the ‘quality of the steam is 97.5
percent, this means that its “dryness fraction” is 0.975. In
a like manner, the term moisture is often used to denote
the amountin the liquid phase; in this example the percent
moisture is 2.5 percent.

Dry and saturated steam exist when all of the steam is
in the vapor state at saturation pressure and temperature.
Under these conditions, the quality is 100 percent and the
moisture is O percent.

2.39 Steam Rate. The steam rate of an engine, turbine, or
complete plant is expressed as mass of steam per unit time
under actual conditions per unit of output.

2.40 Thermal Unit, British. The current ASME Steam
Tables (1977) define the British Thermal Unit as follows:

1 Btu 2.326 x 0.453 592 37 kJ
1Btu/lbm = 2.326 kJ/kg

From these values the following may be derived:

(2.326 x 107)
(980.665 x 30.48)

i}

= 778.169 262 ft-Ibf

1 Btu =

_ (550 x 3600)

= (778,160 262) = 2544433 58 Bty

1 hp hr
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1 international kWh =
(3600 X 1000)
(2.326 x 453.592 37)

Formerly, the British thermal unit (or “mean Btu”) was
defined as 1/180 of the heat required to raise 1 [bm of
water from the ice point to the steam point under a con-
stant pressure of 1 standard atm,

= 3412.141 63 Btu

2.41 Temperature, Absolute. The absolute temperature is
the approximate value of the thermodynamic temperature
as defined by the International Practical Temperature Scale.
In the U.S. system, the absolute temperature is in degrees
Rankine. In the SI (Metric) system it is called the Kelvin.
For relations between these scales, see Par. 3.01.

2.42 Temperature of Reference. The datum for the steam
tables is the Triple Point of water. The 1968 International
Practical Temperature Scale fixes this at 0.01°C or
32.018°F.

For gases the preferred standard temperature to be used
for Performance Test Code work is 59°F (15°C).

The prior edition of PTC 2-1945 on Definitions and
Values recommended a standard temperature of 68°F
based on projections of the International Committee on
Weights and Measures. Since that time, 59°F (15°C) has
been increasingly used as a standard, and it is recommended
that as each Test Code is revised the base of 59°F (15°C)
be adopted.

2.43 Viscosity. Viscosity is defined as the ratio of shearing
stress to the rate of shearing strain of a fluid. For further
details on viscosity, PTC 19.17 Determination of the Vis-
cosity of Liquids should be consulted.

2.44 Watt, The absolute watt is one newton meter per
second.
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SECTION 3 — COMMON CONVERSION FACTORS

3.01 Conversions to SI (Metric) Units

Quantity Conversion Muitiplication Factor

Acceleration-Linear ft/sec? to m/s? 3.048 * E-01

standard gravity m/s? 9.806 65 * E+00

Area in.2 to m? 6.4516 E-04

ft? tom? 9.290 304* E-02

Coefficient of thermal expansion °R™! to K™! 1.8 % E+00

Density [bm/ft® to kg/m? 1.601 846 E+01

slugs/ft3 to kg/m? 5.153 788 E+02

Energy, work, heat Btu (IT) to ) 1.055 056 E+03

ft-Ibf to ] 1.355 818 E+00

Flow rate, mass Ibm/sec to kg/s 4535924 .- E-01

Ibm/min to kg/s 7.559 873 E-03

Ibm/hr to kg/s 1.259 979 E-04

slugs/sec to kg/s - 1.459 390 E+01

‘ Flow rate, volume f/min to m3/s 47 9_4]4 . E-04
ft3/sec tom3/s 2.831 685 E-02 cvr e .

