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FOREWORD

In 1937 the American Boiler Manufacturers and Affiliated Industries Asso-
ciation approached the ASME Performance Test Codes Committee with’the request
for the development of a Code on the testing of coal pulverizers.

After discussion of this problem by the standing Performance Test Godes
Committee, the scope of the Performance Test Code Committée No. 4 on Station-
ary Steam-Generating Units was expanded to cover the performance characteris-
tics of equipment such as coal pulverizers and other fuel burning apparatus.

A preliminary draft of the Code PTC 4.1 wasdistributed for comment and
criticism in January, 1941. Notification of completion of this code appeared in
the May, 1943, issue of Mechanical Engineering. At the December 3, 1943, meet-

ing of the standing Committee it was approved and adopted by the Council on
May 16, 1944.

In May, 1958, Performance Test' Code Committee No. 4 was reorganized and
instructed to rewrite and bring 'up’ to date the Performance Test Code for Steam
Generating Units, PTC 4.1,%and its Supplement, the Test Code for Coal Pulver-
izers, PTC 4.2. Later these instructions were extended to include a new Supple-

ment, the Test Code fér Air Heaters, PTC 4.3.

The revised Test' Code for Coal Pulverizers PTC 4.2 1969 was approved by
the Performance~Fest Codes Committee on March 15, 1968.

The revised PTC 4.1 was approved and adopted by the Council of the Soc-
iety by action of the Policy Board, Codes and Standards, on June 24, 1964; the
revised"PTC 4.2 1969 on October 28, 1968; and PTC 4.3 on November 8, 1967.
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ASME PERFORMANCE TEST CODES
Test Code for

COAL PULVERIZERS
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SECTION 0, INTRODUCTION

0.1 This Code on Coal Pulverizers shall govern Values (PTC\2) and the Test Code for S
the preparations for tests, the taking of data, and erating Units (PTC 4.1) should be folloy
the calculation of test results. General instruc- applicable. The Supplements on Instrum
tions for the conduct of tests are given in the Code Apparatus (PTC 19) shall be used as a
on General Instructions (PTC 1), which should be the“selection and use of test equipment
studied carefully. The Code on Definitions and fied in this Code.

team Gen-
ved where
:nts and
ruide to
not speci-
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COAL PULVERIZERS

1.1 Qbject. The purpose of this Code is to

establish procedures for conducting performance

tests to
111 C
1.1.2 F
1.1.3 R
1.1.3.1
1.1.3.2
1.1.3.3.
1.1.4 P
1.1.5 E
tics on [
and pow
1.1.6 E
settings
and pow

1.2 §
ing syst
parts ne
temperin
pulveriz
flue gas
the syst
monly us

1.2.1 T

determine:

hpacity

neness of product

hw coal feed

Grindability

Moisture

Sizing

bwer Consumption

fect of changes in raw coal characteris-
roduct fineness, pulverizer capacity,

er consumption.

fect of changes. in pulverizer component
on product fineness, pulverizer capacity,
er consumption,

cope. This Code applies to the pulveriz-
bm as a whole, including all the compoment
bessary to take the raw coal, hot air and

g air at the system inlet, and deliver

td coal in proper mixture with«airand/or
at the desired temperature-at _the outlet of
tm. This Code applies to the most com-

ed systems.

he direct-fired system in which pulverizers

deliver the coal directly-to the burner. This sys-

tem usu

lvallas]

lly comprises)the following equipment:

ulverizer and classifier
eedef

SECTION 1, OBJECT AND SCOPE

1.2.2 The storage system in which the coal is
pulverized and stored in bins from which it is
fed.to the burners as needed. This system usuall
tomprises the following equipment:

Exhauster or pulverizer fan

Air inlet and tempering air, ¢onnection, in-
cluding control damper

Discharge coal and air piping, including
valves

Motors and/or steam drives

Sources of hot @ir or flue gas

Figures 1 and\2 illustrate the arrangement
of theSe components in pressure and
suction systems for direct firing.

