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FOREWORD

Performance Test Code Committee No. 4 on Stationary Steam-Generating Units was reorganized in May,
1958 1o rewrite and bring up to date the 1946 edition of the Test Code for Stationary Steam-Generating
Units.

Dﬂ,riu.‘ the formulation of the new Test Code, PTC 4.1-1964, the technical committee lrrqughl to the
attention of the Performance Test Codes Committee that for the Air Heater, an auxiliary heat absorption
equipment common to all large steam generating units, there existed no power test code, PTC Com-
mittee No. 4 recommended the development of such a Test Code as part of its assignment.

The Performance Test Codes Committee instructed PTC Committee No. 4 to prepare such a Tast Code ns
a Supplement to be known as PTC 4.3 on Air Heaters. This Test Code was developed and its formal
follows closely that of PTC 4.1, the Test Code for Steam Generating Units.

This Test Code was approved by the Pedormance Test Codes Committee on June 9, 1966, Final publica-
tion wan delayed, however, until a number of suggestions made by the standing Committee were con-
sidered and satisfactorily resolved. It was approved and adopted by the Council as a standard practice
of the Seclety by action of the Policy Board, Codes and Standards on November 8, 1967,

January, 1968
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AR HEATERS

SECTION 0, INTRODUCTION

0.1 This Code for air heater testing shall 0.3 General instructions for the conduct of
govern the preparation for tests, the Hkitﬁ of tests are given in the Code on General Instrue-
data, and the calculation of test resalts. tions (PTC 1) which should be studied carefully.

The Code on Definitions and Yalues (PTC 2) and
the Test Code for Steam Generating Units (PTC

0.2 The air heater is defined as a heat ex- 4.1) should be followed where applicable. The
:l'“_l'“ used to transfer ‘;'em‘ d'“"fllf from com- supplerl-cnla on Instruments and Apparatus (PTC
bustion gases to combustion air without the use 19) shall be used as a guide to the selection and
of an intermediate heat transfer fluid. use of test equipment not specified in this Code.
-
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ASME PERFORMANCE TEST CODES

SECTION 1, OBJECT AND SCOPE

1.1 Object. The purpose of this Code is to
establish procedures for conducting performance
tests to determine:

1.1.1 Gas side elficiency

1.1.2 Air leakage

1.3 Other related operating characteristics

uch as:

J.0 X-Ratio

3.2 Gas and air pressure loss

1.1.3.3 Gas and air temperature

1.1.4 A determination of any or all of the perform-
ance items specilied above may be necessary for:
1.1.4.1 Checking the actual performance against
the manufacturer's guarantee

1.1.4.2 Comparing these items with a standard of
operation

1.1.4.3 Comparing performance when firing dif-
ferent fuels

1.1.4.4 Determining the effect of changes to
squipment

1.1.4.5 Determining corrections to air heater exit
gas temporature caused by variations in inlet air
temporatura in an c”iuiem‘.}f test of a steam gen-
arator,

|
&
1.1
1.1
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1.1.4.6 Obtaining any other pertinent information
required.

1.2 Scope. This Code applies specifically to
the regenerative and tubular type air heaters. It
also applies to any combustion gas-to-air heat ex-
changers used in conjunction with a steam gen-
eralor.

1.3 For the purpose of this Cade, the air
heater is defined as a heat exchanger used to
transfer heat from gases of combustion to combus-
tion air without the use of an intermediate heat
transfer fluid. Specifically excluded are the sup-
plementary steam coil air beater, direct-fired air
heater and low temperature economizer. How-
ever, o Separale low temperature air heater would
be considered part of the air heater installation.

1.4 1f the installation consists of more than
ane air heater in parallel, all air heaters are in-
cluded as a unit. However, if tho air heaters are
in series and have other apparatus in between,
then each air heator, or each group of parallel air
heaters, shall be tested individually.

- —
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AIR HEATERS

SECTION 2, DEFINITION OF TERMS, SYMBOLS AND THEIR DESCRIPTIONS

2.1 The Code on Definitions and Values
(PTC 2) defines the meaning and values of basic
technical terms and numerical constants, which
are used throughout this Code. Definitions of
terms specific to this Code are as follows:

2.1.1 Alr Leakage. Weight of air passing from
the air side to the gas side. It is assumed in
caleulations to leak directly [rom the air inlet to
the gas outlet.

2.1.2 Exit Gas Temperature = With Leakage, The
measured exil gas temperature.

2.1.3 Exit Gas Temperature = No Leckoge. The
temperature at which the gas would have left the

air heater if there were no leakage. This temper-
ature must be calculated by heat balance, if leak-
age is present. See Computations, Section 7.

2.1.4 Air Temperoture Rise. Increase in the
temperature of the air in pasaing through the air

2.1.5 Gos Temperoture Drop. Decrease in the
temperature of the gas in passing through the air
heater, based on exit gas Lemperature — no
leakage.

2.1.6 Temperoture Head. Temperature of gas
entering air heater minus temperature of air enter-
ing air henter,

2,1.7 Gos Side Efficiency. Ratio of gas tem-
perature deop, eorrected for no air leakage, to
temperature hoad.

2.1.8 X-Ratio. This is the ratio of the heat
capacity of the air passing through the air heater
to the heat capacity of the gas passing through
the air heater. See Pars. 6.3 and 7.07.