gallons (US liquid)/min to m3/s 6.309020 ° "E-05

Force Ibf (avoirdupois) toN 4.448 222 E+00

Frequency sec™? to Hz 1% . E+00

Gas constant Btu/lbm-°R to )/(kg * K) 4.186 8* E+03

ft-Ibf/lbm-°R to J/(kg * K) 5.380 320 E+00

Heat transfer coefficient Btu/hr-ft2-°R to W/(m? « K) 5.678 263 E+00

Length in. tom 2.54 * E-02

ft tom 3.048 * E-01

mile (U.S.) tom 1.609 344 *  E+03

Mass fbm (avoirdupois) to kg 4.535924 E-01

slug to kg 1.459 390 E+01

Plane angle degrees to rad 1.745 329 E-02

Power Btu (IT)/hr toW 2.930 711 E-01

ft-1bf/sec toW 1.355 818 E+00

hp (550 ft-Ibf/sec) to W 7.456 999 E+02

Pressure standard atmosphere  to Pa 1.013 25 * E+05

bar to Pa 1* E+05

Ibf/ft? to Pa 4.788 026 E+01

Ibf/in.? to Pa 6.894 757 E+03

Rotational frequency min~! tos™? 1.666 667 E-02

Specific enthalpy Btu/lbm to )/kg 2.326 E+03

Specific entropy Btu/lbm-°R to J/(kg * K) 4.186 8* E+03

Specific heat Btu/lbm-°"R to J/(kg * K) 4.186 8% E+03

Btu/lbm to J/kg 2.326 E+03

‘ Specific internal energy

COPYRI GHT 2000 Armerican Soci ety of Mechanica

August 31, 2000 06: 37: 22

Engi neers

I nformati on Handl i ng Services,

20(



ASNE PTCx2 60 WM 0759kL70 0052620 &4 W 7:

SECTION 3 ANSI/ASME PTC 2 ~ 1980
Quantity Conversion Multiplication Factor .
Specific volume ft3/1bm to m3/kg 6.242 797 E-02
Specific weight (force) Ibf/ft® to N/m® 1.570 875 E+02
Surface tension Ibf/ft to N/m 1.459 390 E+01
Temperature interval °F to °C 5.555 556 E-01
Temperature, measured °F to °C tc= (tp -32)/1.8
Temperature, thermodynamic °C to K Tk =tc +273.15
°F to K Tk =(tp +459.67)/1.8
°R to K Tk =Tgr/1.8
Thermal conductivity Btu-ft/hr-ft?-°R to W/(m « K) 1.730 735 E-+00
Time hr tos 3.6 % E+03
min tos ’ 6 * E+01
Torque Ibf-in. ' toN+*m 1.129 848 E-01
|bf-ft toN-m 1.355 818 E+00
Velocity ft/hr to m/s 8,466 667 E-05
ft/min to m/s 5.08 * E-03
ft/sec tom/s 3,048 * E-01
knot (international)  to m/s 5.144 444 E-01
mile (U.S.)/hr to m/s 4,470 4 * E-01
Viscosity, dynamic centipoise toPa-s 1* E-03
poise toPa-s 1* E-01
lbm/ft-sec toPa-s 1.488 164 E+00
Ibf-sec/ft2 toPa+s 4,788 026 E+01
slug/ft-sec toPa-s 4.788.026 E+01
Viscosity, kinematic centistoke to m?/s 1 * E-06
stoke to m?/s 1* E-04
ft?/sec to m?/s 9.290 304 * E-02
Volume gallon (U.S. liquid) tom? 3.785412 E-03
i3 tom? 2.831 685 E-02
in.3 to m3 1.638 706 E-05
liter tom?3 1* E-03

The factors are written as a number greater than one and less than ten with six decimal places. The number is followed by the letter E
(for exponent), a plus or minus symbol, and two digits which indicate the power of 10 by which the number must be multiplied to ob-
tain the correct value.