Pulverizer and classifier

Feeders, raw coal and pulverized coal

Exhauster or pulverizer fan

Pulverizer and hot flue gas fan

Coal and air piping including hot air
inlet damper, cold air damper, and vent
damper

Motors and/or steam drives

Source of hot air or flue gas

Vent cleaning equipment, which may be
vent cyclone, concentrators or filters

Cyclone, cyclone air lock

Vent fan

Figure 3 illustrates the arrangement of
these compunents for a typical storage
system.
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COAL PULVERIZERS

SECTION 2, DEFINITIONS

2.1 The Code on Definitions and Values, PTC

2, defines the meaning and values of basic tech-

nical terms and numerical constants which are used

throughout this Code. Definitions of performance
factors specific to this Code are as follows:

2.1.1

verizer

Cepaet e-Rreasuredoutpy

in pounds of coal per hour,

2.1.2 FKineness. The measured particulate size
distribytion of pulverized product as determined
by standard screens.

2.1.3 Raw Coal Grindability. The measured char-
acterisfic of coal representing its relative ease of
pulverigation on an arbitrary scale. The larger
values | such as 100 on the Hardgrove grindability
scale rgpresent coals easy to pulverize, and the
smalleq values, such as 40, represent coals dif-

ficult o pulverize.

2.1.4 Raw Coal Moisture. The laboratory deter-
mination of moisture from samples taken during
test rug.

2.1.5 Raw Coal Sizing. The measured size distri-
bution ps determined by standard screens of

samplek taken during test run.

2.1.6 Power Consumption. The measured power
input df the drives corrected to shaft input.
The
related
proved,

foregoing performance factors.are inter-
For example, as product fineness is im-
capacity is adversely affected. As the
grindabfility Hardgrove number\idcreases in
values Ln improvement occurs/in the pulverizer
capacitly, and/or finenegs

2.2

Definitions (of) terms specific to this Code

and usdd in describing the coal pulverizing systems

are as follows:

2.2.01
age sys
permits the pulverized coal to discharge but pre-
vents the flow of air and/or flue gas.

Cycldne Air Lock. A device used in a stor-

2.2.02 Vent Cleaning Equipment. An auxiliary
separator used in storage systems to separate the
coal dust from the vented air prior to discharge of
the latter to the atmosphere or stack.

13

2.2.03 Exhauster.
of a pulverizer and used to augment the capabili-
ties of the air supply source in conveying coal
from the pulverizer.

2.2.04 Raw Coal Fee

der.
pulveizer.
2.2.05 Pulverized Coal Feeder. An apparatus
for delivering a controlled supply of pulvérized

coal to the primary air and/or flue gas line to
the coal burning equipment.

2.2.06 Pulverizer Fan. AJfdw used to supply hot

air and/or flue gas to the'pulverizer.

2.2.07 Classifier. Deyice which returns oversiz¢

particles for furthet pulverization.

2.2.08 Pulyerizer Air. The air and/or flue gas
introduced\into the pulverizer to dry the coal and

convey“the pulverized coal to the burners in Direg¢

Fired’Systems or to the cyclone in storage systen

232.09 Recirculated Air. The air recirculated fros
the cyclone outlet to the pulverizer inlet in stor-
age systems.

2.2.10 Refuse from Pulverizer. The pyrites and
other refuse rejected by the pulverizer.

2.2.11 Tempering Air. Air at a low temperature
added to a stream of preheated air and/or flue
gas to modify its temperature to a degree satis-
factory for its use as pulverizer air.

2.2.12 Cyclone. A stationary centrifugal type
separator used to separate pulverized coal from
pulverizer air in a storage system.

2.2.13 Vented Air. The air and/or flue gas

vented from a storage system. It may be all or

A fan connected to the outlet

An apparatus for intro-

NS,

rt of the pulverizer air.