2.2 Symbels. A list of symbols used through-
out this Code follows. With numerous quantities
and points of reference; it has been found im-
practical Lo restrict the Code to the use of single
subscripts. Where both letter and numerical sub-
scripts are used, a numerical one is given second
for example Wg. . This signilies the pounds of
gas per pound of “as fired” [uel at location 14,

heater. Fig. 1.
Symbels and their Descriptions
Symboel Description Unit
A Air
A Dr}r 11 .
AF. Aefleed 7l sssss s e
A@ Air leakage per cent
Bypaes i
C Pounds of carbon per pound of "“as fired” fuel — (laboratory Ib per Ib of A.F,
analysis) fuel
. Cy Pounds of carbon burned per pound of *‘as fired™ fuel Ib per Ib of A.F.
fucl
. co Per cent carbon monoxide per volame of dry flue gas. Determined per cenl
by flue gas analysis
Co, Per cent carbon dioxide per volume of dry flue gas. Determined by per cent
I flue gas analysis
LIy Mean specific beat of air ot constant pressure Bru per 1b

e =,
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ASME PERFORMANCE TEST CODES

Symbels and their Descriptions (Cont"d)

DJ.'}" " ue gas

Symbel Description Unit

06 Mean specific heat of the [lue gas at constant pressure Btu per |b F

D Standard or guarantee | e
e Elapsed time hr

f Peel . | aiiiaaaaas '
G Flue gas

@ Flue gas flow Ib per hr

o

H

Pounds of hydrogen exclusive of that in moisture per pound of
“as fired" fuel — (laboratory analysis)

Hydrogen content of the dry flue gas — (laboratory analysis)
High-heat value of the dry refuse (laboratory analysis)
Constant

Leakage

Moisture content

Moisture in fuel

Pounds of nitrogen per pound of *‘as fired” fucl — (laboratory
analysis)

Per cent nitrogen per volume of dry flue gas, Determined by sub-
tracking the sum of the measured quantities C0y, O and CO
from 100

Mo leakage

Pounds of oxygen per pound “‘as fired™ fuel — (laboratary
analysis)

Per cent oxygen per volume of dey flue gas, Determined by flue
gas analysis

Pressure
Ashpit

Dry pit refuse
Recirculation

Pounds of sulfur per pound of *‘as fired"" fuel — (laboratory
analysis)

Temperature Rankine

Te mperaturs Fahrenheit

Ib per Ib of AF,
fuel

cu ft per cu ft dry gas
Btu per b of rofuse

por cent b}r weig]'l.t

1b of water per lb
of A.F. fucl

Ib par Ib of AF,
fuel

per cent

1b per 1b of ALF.
fuel

per ¢ ont

in. of water (gage)

Ib per Ib of ALK,
fuel

R
F

it
—— R . i \
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AIR HEATERS

Symbols and their Descriptions (Cont' d)

Symbeol Description Unit

ta Temperature of air F

g Temperature of the flue gas F

v Welght Ib

Wa Pounds of air supplied per pound of “‘as fired" fuel lb per 1b of AF,
fuel

Wy Pounds of dry alr per pound of “as fired"" fusl Ib per Ib of A.F.
fuel

r,,t@ Pounds of air leakage per pound of **as fired” fuel ks !!:::l Ib of A.F.

Fiope Pounds of dry refluse per pound of “as fired™ fuel Ib per Ib of AF,
fuel

¥, Pounds of fuel fired (rate), either solid or liquid Ib per br

Fg- Pounds of dry gas leaving unit per pound of “as fired"" fuel Ib IP"I Ib of A.F,
L

| Ib per Ib of dry air

Pounds of moistare per pound of dry air
X-Ratio '

Momizing stoam

Corrocted

Efficiency

Gas side elficiency

Chango

Dey

per cont

per cent

13
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AIR HEATERS

SECTION 3, GUIDING PRINCIPLES

Gomright A ITITaHonnl m— o
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3.01 ltems on Which Agresment Shall be
Reached Prior to Test:

3.01.01 Object of Test.

3.01.02 Permissible deviation in gas side effi-
clency between duplicate runs.

3.01.03 Air and gas flow quantities.

3.01.04 Allocation of responsibility for all per-
formance and operating conditions which affect
the test.

3.01.05 Selection of test personnel Lo conduet
the Lest.

3.01.06 Establishment of acceptable operational
conditions, number of load points, duration of
runs, basia of rejection of runs and procedures
to be followed during the Lest.

3.01.07 Cleanliness of unit initially and how this
in to be maintained during the test. See Par.
3,04.2.

3.01.08 Condition of apparatus affecting air
leakage.

3.01.09 The fuel 1o be fired, the method of ob-
talning fuel samples and the laboratory to make
the analysis.

3.01.10 Observations and readings to be taken to
comply with the abject or objectives of the test.

30111 Instruments to be uwsed, calibration of in-
struments, mothods of measurement and squip-
ment to be used in testing the unit. The Perform-
anece Test Code Supplements on Instruments and
Apparatus should be wsed, when applicable,

3.01.12 Tolerances and limits of error in meas-
urement and sampling.

3.01.13 Disteibution of fuel refluse quantities be-
tween varlous collection points and methods of
sampling.

3.01.14 Corrections to be made for deviations
from specified operating conditions.

3.02 Selection of Personnel. To insure ob-
taining reliable results, all personnel partici-
ating in the test shall be fully qualified to per-
orm their particular function.

3.03 Tolerances ond Limits of Error. This
Code does not include consideration of over-all
tolerances or marging on pd'r_.fnmnn cé guaranfees.
The test results shall be reported as computed
from test observations, with proper corrections for
calibrations.

Allowances for errors of measurement and
sampling are permissible provided they are agreed
urnn in advance by the parties to the test an
clearly stated in the test report.

3.04 Acceptance Test. An acceptance test
shall be undertaken only when the parties to the
test certily that the wnit is operating to their
satisfaction and is, therefore, ready for test. Es-
pecially in the case of fuel burning equipment,
adjustments and changes arc somelimes neces-
sary Lo oblain optimum performance. The accept-
ance test should be started as soon as the unit is
in satisfactory condition for test, provided the
load and other governing factors are suitable.

3.04.1 Pasties to the test may desi a person
to direct the test and to serve as arbiter in the
ovent of disputes as to the accuracy of observa-
tions, conditions or methods of operation.

3.04.2 All heat transfer surfaces, both internal
and external, should be commercially clean
(normal operating cleanliness) before starting the
test, During the test, only the amount of cleaning
shall be permitted as is necessary to maintain
normal operating cleanliness,

3.04.3 After a preliminary run hos been made, it
may be declared an acceptance run if agreed to
and provided that all the requirements of o regu-
lar run have been met.