For example:
3.785 412 E-03 is 3.785 412 X 107® or 0.003 785 412

*Exact relationship in terms of the base units.
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SECTION 3
3.08 Conversion Factors for Kinematic Viscosity (Area/Time)
To obtain _| ft? ft? cm? cm? m?
Multiply, by sec hr sec hr s
[ (stoke) (S1 Units)
A
e N 3 600 (30.48) (30.48)X 3 600 (0.304 8)?
sec .'='929.030 4 =3 344 509.440 000 = 0,092 903 04
Tt 1.0 (30.48)? 3048 (0.304 8)*
hr 3600 1 3600 (30.48) 3 600
=2,777 777 78X10™* ) = 0.258 064 =929,0304 =2.580 64X10"%
cm? 1.0 3600 1.0
seC (30.48)? (30.48)? 1 3600 (100)?
=0.001 076 391 04 =3.875007 75 = 0.0001
cm? 1.0 1.0 1.0 i 1.0
hr (30.48)X3 600 30.48)° 3600 (100)2X 3 600
=2,989 975 12X 1077 = 0.001 076 391 04 = 0.000277 777 778 . =2.777 778X10~8
m? 1.0 360 2 | 2
< (0.304 8)? (0.3048)? (100) (100)?x3 600 1
(SI Units) =10.763 910 4 =38 749.69 =10000" =36 000 000

Example: 1 ft?/sec = 3600 ft?/hr.
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All values given in the rational fractions are exact and are taken from Appendix 4 of the 1967 ASME Steam Tables.
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SECTION 4 — MEASUREMENT OF PERFORMANCE

4.01 Introduction. Performance of equipment is deter-
mined in part by measurements of physical quantities. A
measurement consists of sensing a physical variable and
translating this result into data that is either indicated or
recorded. Analog data are indicated by the position of a
pointer on a dial or by a point or line on a chart. Digital
data are indicated by a visual display of numbers or by a
numerical printout. Devices used to make measurements
are called instruments but many devices called instruments
must be used with additional components to measure cer-
tain physical variables. A millivoltmeter, for example, can
measure voltage but a thermocouple must be used in con-
junction with the voltmeter to obtain a temperature meas-
urement.

4.02 Measurement System. In order to make a measure-
ment of a physical variable it must first be sensed, the
energy change due to sensing must be transmitted to a
component that communicates the data. The requirements
for measurement are met by the system shown below:

The primary element is that part of the measurement
system that first senses the variable to be measured. The
energy change produced by the sensing must be transmitted
to a communicating unit where it may be used directly or
changed (transduced) to some other form to indicate or
record data. The measurement system may be very simple
or very complex but the above three functions must be
performed in order to measure a physical variable. The
measurement system may be a single component such as
a liquid-in-glass thermometer where the sensing is done by
the bulb, the transmitting by the liquid column, and the
data display by the scale. On the other hand, the measure-

15

ment system may be multi-component such as flow
measurement with orifices where the primary element (the
orifice) causes fluid acceleration to produce a pressure
differential which is transmitted via tubing to a manometer
where the data are displayed on the scale.

4.03 Accuracy of Measuring Systems. Measurement of a
physical quantity never gives a result which is correct in an
absolute sense. The numerical value determined always
differs by some amount from the real value being measured,
and the extent of the deviation depends upon the type of
measurement system used. This fact imposes upon code
writers and test engineers the duty of studying measure-
ment systems to such an extent that they can show in a
given case that the system used will provide results which
are within the confidence interval necessary to accomplish
the purposes of the test.

The accuracy obtainable for a given measurement is
dependent upon three things:

(a) The measurement system used.

(b) The characteristics of the variable being measured.

SENSING | TRANSMITTING | COMMUNICATING (c) The accuracy of observation. _
y The first of these (a) breaks down into two radically
Senses and . Applies or different considerations, both of which are of equal im-
obtains Transmits changes energy .
energy change energy into useable portance:
from form for (a) The intrinsic accuracy of the measurement system,
+ + (b) The accuracy resulting from conditions of use.
Measured Display of The former is generally well treated by most engineers
Variable Data and data concerning measurement system components is

given in the Instruments and Apparatus Supplements. The
latter is the least understood and most neglected, and may
be responsible for gross errors of measurements. The
primary reason for the neglect of use-accuracy is that an
individual analysis is necessary for each application and
installation.

4.04 Intrinsic Accuracy. The intrinsic or inherentaccuracy
of a measurement system depends upon the following
factors:

(a) Materials.

(b) Construction.

(c) Physical condition at time of use.
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While the inherent accuracy of the first two items can
be estimated from published data concerning an individual
measuring system component, the actual accuracy at the
time of use must be determined by calibration. For this
reason, all measuring system components must be cali-
brated before and after Performance Test Code tests to
establish the effect of physical condition on their inherent
accuracy.