2.2.14 Vent Fan. A fan used to exhaust the
vented air from a storage system.

2.2.15 Primary Air Fan. A fan used to supply
hot air and/or flue gas to the fuel transport line
of a storage system.
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SECTION 3, GUIDING PRINCIPLES

3.1 ltems on which agreement shall be
reached prior to test are as follows:

3.1.01 Object of test,

The test results shall be reported as computed
from test observations with proper corrections

for calibrations.

33 PrnPnrnﬁn

3.1.02 Number of tests, duration, capacity for
pach test, and provision for preliminary tests.

B.1.03 Conditions for rejection of a test run.

B.1.04 Instruments to be used, calibration of
nstruments, methods of measurement and equip-
ment to be used in testing the unit. The Supple-
ments on Instruments and Apparatus should be
hsed, when applicable.

B.1.05 The oal to be used, the method of ob-
aining coal samples (See Pars. 5.3 and 5.4) and
he laboratories to make the analysis.

B.1.06 Method of grindability determination.

B.1.07 Limits of variation in capacity for any one
est,

B.1.08 Limits of variation in moisture,.siz€, and
F‘indability of the fuel and fineness of product
rom a standard or guaranteed conditipn ,

B.1.09 Curves for making cormections for moisture,
size, grindability of raw goaly’and fineness of
bulverized coal to be applied to the capacity and
power consumption results.

3.1.10 Correction\for unavoidable air leakage.

B.1.11 Method that will be used in determining
he weight of coal fed to the pulverizer.

B.4.12 Physical condition of pulverizer, and

ing apparatus and instruments as may(h
to attain the objective of the test.

3.3.1 The quantity of balls in'a/ball mi
be estimated by carefully leveling the ¢
measuring the level from an’/established
The charge can then ke found from the ¢
the particular pulverizer and compared w
original weighed:.charge adjusted for ma
estimated wear-rate.

3.3.2 Coallof the analysis and size dis
agreed\to by the parties to the test shou
suppli€d to the raw coal bunker serving

verizer being tested and in sufficient qu
insure this coal being in the pulverizer
the entire test.

3.3.3 Pulverizer air and gas flows and
tures shall be set as near as possible to
or guaranteed conditions.

3.4 Starting and Stopping
3.4.1 The capacity immediately prior to

shall be as close to the proposed test ra
sible, After insuring that the test coal hg

h measur-
required

| should
arge and
atum point.
rves for

th the

e-up and

ribution
d be

he pul-

ntity to
Juring

tempera-
standard

the test
te as pos-
vs reached

the pulverizer, at least 30 minutes of stjble opera-

tion shall be obtained before the test is
The level of the coal in the pulverizer f¢
per, as well as in the pulverizer, must be
before and after the test.

started.
eder hop-
the same

3.4.2 The readings of all instruments, pprticularly

integrating instruments, shall be recorde
starting and stopping time.

d at the

of a pulverizer as soon as possible after initial
operation is advisable both for checks of guar-
anteed performance and for establishing stand-
ards of performance for ‘““as new’’ conditions.

3.2 Tolerances and Limits of Error. This
Code does not include consideration of over-all
tolerances or margins on performance guarantees.

14

3.4.3 Each test shall be run with all predetermined
conditions maintained as nearly constant as possible.

3.5 Duration. Performance tests of pulverizers
shall each be of at least two hours duration.

3.6 Instruments and Methods of Measurement.
The necessary instruments and procedures for ob-
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taining measurements are prescribed herein and Dust Separating Apparatus PTC 21

should be used in conjunction with the following Determining Dust Concentration in a Gas Stream
Performance Test Codes and Supplements on In- PTC 27
struments and Apparatus and ASTM publications.
In all cases, care shall be exercised to refer to 3.6.2 ASTM Standard Methods:
the latest revision of the document concerned. Methods of Sampling Coals, D 492
Moisture Determination, D 271
3.6.1 A = i ili
ments o Instruments and Apparatus: Hardgrove Machine Method, D 409
Method of Sampling and Fineness Test of Bow-
Genferal Instructions PTC 1 dered Coal, D 197
Defjnitions and Values PTC 2 Specification for Classification of Coal by
Solid Fuel PTC 3.2 Rank, D 388
Stegm Generating Units PTC 4.1 Method of Test for Screen Analysis of Coal,
Conjpressors and Exhausters PTC 10 D 410
Fans PTC 11 ' ASTM Specification E-1]<5tandard Specifica-
Sup{lements on Instruments and Apparatus tions for Sieves forTesting Purposes
TC 19