3.04.4 At least two runs shall be made approxi-
mating the load required for neceptance. ?Flhu
resulls exceed the prﬂviu'ualy BFBII:' upon devia-
tion in efficiency between runs, a third run shall
be required. The test efficiency at the required
load will be the average of the two runs which
fall within the permissible deviation in efficioncy.

3.05 Preparation for Test. Install such meas-
uring apparatus as may be n:q'u.irea to attain the
objective of the test. It is recommended that the
air heater be inupcch:d prior to the test to note
the condition of all parts which can affect the
performance. In particular, the tightness and
cleanliness of air heater tubes and condition and
cleanliness of elements and condition of the
seals of regencrative air heater should be exam-
ined and the air heater placed in proper operating
condition. The hnmsa or rt:t:ircu]ﬂiix dlqﬂrl
should be checked for tight shutoff. lim-
inary check of air leakage, calculated from Orsat
analysis at the gas inlet and outler should be
conducted prior to the actual test.
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3.06 A Preliminary Run shall be made for the
purpose of:

3,06,1 Checking the operation of all instruments.

3.06.2 Training the observers and other test
personnel.

3.08.3 Mul‘.inﬁ minor a-li_]'ustrl'nantaf the needs for
which were not evident during the preparation for
the test, and establishing proper combustion con-
ditions for the particular fuel and rate of burning
to be emp]{:}red.

3.07 Test Conditions. It is important that air
and gas [low through the air heater remain essen-
tially constant throughout the test. The steam
generator output shall be set as close as possible
to that required of the test run and shall be held
stable for at least 30 minutes prior Lo the start of
the test.

3.08 Duration. Test runs shall be of at least
two-hour duration but sufficiently long to pormit
the taking of at least two complete sets of con-
sistent readings.

3.09 Frequency and Consistency of Readings.

Except for quantity measurements (see Pars. 5.4
and 5.5), the readings shall be taken at 15 minute

Copreght ATV nlsmationnl e
Pronigesd by HES under loanse with ASME
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intervals. If, however, there are [luctuations, the
readings shall be taken at such frequency as may
be necessary to determine a value that represents
a true averaga.

3.09.7 It is suggested that, in so far as is feas-
ible, pertinent data of the run be plotted continu-
ously, as the run progresses, on coordinate paper
of suitable scale to permit a complete review of
the conduct of the run, at least hourly.

3.10 Rejection of Runs. Should inconsis-
tencies in the observed data be detected during a
run or during the computations that would cause
obviously untrue results, the run shall be rejected
completely, or in past if the affected part is at the
beginning or at the end of the run. A run that has
boen rejected shall be repeated, il necessary, to
altain the objectives of the test.

3.11 Records ond Test Reperts. All observa-
tions, measurements and instrument madlnga
necessary for the objective of the test shall be
recorded as observed. Corrections and corrected
values shall be entered separalely in the test

record.

———— e =
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AIR HEATERS

SECTION 4, DATA REQUIRED, INSTRUMENTS AND APPARATUS

4,1 Data Required. The following data ara
needed in order to determine the performance of
the air heater:

4.1.01
4.1.02
4.1.03
4.1.04
4.1.05
4.1.06
4.1.07
4.1.08
4.1.09
4.1.10
4.1.11
4.1.12
4.1.13
4.1.14

Temperature of air entering air hoater
Temperature of air leaving air heater
Temperature of gas entering air heater
Temperature of gas leaving air heater
Quantity of air entering air heater
Quantity of heated air leaving air heater
CQuantity of gas entering air heater
Quantity of gas leaving air heater

Air side inlet and outlet static pressure
Air side inlet and outlet velocity preasure
Gas side inlet and outlet static pressure
Gas side inlet and outlet velocity pressure
Humidity of inlet air

Gas analysis of flue gas entering and
leaving air heater

4.1.15

Quantity of fuel measured or computed by
steam generator output and efficiency

4.1.16

4,1.17 Quantity of fuel oil atomizing steam if
burning oil.

Ultimate analysis of fuel

EE— T
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4.2 Instruments and Apparatus. Directions re-
garding the characteristics, use and calibration of
the apparatus required are given in PTC 19 Sup-
plements on [nstruments and Apparatus (I & A).
The instruments and apparatus required for air
heater tests are as follows:

4.2.1 Determining air and gas temperatures —
Calibrated thermocouples shall be used with a
calibrated potentiometer. The thermocouples
shall be in accordance with [ & A, Temperatum
Measurement (PTC 19.3) and arranged so that
they can be traversed across the duct.

4.2.2 Determining air homidity adjacent to air
inlet ~ A psychrometer shall be used.

4.2.3 Measuring air and gas pressure — U-tube
or inclined manometers for determining pressure
shall be filled with water or a light liquid of
known specific gravity. (Refer toe PTC 4.1, Pars.
8.06 and 8.07.)

4.2.4 Analyzing dry flue gas — Gas analyzer
shall be used to determine percentages of carbon
dioxide, oxygen and carbon n}onnxit]c.

4.2.5 chsuring fuel input, if paquired — Cali-
brated coal scales, cil meters, or gas meters

shall be used.

4.2.6 Sampling of fuel — Air tight containers
shall bo used for individeal fuel samples to aveid
moisture loss.




Commght KSME Islarmecrsl
Proid by H5 inser koaren wrh ASKE .
Mo seprocuction o natworking permied sihaut license fom HS -