4.05 Use Accuracy. The accuracy of a measurement sys-
tem as used depends upon its ability to:

(a) Sense the variable to be measured.

(b) Transmit energy change.

(c) Apply or transduce energy.

(d) Display data.

The last two items are essentially independent of use
unless environmental conditions such as vibration, temper-
ature, humidity, etc., are of such magnitude to prevent
their normal operation. If care is taken to ensure proper
environmental conditions then the communication func-
tion accuracy reduces to the intrinsic accuracy of the

components used.

4,06 Observation Accuracy. Accuracy of observation de-
pends primarily upon two factors as follows:

(a) Accidental mistakes—due to misreading of scales,
incorrect log entries, failure to perform some manipulation
required, etc.

(b) Personal characteristics—ability to interpolate be-
tween graduations, bias in observation (tendency to read
high or low), speed of observation.

These types of error may be minimized but never com-
pletely eliminated by careful choice of and training of test
personnel and by selection of scales with easily read gradu-
ations and other human engineering considerations. Modern
technology permits the design of instrument systems that
will give digital printout and the use of these should be
encouraged to eliminate observation error when their in-
herent and use accuracy permits.

4,07 Sensing Accuracy. The accuracy of sensing depends
upon the following factors:
(a) Installation of the primary element

(1) Effect of the Primary Element on the Measured
Variable

For example, consider a pitot tube installed
in a flow stream to sense a local velocity. Care must be

06: 37: 22
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taken in the design of the pitot tube that its presence does
not change the original velocity profile.

(2) Mutual Effects of Primary Element and the
Measured Variable

For example, when the temperature of a
fluid flowing in a pipe under pressure is to be measured, it
is usually necessary to encase the primary element in a
protection tube or wall. The following temperatures must
then be considered:

(i) The fluid temperature.

(i) Well outer wall temperature,
(iii) Well inner wall temperature.
(iv) Primary element temperature,

‘Only the last temperature is sensed; in other words,
the system is capable of measuring only the temperature
of its primary element. A heat-transfer study is necessary
to estimate the fluid temperature. The factors involved in
such a study are: ‘

(i} The physical properties of the fluid and
materials used in the construction of the well and primary
element.

(ii) The net heat-transfer by radiation, conduc-
tion, and convection from the well to the fluid, and to the
pipe wall, and to the primary element.

(i) Fluid Velocity—For compressible fluids the
difference between static and stagnation temperatures may
be appreciable above 300 ft/sec (90 m/s).

Most of the above factors may be rendered negli-
gible by proper design of the system, but unless they are
all accounted for, serious errors may result.

(3) Improper Installation

For example, consider a pitot tube designed
and constructed in such amanner as not to cause minimum
disturbance of the velocity profile but installed at an angle
to the velocity. Such a tube senses only a part of the
velocity.

(4) Location of Primary Element

Care must be taken not to locate primary
elements too close to flow disturbing fittings such as bends,
elbows, valves, etc. For example, the velocity profiles of
fluids downstream of such fittings are distorted and the
coefficients of orifices, nozzles and Venturis will be sig-
nificantly different from those preceded by long lengths
of straight pipe, thus giving rise to serious flow measure-
ment errors.
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(b) Sampling. In many cases of composition analysis,
either physical such as the moisture content of steam, or
chemical such as the carbon dioxide content of boiler flue
gas, the variable to be measured is not evenly distributed in
the mixture. In such cases, itisimportant that a representa-
tive sample be taken. The distribution must be investigated
and properly designed probes installed in sufficient num-
bers and at representative locations to minimize errors
from this source.

(c) Effect of other variables. In many cases where in-
direct methods of measurement are used, for example, the

06: 37: 22
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determination of the chemical composition of a gas by
measuring its conductivity, the system is designed to
measure by inference. The accuracy of this type of meas-
urement depends upon the presence or absence from the
mixture of predetermined amounts of certain gases. If any
gas is present that should not be, or in greater or lesser
amounts than that for which the system was calibrated,
then error will result.

The above examples and discussion are far from all-
inclusive, but give some insight into the problems faced by
the Performance Test Code writer and the test engineer in
the measurement of physical quantities.
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SECTION 5 — LETTER SYMBOLS

5.01 Introduction. In order to render the terminology of
the ASME Performance Test Code consistent, certain letter
symbols in general use have been adopted. These letter
symbols, from the American National Standards Institute,
are published by the ASME who is the sponsor of this
work. ANS! originally was called American Standards
Association (ASA) and many of the symbols have the
ASA designation. On August 24, 1966, the American
Standards Association was reconstituted as the United
States of AmericaStandards Institute (USASI). in October
of 1969, the name was again changed to the current
American National Standards Institute. The various name
changes did not involve any numerical standard desigha-
tion, simply the “overstamping” of ASA to USAS] to
ANSI,

5.02 Preferred Letier Symbols. The preferred letter
symbols for Performance Test Code work are those for
heat and thermodynamics Y10.4 (see Par. 5.03). However,
when additional letter symbols are needed, the use of the
following ANSI Standards is approved:

Hydraulics Y10.2
Rocket Propulsion Y10.14
Mechanics of Solids Y10.3
Structural Analysis Y10.8
Aeronautical Sciences Y10.7
Meteorology Y10.10
Acoustics Y10.11
Chemical Engineering Y10.12
Petroleum Reservoir Engineering and

Electric Logging Y10.15
Shell Theory Y10.16
Guide for Selecting Greek Letters

Used as Letter Symbols for

Engineering Mathematics Y10.17
l{luminating Engineering Y10.18
Letter Symbols for Units Used in

Science and Technology Y10.19
Glossary of Terms Concerning Letter Symbols  Y10.1

06: 37: 22
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5.03 Letter Symbols for Heat and Thermodynamics*
(a) General principles of letter symbol standardization

(1) Letter Symbols. A letter symbol for a physical
quantity is a single letter, specified as to general form of
type. It is available for use within a mathematical expres-
sion. This primary symbol may be modified by subscript
or superscript. Inapublished work, the same primary letter
symbol should appear throughout for the same generic
physical quantity, regardless of the units employed and of
special values assigned.

Usually, one may readily distinguish between letter
symbols for physical quantities and other published sym-
bols and signs. The latter, while more or less analogous,
belong largely to topics not treated here, such as:

Mathematical signs

Chemical symbols

Punctuation

Proofreading signs

Abbreviations (widely used in tabulations)

(2) Four General Requirements for Published Sym-
bols and Signs. As is generally recognized, each published
symbol or sign, of whatever kind, should be at least

(i) Standard, where possible. In the use of pub-
lished symbols, authors of technical works (including text-
books) are urged to adopt the symbols in this and other
current standard lists, and to conform to the principles
stated here. An author should give a table of the symbols
he uses and their respective interpretations, or else refer to a
standard list as source for symbols which he is using but
does not explain. For work in a specialized or developing
field, the author may need symbols in addition to those
already contained in standard lists. In such a case, he
should be careful to select simple suggestive symbols which
yet avoid conflict in the given field and in other closely
related special fields. Except in this situation, he should
not introduce new symbols or depart from currently
accepted notation.

*From ANSI Standard Y10.4, 1957.
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(ii) Clear in reference. One should not assign to
a given symbol different meanings in such a manner as to
make its interpretation in a given context ambiguous. Con-
flicts must be avoided. Often a listed alternative symbol or
a modifying subscript is available and should be adopted.
Except in brief reports, any symbol not familiar to the
reading public should have its meaning defined in the text.
The units should be indicated whenever necessary.

(i) Easily identified. Because of the many
numerals, letters, and signs which are similar in appearance,
a writer should be careful in calling for separate symbols
which, in published form, might be confused by the reader.
For example, many letters in the Greek alphabet (lower
case and capital) are practically indistinguishable from
English letters; the zero is easily mistaken for a capital O.

(iv) Economical in publication. One should try
to keep at a minimum the cost of publishing symbols. In
particular:

® Notations which call for handsetting of
movable type should be rejected in favor of forms adapted
to modern mechanical methods of composition.

® No one work should use a great variety of
types and special characters.