ASME PTC%Y4.3 LA HH

0759670 OOD54100 B MM

ASME PERFORMANCE TEST CODES

SECTION 5, MEASUREMENT

5.1 Location of Test Sampling Points for Air
and Ges Temperature and Gas Analysis. Tem-
perature and/or gas analysis sampling points in
the inlet gas and inlet air ducts shall be located
e close to the air heater as practical and as
consistent as possible with good velocity meas-
wrement practice. Due to the probable stratifica-
tion at the gas and air outlets and air infilteation
of a regenerative air healer, the traverse section
should be located as far from the heater as prac-
tical and be divided into equal areas for velocity
measurement and simultansons gas sampling from
the center of these areas, A weighted average
can then be calculated, taking inle consideration
the gas temperature, Par. 5.2, as well as a veloc-
ity function. See Performance Test Code for,
(PTC 11). The number and arrangement of the
equal arsas will depend on the size and layout
of the gas passage. In rectangular ducts, the
areas shall be approximately square and the
sampling points shall be not more than three feet
apart, and o total of not less than four points
shall be used. Where judgment indicates a pos-
sible severa stratification, consideration should
be given Lo a system of closer spacings. In round
ducts, test points shall be located on two tra-
verses along axes normal to each other as de-
scribed in the Performance Test Code for Fans (FTC)
11). It is recognized that there may be cases in
which the gas velocity is so low that velocity
measurements would be impractical. In such
cases an arithmetic rather than weighted average
ghould be employed. When the importance of the
test does not warranl making velocity measure-
ments and taking individual samples from the
equal areas, an aspirator and suitable apparatus
for obtaining 8 composite sample from several
sampling points may be employed. With the ex-
ception of the area sampling instruction above,
all of the procedures are to be in accordance
with recommendations of | & A, Part 10 on Flue
and Exhanst Gas Analyses (P1'C 19.10).

5.2 Flue Gos and Air Temperatures. Flue
gas temperatures must be taken at the same lo-
cations as those used for flue gas sampling,
Par. 5.1, to minimize the effect of probable gas
temperature stratification.

5.2.1 If a preliminary survey of flue gas flow,
Par. 5.1, indicates severe stratilications, it is

recommended that the temperature measurements
at individual locations in the duct eross section
be weighted in proportion to the gas flow at the
cm'raﬂpnnﬂing locations, and an averaga of the
weighted temperatores be used as representing
the gas temperature at that eross section.

5.2.2 Choice of temperature measuring instru-
ments depends upon the conditions of the individ-
nal case. The selection, design, construction,
calibration, installation, and operation of temper-
ature measuring instruments shall be in accord-
ﬂn:ﬂ} with 1 & A, Temperature Measurement (PTC
19.3).

5.2,3 For determination of the air tomperature,
the same general methods and the same precau-
tions noted in Pars. 5.2.1 and 5.2.2 shall apply

for the air entering and leaving the air heater.

5.3 Gas Analysis. Gas analysis is required
to calculate gas flow. Analysis to be employed
is dependent upon the type of fuel burned and
upon the purpose of the test, Design, construc-
tion and operation of the apparatus and prepara-
tion of the reagents shall be in accordance with
[ & A, Flue and Exhoust Gas Analyses (PTC
19,10},

5.3.1 An analysis should be made to verify
presence or absence of gaseons comhuatihlnu.
If combustibles are found and cannot be elimi-
nated by adjustment to the fuel burning equip-
ment, the hydrogen and hydrocarbons shall be
measured and the gas flow corrected following
the principles covered in Section T of the Test
Code for Steam Generating Units, (PTC 4.1).

5.3.2 For hydrogen and hydrocarbon analyses, it
is necessary to obtain representative field sam-
ples of the gases [or submission to an established
laboratory. Refer to I & A, Flue and Exhaust Gas
Analyses (PTC 19.10).

5.3.3 Proper steps shall be taken to prevent
leakage to or from gas analyzing apparatus and
sampling lines, to avoid contamination and de-
vitalization of reagents, to provide fresh reagents
when needed, to keep manifolds clear of reagents,
to avoid errors due to physical solubility of gases
in reagents and confining liquids, to avoid injury
by contact with reagents, Lo allow for burette
error and drainage time, to avoid change of sam-
ple temperature during analysis, to keep ap:
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paratus ¢lean, to minimize human errors by em-
ploying careful operators who are given adequate
information on common sources of error, to pro-
vide operators with adequate light and reasonable
comfort, to verify results by checking against
theoretical, and in all other ways, to assure that
recorded data are correct and their degree of pre-
clnion known. Sampling should be continuous
when possible. Because all gases, especially
803 and COy, are soluble to some extent in
water, the water in the levelling bottle shall be
saturated with sample gas before taking any
readings.

5.3.4 Detailed precautions given in 1 & A, Part
10 on Flue and Exhaust Gas Analyses (PTC
19.10) shall be followed.

- - i
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54 Flue Gas and Air Quantity. Flue gas
quantity shall be determined by calculation from
fuel analysis and flue gas composition. Calew-
lation procedure for gas weight per heat unit of
fuel shall be as given in Par. 7.04.1. Similarly,
nir quantities shall be calculated as per Par.
71.06.

5.5 Fuel Quentity. The quantity of fuel may
be obtained by measurement in accordance with
procedures given in PTC 4.1, Section 4, or by
computing from test efficiency and output of the
steam generabor.

5.6 Power. Power requirement of the regen-
erative air heaters may be disregarded for per-
formance purposes.
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SECTION 6, PERFORMANCE FACTORS

6.1 Analysis of Over-all Performance. The
analysis of air heater performance is confined to
the following considerations:

6.0.1 Comparison of test thermal performance
with design.
6.1.2 Comparison of test air leakage with design.

6.1.3 Comparison of test air and gas side pres-
sure loss with design.

6.2 Operating Conditions. Conditions which
affect the air heater performance and which
should be given special consideration are:

&.2.1 Qllantitf of air pasaing t]lmugh the air
heater,
6.2.2 Temperature of air entering the air heater.

6.2.3 Recirculating or bypassing of air to control
cold-end temperature.

6.2.4 Tempering air and setting infiltration which
did not pass through the air heater,

6.2.5 Air heater leakage — condition of seals.

6.2.6 Quantity of gas passing through the air

heater.
6.2.7 Tempm'atum of gas entering the air heater.

6.2.8 Fouled or corroded elements or tubes.

————
L1 -
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6.3 Thermal Performance. A very important
factor in evaluating the thermal performance of an
air heater is X-Ratio. This [detor is nondimen-
sional and is obtained during test by recording
gas side in and out temperatures, air side in and
out temperatures and Orsat rcaﬂingu at gas inlet
and outlet. From the latter two readings the air
leakage to the gas side is obtained in pounds per
pound of wet gas and permits correction of the
test temperature of gas out Lo temperature of gas
out with zero air heater leakage. The use of the
X-Ratio accounts partially for differences be-
tween test and design values of air heater exit
gas temporatures. The X-Ratio is also affected
by tempering nir flow, sealing air flows, setting
infiltration and in some arrangements by gas
recirculation.

6.4 Air Heater Leakage. From the Orsat
readings used to obtain X-Ratio the amount of air
leakage is determined and when corrected is com-
pared with design.

6.5 Exit Gos Temperature. Test and design
exit gus temperaturs should not be cumpured un-
til corrections to the test values have been made
in accordance with Section 7, Par. 7.07 thmugh
Par. 7.11.

6.6 Prossure Loss. After corrections for
temperature and flow rate, test gas side and air
side prossure losses are to be compared with de-
sign values.

e T———e
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SECTION 7, COMPUTATIONS
The following computation procedures are for determining air heater performance.

7.01 N = per cent = Gas side afficiency.

tgus = fgis
T"G = _—.@ x lm
EGia — EAdn

Where
tgis =F = Measured gas temperature entering air heater,

S @ w F = Calculated gas temperature leaving air heater corrected for no air leakage
as given in Par. 7.02.

t4s = F = Measured air temperature entering air heater.

702 tgys @) = F = Calculated gas temperatwre leaving air heater corrected for no air leakage.

A ] {lc = B4 }
tgis @ - @ - - ’ + Igus
100 e,

Where

A@ = Per cent = Air heater leakage as given in Par. 7.03

CpA w, ‘"}I—k:ir = The mean specific heat between temperatures tqy and o

:,;m - H:L—“F = The mean specific heat between temperatures tgyg and tgon @

Where
boin = I = Mensured gas temperature leaving air heater,

t4g = I' = Messured air temperature entering air heater.

7.03 d@- Ib wet air leaknge % 100 = Per cent air heater leakage, — defined as
Ub wet gas entering air heater pounds of air leakage to the gas side divided
by pounds gas entering the air heater.

E@ - P'GI! - rlI:'II % lm
Wi va

() gy the detarmination of the masn speciile heais use PTC 4.1, Fig. 3 lor air and Fig. 7 lor gas o calculaie the weighted
avarage -..:L“c heat lor wat alr and wat EaEs

2
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Ib wet gas leaving enlering air heater
Ib A.F, fuel

]

Weisaia

- IIL"W.H + Woo »

Foris 1a = "‘L:'F-‘%% = Dry gas flow leaving/entering the air heater as given in Par, 7.04
' JF. fue

Ib moisture i " " " . m
F.- “ b AF foel = ?I'ql;gl moisture in flue gas entering the air heater as given in Par. .

7.03.1 While not a part of this Code, an interesting empirical approximation of percentage of leakage
may be obtained by the use of the per cent volume of the CO; in the gas entering and leaving the
heater. The approximation does not account for the moisture in the flue gas,

Thus:
% LEAKAGE - % CO; gas l!ulennE heater — % CO; gas leaving heater x 90
: gas |=l'\r|n5 he ater

Experience has shown that the use of this factor, 90, will result in percentage leakage figures that are
very elose (plus or minus one percentage point) to leakage determined on a weight basis.

7.04
Wp' = Ib'! : {::1 = Pounds of dry gas per pound of “*as fieed" fuel.

7.04.1
44.01 CO; + 32,00 0 + 2801 CO + 28.02 N,

12 ﬂl
. - C
67, 12,01 (CO, + CO) ( o )

The above formula is based on molecular weights accurate to four significant figures, but it is not to
be implied that the dry gas weight derived has this fif,gree of accuracy. The lour digit molecular
weights are used to hold erors from caleulation procedure to a minimum.

COg, Oy, and CO = per cent by volume of d.t':r gas.
N; being determined by subiracting the total of GOz, Oy, and CO from 100 per cent.

Cy = H"—':;“—EIEM = Pounds of carbon burned per pound of “as fired’" fuel.

Ib AF. fuel
€l = (rd.. L
14500

'!:Ih this Code, sir loakage is sssumed to bypass direcily from the inlet sir aide 1o tha IH.II.L'H#II slde, Therefore molature in I

mir leakage does mot hecame o part of G ia * Weis bat does become & part of I"{.'-'H i+ Wz The amissien of this
moistare in the lstier term will not affect the scoursoy af the leakage calcelation simee it s & very small part of the Lol

maistore term. I it in desired 1o calcelaie this meisture torm, the (ollowing procedure meay be ureds
L. Caleulaie ithe sciusl pounds of dry air leakage par pound of “as fired" fucl; Fg oy ~ Forg.

q. Multiply the result af (1) by the specific hemidity (pounds moisture/pounds dry sir) ta get the pounds of maisters is
leakage air par pound of “as Fired™ fuel.

%, Add the resuli of (2) te the Wy term wsed to calewlaie Wgyg ond then recaloulsis A Lo

22
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Where refuse rate at various collection points, such as ashpit, dust collector, boiler hoppers, is not
actually determined, it can be estimated if all parties agree.

If fuel rate is not measured, it shall be computed from steam generator test efficiency and outpuat.

Hyrpe = Wft::fu?e = T;:::;:;amry determination of per cent combustible times 14500 Bry
or
Hyeps = ﬁ = Laboratory determination of heating value by bomb calorimeter
14500 = BU% _ Heat value of 1 1b of carbon as it accurs in refuse (see Par. 9.4 of the Tost
Code for Steam Generating Units, PTC 4.1)
5= ﬁhﬁ = The “as fired” sulfur content of fuel as determined by laboratory analysis.
7.05
¥uG = Tofi—pooy = Pounds of moisture in the flue gas per pound of “as fired” fuel.
Woc =8936H + (Fu- x W) 4 mp+ W, 4+ W’ME
Where

I
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Where

C= i%: Pounds of carbon in “us fired" fuel by laboratory analysis.

Ih £ ] L
Waps =5 AR foep = Pounds of dry refuse per pound of “as fired” fuel.
¥,
rﬂ!pl - d'p'e
e
Where

Fieprg = %‘-]:— = Dy refuse rate

wr, = ‘Ll; = Fuel rate

8.986 = B.936 pounds of water produced from burning one pound of hydrogen.