¢ Handwriting of inserted symbols, in copy
largely typewritten and to be reproduced in facsimile,
should not be excessive.

® Often a complicated expression appears as
component part of a complex mathematical formula, for
example, as an exponent of a given base. Instead, one may
introduce, locally, a single letter to stand for such a com-
plicated component. An explanatory definition should then
appear in the immediate context.

(3) Secondary Symbols. Subscripts and super-
scripts are widely used and for a variety of conventional
purposes. For example, a subscript may indicate:

(i) The place of a term in a sequence or matrix.

(i) A designated state, point, part, or time, or
system of units.

(iii) The constancy of one independent physical
quantity, among others, on which a given quantity depends
for its value.

(iv) A variable with respect to which the given
quantity is a derivative.

Likewise, for example, a superscript may indicate:
(i) The exponent for a power.
(ii) A distinguishing label.
(iii) A unit.
(iv) A tensor index.

The intended sense must be clear in each case.
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Several subscripts or superscripts, sometimes separated
by commas, may be attached to a single letter. A symbol
with a superscript, such as a prime (') or second ("), or a
tensor index should be enclosed in parentheses, braces, or
brackets before an exponent is attached. So far as logical
clarity permits, one should avoid attaching subscripts and
superscripts to subscripts and superscripts. Abbreviations,
themselves standardized, may appear among subscripts. A
conventional sign, or abbreviation, indicating the adopted
unit may be attached to a letter symbol or corresponding
numeral. Reference marks, such as numbers in distinctive
type, may be attached to words and abbreviations but not
to letter symbols.

(4) Typography. Letter symbols for physical
quantities, and their subscripts and superscripts (whether
upper case, lower case, or small capitals), when appearing
as lightface letters of the English alphabet, are printed in
italic (sloping) type. Arabic numerals, and letters of other
alphabets, used in mathematical expressions are normally
printed in vertical type. When a special alphabetis required,
boldface type is to be preferred to German, Gothic, or
script type. In material to be reproduced in facsimile from
copy largely typewritten, letters which would be boldface
in print may be indicated to be such by special underscor-
ing, while the few distinctletters used from other alphabets,
if carefully made, should be self-explanatory. [t is important
to select a type face which has italic forms and clearly
distinguished upper case, lower case, and small capitals.
Only type faces with serifs are recommended.

(b) Special principles of letter symbol standardization

(1) The time rate of change of any quantity may
be designated by a dot over the symbol.

(2) Quantities suitable for designation as vectors
may be so indicated in print by making the symbol bold-
face. In manuscript or typescript, this may be indicated
by underscoring with a single wavy line.

(3) Components of vector and tensor quantities
are to be indicated by suitable subscripts or superscripts.

(4) Subscripts and superscripts as independent
symbols are notlisted as part of this Standard since practice
in various applications is so diverse. In general, subscripts
should be in the nature of abbreviations, such as critical
temperature, 7, or reduced pressure, p,.

(5) Components as occurring in mixtures of
chemical reactions may be designated by adding suitable
subscripts or parenthetical identification. The latter is
preferred if the identification is by chemical species. For
example, the chemical potential of an i'th component
would be u;, or the enthalpy of carbon dioxide, H(CO,).
Thermodynamic properties so designated are to be under-
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stood, in relation to mixtures, as either partial molar or
partial specific quantities.

(6) Extensive thermodynamic properties are
designated by italic capitals. Specific properties (per unit
mass) are designated by the corresponding lower-case italics.
Partial molar properties (per mole) are designated by barred
capitals, or by plain capitals, if no ambiguity exists with
respect to extensive properties. Components may be
designated in addition, according to Principle (5).

(7) Differences in values of thermodynamic quan-
tities as occurring in chemical reactions or phase changes
are normally indicated by prefixing the symbol, A, to the
symbol for particular quantity and identifying the change
by suitable subscripts. If a particular difference occurs
repeatedly and if no ambiguity will result, the prefix may
be omitted.

(8) Dimensionless groups are designated by a single
letter symbol or by the symbol, N, with suitable subscripts.
The use of two-letter symbols, while indicated as accepted
usage in certain well-established cases, is to be discouraged.
See General Principle (1).