H = T*Eh"ll.]i?_‘m- Pounds of hydrogen from an “as fired'” ultimate analysis.

13 , . "
W -:Em-r—u Pounds of meisture per pound of dry air at boiler inlet.

]h r i = Fr . a
Wy “Tb AF. fael = Pounds of dry air per pound of *“as fired" fuel as given in Par. 7.06,

23
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_ b
" “IbAF. fuel =

T
* “Tb AF. Fuel =

Pounds of moisture per pound of “'as fired"’ fuel.

Pounds of atomizing steam per pound of “‘as fired” [uel. The procedure
for obtaining this term is given in Pars. 4.17 and 7.3.2.06 of the Test
Code for Steam Generating Units, PTC 4.1,

b

F'“Elm T AT Tocl = Pounds of moisture evaporated in ashpit per pound of “‘as fired” fuecl.

7.06

v, - M"W - Pounds of dry air per pound of “as fired” fuel.
V. - e, - N
0.7685
Where
Ib

rt-"]'q'! =T AF foel ™ Pounds of nitrogen in dry gas per pound of “as fired" fuel.

” 28.02 N o, 1201 ¢
6Nz =712.01 (CO, + COY \ * * 3207 °

The preceding formula is based on molecular weights accurate to four significant figures, but it is not
to be implied that the weight of dry air has this degree of accuracy. The four digit molecular weights

are used to hold errors from calculation Fmedurea to a minimum. The values used are from the National
Bureau of Standards Circular 564, dated 11/1/55.

C0;, 0; and CO = Per cent by volume of dry floe gas (Location 14 o 15, Fig. 1.)
N; being determined by subtracting the total of CO;, O3 and CO from 100 per cent.

Cy = b ﬂlF ol ™ Pounds of carbon burned per puum] of “as fired" fuel.
l:b - c = wdui.a H‘JE'
Where
b

C = m:j—... Pounds carbon in “as fired'" fuel by laboratory analysis.

I

= T o P " ired” . T.04,
P Ib AF. fuel Pounds of dry refuse per pound of “as fired” fucl, see Par. 7.0

" L

Biu

= m- Heat value for dry refuse from laboratory determination.

.Hd-’

“JTH; torm moy be ignored, by agraament, inosmuch &s its magnitade [s such that iy allecis the wet gas weight on the order af
the 0.1 per cemt, Ii it is desirad, this torm may be ealeulated ns oublingd in Pars. 5.23 and 7.3.2.1]1 of the Test Coda for Staam
Geperating Units, PTC 4.1,

24
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14500 = EIE = Heat value of 1 Ib of carbon as it cccurs in refuse (see Par. 9.4 of the Test

Code for Steam Generating Units, PTC 4.1)

I
Ib AE, fuel

Nw= Ih_F'_.ﬁ..Ih Tael ™ Pounds of nitrogen per pound of “as fired” fuel.

5w w Pounds sulfur per pound of *‘as fired" fuel as determined by laboratory

analysis.

0,7685 « Pounds of nitrogen per pound of stundard air, W4+ then becomes

28,02 N 1201
12,01 (GO, + CO) (":* * 52.07 5) - N

0.7685

“'I,'; -

F T
7.07 Tost X-Ratio = —A2 24 _ Uow = towe @) ) and is the ratio of the heat capacity of the
Gia Cpe {Mp - Ml}

air passing through the heater to the heat capacity of the gas passing through the heater.

Wis = JI'EfF—!I.“T = Wet air flow leaving air heater.

Ib wet gos .
Fou “Tb A fuel = Wet gas flow entering air heater as given in Par. 7.08.

"‘F"“I' EBEF = Mean specific heat of air between temperatures f44 and f4s-

p’gmu I—E‘:—F- Mean specific heat of gas between temperatures tgys and fgys @ .

tgie = F = Measured gas temperature entering air heater.

[T @ = F = Calculated gas temperature leaving the air heater with no leakage as given in
Par. 7.02.

tqn = F = Measured air temperature leaving air heater.
ids =F = Measured air temperature entering air heater.
X-Ratio is derived from heat balance taken around an air heater corrected for no air leakage. Using the

basic design diagram of Fig. 1, the heat balance is as follows:

Wao cpa (bas = tan) = Wors epe lcw —tcis @ )
z _, _ Waw et Utgra —tos @D
X-Ratio @ Tore oo P 7

Por the determination of the mean spocific hosts use PTC 4.1, Fig. 3 for sir and Figs T for gas 1o caloulate the walghted
avarage apocific hoat for wet air and wol gos.

(41
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JF.07.1 Design X-Ratio is obtained by using the above formula and factoring into it the design data.

7.08

tcissq = F = Comected gas temperalure leaving air heater for deviation from dcliln entering
air temperature.

tasp ligya = ‘_l'.-'ll-:' + igra ligis — tas)

bgis84 = ——
(tga = tas)
Where
tiap = F = Unnigh air temperature entering air heater
tgi4 = F = Measured gns temperature entering air heater
tgis = F = Measured gas temperature leaving air heater
tag = F = Mensured air temperature entering air heater

The above equation is based on the test gas side efficiency remaining constant with changes in inlet
air temperature. It's derivation follows:

g — bGis @ - Igia = fcu@ A

Egia — tAs tgia = tAnD

The nonleakage leaving gas temperature tg,s &4 is the corrected variable to be solved for. This
temperature is related to the leaving gas temperature with leakage as shown by Par, 702, The two
equations for the two nonleakage leaving gas temperalures in the above equation are shown as [ollows:

A
igwe @ - M ltgis — tas) & tges

100 ¢

k . .-* E‘PA
100 E‘pg

e @- = K |:.l[;|,5 - l,q;': + igs
Rewriting the above equation to correct for the deviation from design entering nir temperature.