(9) Subscripts and superscripts other than those
specified in the preceding principles or those occurring as
part of listed symbols are not part of the Standard. How-
ever, in general, subscripts should either be selected from
the standard symbols or be essentially an abbreviation.

(10) Certain symbols, enclosed by parentheses, have
been included in the list for information. These are nota
part of the Standard but do represent generally accepted
usage. In each case, an alternate standard is indicated.

(c) Alphabetical listing by concepts

Concept Symbols

Absolute temperature T
Absolute viscosity n, M
Absorptance o
Absorptivity o
Acceleration a
Acoustic velocity a
Activity a
Activity coefficient, stoichiometric 0%
Affinity A
Angular velocity, radians per unit time w
Angular velocity, revolutions per unit time n
Arc length s
Area AS
Avogadro’s number No
Boltzmann’s constant k
Chemical equilibrium constant K
Chemical potential u
Compressibility coefficient (R), &
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Concept

Compressibility factor
Concentration, mass
Concentration, mole

Degree of reaction

Density

Diameter

Diffusivity, mass

Diffusivity, thermal
Dimensionless number
Dynamic viscosity

Efficiency

Emissivity

Emittance

Energy

Enthalpy

Enthalpy, specific

Entropy

Entropy, specific

Entropy production rate
Equilibrium constant, chemical
Extent of chemical reaction
Force

Free energy, Gibbs function
Free energy, Helmholtz function
Friction factor

Fugacity

Gas constant

Gibbs function

Gibbs function, molar

Gibbs function, specific
Gravitational acceleration

Heat

Heat capacity, constant pressure
Heat capacity, constant volume
Heat capacity, general

Heat capacity ratio

Heat rate

Heat transfer coefficient, overall
Heat transfer coefficient, surface
Heat transfer factor

Helmholtz function

Helmholtz function, specific
Inertia proportionality factor
Internal energy

Internal energy, specific
Irradiance

Joule-Thomson coefficient
Kinematic viscosity

Latent heat

Latent heat, specific

Symbols l
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Concept Symbols Concept Symbols
Length /, L Solid angle w,
Light, velocity c Sound velocity a
Linear thermal expansion coefficient « Specific enthalpy h
Mach number M Specific entropy o
Mass m Specific Gibbs function g
Mass concentration [ Specific heat capacity, constant pressure Cp
Mass current density G Specific heat capacity, constant volume cy
Mass diffusion coefficient D Specific heat capacity, general c
Mass diffusivity D Specific Helmholtz function a
Mass flow rate w, m Specific internal energy u
Mass fraction w Specific latent heat Ah
Mass velocity G Specific volume v
Mechanical equivalent of heat / Stefan-Boltzmann constant o
Molality m Stoichiometric number of molecules
Molar mass M in a chemical reaction 17
Mole concentration C Surface heat transfer coefficient h
Mole fraction X Surface tension Y, 0
Mole fraction, gas phase y Temperature t0
Mole quantity n Temperature, absolute or thermodynamic T
Molecular weight m Thermal conductivity kR, A
Normal angle 0 Thermal diffusion coefficient D
Number of molecules N Thermal diffusion ratio kT
Number of moles n Thermal diffusivity «
Nusselt number (Nu) Thermal expansion coefficient, linear o
Overall heat transfer coefficient U Thermal expansion coefficient, volumetric B
Path length s Thermal resistance R
Planck constant h Thermodynamic temperature T
Polytropic exponent n Time t,r
Power PW Transmissivity r
Prandtl number (Pr), o Transmittance r
Pressure p Turbulence exchange coefficient €
Quality X Velocity v, V
Radiance N Velocity of light c
Radiant energy U Velocity of sound a
Radiant flux P Virial coefficient, second B
Radiant flux density w Viscosity, dynamic (absolute) n, M
Radiant intensity / Viscosity, kinematic v
Radiation frequency v Viscosity, volume K
Radiation wavelength A Volume 4
Radius r Volume flow rate QV
Reflectance p Volumetric thermal expansion coefficient B
Reflectivity P Weight w
Reynolds number R, (Re) Work w
Second virial coefficient B
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PERFORMANCE TEST CODES NOW AVAILABLE

PTCA41 —AirHeaters . . .. ... v vt ittt ettt it e e e e i
PTC 23 — Atmospheric Water Cooling Equipment . . . .. . ... ........
PTC 8.2 —Centrifugal Pumps . . . . . . . . v i v i it i it e e e n .
PTC 121 — Closed Feedwater Heaters. . . . . . . . . .. . v v v v s v v n e
PTC 4.2 —Coal Pulverizers. . . . . . v v v v vt i ittt et et et et e e s
PTC10 — Compressorand Exhausters. . . . . . v v v v v v v v v e e e e e n .
PTC 39.1 — Condensate Removal Devices for Steam Systems. . . . . .. ... .
PTC 2 — Definitionsand Values. . . .. . . . . .. v it v v vt vt e ee e
PTC 9 — Displacement Compressors, Vacuum Pumps and Blowers . . . . .. .
PTC 7.1 —DisplacementPumps. . . . . . . o oo v v it ottt e e it e e
PTC 123 — DEaBrators. « v v 4 v v o v v v e et et o st ot e e e s e e
PTC 27 — Determining Dust Concentration in a Gas Stream . . .. .......
PTC 28 - Determining the Properties of Fine Particulate Matter. . . . . PR
PTC 3.1 — Diesel and Burner Fuels . . . .. .. N
PTC 21 — Dust Separating Apparatus . . . « . v v v v v v v v v vt o n e e nn s
PTC24 —Ejectors . .. ...... Ak h o a et i E o ra o ae s aeneass
PTC 14 — Evaporating AppRaratus. « . . . v v v v v v v v v v e et e e e e e o
PTC 16 — Gas Producers and Continuous Gas Generators. . . . . . . ... ...
PTC22 —GasTurbinePowerPlants. . . ... ... .. .. un..
PTC 3.3 —Gaseous Fuels. . . . .. .. .. . i i ittt i
PTC 1 —GeneralInstructions . . . . . . . . .. . . i v v i v i, .
PTC18 ~—HydraulicPrimeMovers. . .. .. .. ... ..., e
PTC31 —lon Exchange Equipment . . . .. .. ... ... ... ...,
PTC33 —Largelincinerators . .. ... ... .. v it it ininnnon,

PTC 32.1 — Nuclear Steam Supply Systems

PTC 20.2 — Overspeed Trip Systems for Steam Turbine-Generator Units . . . .
PTC 20.3 — Pressure Control Systems Used on Steam Turbine-Generator
Units . . . . o o oot i e e e e e e e e e

PTC 18.1 — Pumping Mode of Pump/Turbines

PTC 17 — Reciprocating Internal-Combustion Engines . . .. .. ........
PTC 7 - Reciprocating Steam-Driven DisplacementPumps . . . .. .. ... .
PTC 5 — ReciprocatingSteamEngines. . . .. .. .. .. ...
PTC 26.3 — Safety and Relief Valves. . . . . . . . . ..o v i i i v i v e
PTC 3.2—SolidFuels . . ... ... it it e e it .
PTC 20.1 — Speed and Load Governing Systems for Steam Turbme-

Generator Units. . . v . v v o i ot i e e e e .
PTC 29 — Speed-Governing Systems for Hydraulic Turbine-Generator

L
PTC 26 - Speed-Governing Systems for Internal Combustion Engine-

Generator Units. . . . . . o v i v vt e i et et it e e e .
PTC 12.2 — Steam Condensing Apparatus . . « « « « v v o v v v v v v v v v s .
PTC 4.1 —Steam-GeneratingUnits . . . . . . . . . 0 v v vt it v i i e e e
PTC 6 - Steam Turblnes ........................ -

PTC 6 Report — Guidance for Evaluation of Measurement

Uncertainty in Performance Tests of Steam Turbines . .

PTC 6S Report — Simplified Procedures for Routine Performance Tests
of Steam Turbines . . . . . . . v v v it it i e
PTC 32.2 Report — Methods of Measuring the Performance of Nuclear

Reactor Fuel in Light Water Reactors
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