ST @ BA = k (teye fd = tdaD) + toisEA

Upon substitution of the above two nonleakage leaving gas temperature equations into the equated gas
side efficiency equation, the corrected leaving gas temperature with lenkage fcis 54 can be solved for,
The result of this substitution is as follows:

icre = kltcys — tan ) — tgus IG1s — H-H.-‘_mEA — t4sD ) = tG1n A

Igia — e fEia = LAaD
%
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The above equation reduces to:

- M-nhr;u“ h:u:' + Iga h.;.. = t4a)

nie Uy = tae)

7.09

teis 3¢ = F = Corrected Gas Temperature Leaving Air Heater for Deviation from Design Enter-
ing Gas Temperature

teup g — tas) + tas ligu — tgys)
hc.‘u — t4a)

fcisic=

iGup = F = Design gas temperature entering air heater

tg1s = F = Measured gas temperature leaving air heater

t4s = F = Measured air temperature entering air heater

tg1s = F =Measured gas temperature entering air heater
The above equation is based on the test gas side efficiency remaining constant with changes in inlet
gas temperature. The derivation follows:

Iguw — s @ Igab = tgis @. ic

bgya— L4 tgyaD — Ede

The nonleakage leaving gas temperature tg s @ ic is the corrected variable to be solved for, This
temperature is related to the leaving gas temperature with leakage as shown by Par. 7.02. The two
equations for the two nonleakage leaving gas temperatures in the above equation are shown below:

AT @ w kb ltgye = tas) + teas

AT @ 86 = k ltgys 80 — Hl}i' tgis B

Where & -i@ﬂ

100 ¢,

Upon substitution of these nonleakage loaving gas temperature equations into the equated gas side ef-
ficiency equation, the corrected leaving gas temperature with leakage tgyq 3¢ can be solved for. The
result of this substitution 1s shown below

tgia — kltgio = t4e) = tgin  tgrap — kltgiese — tas) — ternsg
tgia = Edo tg1ap — tdn

toup (tow = tas) + tan tgra — tgrs)
(tgra = tan)

UATE [

70 toias @. w F' = Corected Gas Temperature Leaving Air Heater for Deviation from Design
X-Ratio.

7
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Correction to measured gas temperature leaving the air heater for deviation from design X-Ratio may be
made by the use of appropriate design corection curves,

A | P @ = F = Corrected Gas Temperature Leaving Air Heater for Deviation from Design
Entering Flue Gas Flow.

Correction to measured gas temperature lcaving the air heater for deviation from design flue gas flows
may be made by the use of appropriate design correction curves.

7.2
tis by = F = Totally corrected gas temperature leaving air heater
bG8 Bpggel = fG1SEA + IGinEG + IGund @ 4 tmu.ﬁ@ — Bigys
Where

tpisid = F = Gas temperature leaving the air heater corrected for deviation from design
entering air temperature

toisse = I = Gas temperature leaving the air heater corrected for deviation from design
entering gns temperature

tis § @ = F = Gas temperatore leaving the air heater corrected for deviation from design
X-Ratio

[T 3@ = ' = Gas temperature leaving the air heater corrected for deviation from design
gas flow

foys =F = Measured gas temperature leaving the air heater.

7.13
Wy @ 5 = ﬁ: Corrected Air Leakage for Deviation from Design Pressure [Dif-
= "1 ferential and from Design Air Temperature
w2 .
APis_mip ( Tas
4@ @ APy \ Tasp
Whers

b .
Wa(@©= T ol AF, fael = Air leakage

FFG@: Wi — Fona

GIT“.“ design correction curves can be substontioted by field tosts although the procedures necessary may be considered

impractical.
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Where

W _ 1b wet gas leaving/entering air heater
ool Ib A.F. Tuel

{3
- wr:."u.. 1+ Fuc }

Weeis, 1a =1—#£E'—g[:.—fl— = Dry gas flow leaving/entering the air heater as given in Par, 7.04

' Ib moisture . 0 :
F.c = Eﬁ: Total moisture in flue gas entering the air heater as given in Par,

7.06

APy a0 = Inches of water = Design statie pressure difference between air inlet ot the duet
connection flange and gas outlet at the duct connection flange.

APy sy = Inches of water = Measured static pressore difference between air inlet at the duet
connection flange and gas outlet at the duct connection flange.

Tas =R = Measured average Rankine temperature of air entering air heater.
Taep = R = Design Rankine temperature of air entering air heater.

It is recognized that the above orifice correction is not a rigorous treatment of the subject but is con-
sidered sufficiently accurate for the purpose of the Code.

7.03.1 To determine the above corrections when leakage is expressed on a percentage basis, use the
following procedure:

A@sn w Per cent = Corrected Air Leakage for Deviation from Design Pressure Differential
and from Design Air Temperature

2
Foia | APue-isip ( Tan \|'
A = A
@5}? @?ﬂﬂli [ﬂ.lﬂu_”,p )

Tasp

Where
A @ = Per cent = Air heater leakage as given in Par, 7.03

B Ib wet gas
¥eis = 15AF. ful

1]
Voou = TR ool

APiy1myp = Inches of water = Design static pressure difference between air inlet at the duct
connection flange and gas outlet at the duct connection flange.

Wer gas flow entering air heater as given in Par. 7.03

Wet gas flow entering air heater at design conditions

18 In this Code, air leakage s assumed to h;r_piaa lﬂiruvull}.I fram the inlet air side to the outler gas side, Therefors malsiurs in
aflr lenknge does not become o port of F,Gq_q + FM o but does become o part of F{;r” + D‘,,L- + The omission of this mois=
ture in the latter term will not affest the sosuracy of the leakage oaloulation since it is o wery small part of the total moisiure
terms If it is deaired to colenlote this moistore term, the !n-llnw'lng procedare may be usads

l. Caleulate the nctual pounds of dry alr leskage pee pound of **as fired"™ fuel; Wpegn - Wgpega.

2. Maltiply the resaly of (1) by the specific humidity (pounds meisture/pounds dry aird to get the pounds of meisture in leak-
age sir per pound of “an fired"" fuel.

8. Add the result of (2} ko the W,-[; térm uséd to caleulate Wi s and then recalculats A@-

o 79 I
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":'lpla- 151 = Inches of water = Measured static pressure difference between air inlet at the
duet connection flange and gas outlet at the doct connection
flange.

Tqa = R = Measured avernge Rankine temperature of air entering air heater.
Taep=H= nesign Rankine temperature of air entering air heater.

It is recognized that the above orifice correction is not a rigorous treatment of the subject but is con-
sidered sufficiently accurate for the purpose of the Code.

7.4

APy1acis 5 = Inehes of water = Gas Side Pressuwre Loss of the Air Heater Corrected for Devia-
tion from Design Flow amd Temperatures

o (Tgiap + Tersn)
AP e imrs = AP s - 3
[14=18 8 HEESRT 1] l’*c [TG‘H + TGLS:'

Where

AP~ vs = Inches of water = Measured pressure loss

Ik ,
Fep = m = Design gas flow

Toap =R = Dcslgn Rankine temperature of L‘:I:I.I-&I.‘JI.HH gas

Tousp = = Design Rankine temperature of leaving gas

I
Fe = ool AF fool = Tost gas flu:rw

Tgra = R = Measured Rankine temperature of entering gas

Tys =R = Measured Rankine temperature of leaving gas

7.15

APa_g15 = Inches of water = Air side pressure loss of the air heater corrected for deviation
from design {low and temperatures.

wi (T + Taon)
APy 918 = Pla_w rLD qen + Tdon
Wa (Tas + Tas)

Where

AP gy = Inches of water = Measured pressure loss

b

Wap = T of A Tusl =

Ilealgn air flow

Tasn = B = Design Rankine temperature of entering air

Tasp = R = Design Rankine temperature of leaving air

b = Test air flow

U ~ o oT AT, Tuel -
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AIR HEATERS

T4s = 1 = Vleasured llankine temperature of enlering air

T4s = B = Measured Rankine temperature of leaving air

7.16 Accuracy of Correction to Pressure Loss for Turbulent and Lominar Flow. It is recognized that
the above corrections for pressure losses in Pare. 7.14 and 7.15 are not rigorous for turbulent flow but
the approach is considered sufliciently accurate for the purpose of this Code. For comrection to pressure
losses in laminar flow air heaters coming on the market at the time of completion of this Code, the
treatment is much less accurate and it is suggested the correction be made an item of agreement until
such time as field testing firms up the basis of correction.
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PERFORMANCE TEST CODES NOW AVAILABLE

PTC 23 = Atmospheric Water Cooling Equipment ccipivncssssnsgs (1758)
PTC 8.2~ Centrllugnl Pumps ... coovssnsscasassvasnnnnnsnsess [1765)
PTC 4-!-1:!14 PUI'I:“'_‘{I.‘T' ARA R RN R R R R R R R AR B A :]"‘4}
PTC 1 = Code on Genaral lnstruetlons . covesveisprossssesssans | 1745)
PTC 2 -c'*"n-”ﬂ'"'ﬂ"ﬂ‘v.—lwl ERRRER AR EE ERARE R ‘.]'ul
PTC 10 = Compressor ond Exhausters .......ccovsimsnnnsnnssss (1765)
PTC ¥ = Displocement Compressors, Vacuum Pumps ond Blowers [195d)
PTC Z.1= Displocement PUmps . ..o onsssresse ssssssnsnasnnnns (1962)
PTC 12.3— Deosrators cucosnassasshansansagssssssnssginssnsass L1758)
PTC 27 = Determining Dust Concentrotion in o Gas Stream, ..., (1937)
PTC 28 = Datermining the Propariies of Fine Particulate Matter ..  [1965)
PTC 311- n“"‘! ﬂﬁd B“ﬂ\'r FUIFI PER AR RA BB B R B R R R RS RS e t]'!'}
PTC 21 = Dust Separating Apparatiusl ...vveecscssssssrsssnsasns (1941)

PTC 24 = Ejoctors and Booshers ....eseeceessssssssassssnnens [1958)
PTC 14 = Evoporoting Apparetul  .o.euscadssssssss P « [1955)
PTC 12.1= Feedwater Heot#rs ....ovcassrsncvsrnnsnsssnnressss (1955)
PTC 16 = Gas Producers and Contlnuous Gas Generafors, .o .ees .. [1958)
PTC 22 - Gos Turbine Power Plants .ovvvvsiaiinssrsnrsrnsnsns  [1966)

PTC 18 = Hydraulic Prime Movers . .uussssasespaisissssrssaaey (1949)
PTC 17 = |nternal Combuation Englnes ..cvvvevrsssinssnnsnssss [1957)
PTC 20.2- Overspeed Trip Systems for Steam Turbine =Genarater

'JH“I ...... ..... RGN Gam s e s s R R B e R {IEH}
PTC 7 = Reciprocating Steam-Driven Dis pocement Pumps ...... [194%)
PTt 5 '-'“'Elml“a".I“‘m-vll.iuli.llltlt!illllll ‘1""}
PTC 25.2- Sefety and Relief Valves,..ouviuninineirasnssprnaass (1966)
PTC 31-2-5'"‘ FU."i--1-iiirlrr-|1+||--rr1|l1rlllrrll--|!l| ‘I‘s‘}
PTC 29 = SpesdsGoverning Systems for Hydraulle Turbina-Genarater
. Uit sapsncgpenpinsnspinnsbnnssnspreansnseseve LTS}
PTC 26 = Speed-Governing Systems for |memal Combustion

EnginesConsrator Units coccveesensirinssssssnnses  (1962)
PTC 20.1 = Sposd-Governing Systems for Steam Twrbine<Generator

Uit covsensnssnsnssmsnssnanssnsnssnssnsnnnssns _|1958)
FTC ]z-!l-'shmc'ﬂ*ﬂ'lﬂ’hm"lﬂli|-i||i-ri-|-i+l.|-+l-|llrl|l|lr.{l.fi!'
FTC 4.1 = Steam<Ganorating Units ... uvriusssancirsnensparans (1964}
PTC & = Steom Turhines .ovespanrsnrssnnasbssspsnisnnsnsss o (1944d)
PTC &A = Appendix A to Test Code for Steam Turbines....ouea.e  (1964)




