15
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SECTION 4, DATA REQUIRED, INSTRUMENTS AND APPARATUS

4.1 Data Required. The following data are
required in order to determine the performance of
the coal pulverizing system.

4.1.01 Weight of coal fed to pulverizer,

4.2 Instruments and Apparatus. The in

stru-

ments and apparatus required for pulverizer

tests are:

4.2.01 Scales for weighing coal — Individual
automatic scales included in the pulverizing

4.1,02 Size distribution of coal to pulverizer,

4.1.03 Coal level in pulverizer and feeder
hopper at beginning and end of test.

4.1.04 Surface and total moisture in coal fed
to pulverizer.

H.1.05 Moisture in pulverized coal.

{.1.06 Grindability of coal fed to pulverizer.
#.1.07 Fineness of pulverizer product,

#.1.08 Temperature and humidity of room air.
#.1.09 Temperature of preheated air and/or
flue gas supplied for drying and conveying coal
in the pulverizer.

f.1.10 Temperature of tempering air.

#.1.11 Temperature of air and/or flue\gas
mixture ertering the pulverizer.

#.1.12 Temperature of coal fed'to pulverizer.
#.1.13 Temperature of mixture of pulverized

coal with air and/or flue gas leaving pulverizer.

nd leaving €ach major component of the system

E.1.14 Pressuretof air and/or flue gas entering
uch as pulverizer, fans, cyclones, dust col-

lectors;, €tc.

1.5,15 Quantity of total pulverizer air, hot air,
or gas and tempering a1 oo CaKAge;

also of the return and vented air in storage

systems.
4.1.16 Vent loss (storage system).

4.1.17 Power to drive pulverizer, fans, feeder,
{cyclone air lock in storage systems).

system may be used for weighing fuel befdre

delivery to the feed hopper. Automatic-st
shall be calibrated for accuracy and relial
and balanced after each dump.

les

ility

4.2.02 Calibrated coal feeders — Where the

degree of accuracy is adequate for the purpose

of the test, calibrated,coal feeders may be
to determine the coalweight.

4.2.03 Round-hole screens — For sizing

used

coal

to the pulverizer the screen to be used shall

comply,with the Test Code for Solid Fuels

, PTC 3.2.

4.2:04 Airtight containers for raw coal and pul-
verized coal samples—Containers for individual

coal samples for moisture determination sk
corrosive, nonabsorbent and air-tight. Othd
such as for feed size and grindability dete]
may be placed in large clean drums or bin

4.2.05 Pulverized coal sampling equipmen
Sieves for determining fineness of pulveriz
fuel should be 50, 100, 200 mesh U.S. stan
sizes. Sampling equipment and arrangemen
detailed in Par. 5.4. All sieves shall com
with the Test Code for Solid Fuels, PTC 3

4.2.06 Means for determining air temperaty
and humidities — Calibrated thermometers:
calibrated thermocouples with potentiometg
shall be used for measuring temperatures. |
ties shall be determined with a psychromet]

all be non-
r samples

rmination
5 with
covers to prevent accidental contaminatio.

t —

ed
dard

I are
ply

2.

res
b Or

r
Humidi-
er.

or inclined gages for determining pressure

U-tubes
shall be

filled with water or a liquid of known specific

gravity.

4.2.08 Means for measuring air quantities
flows may be measured by calibrated pitot
flow meters. (see Par. 5.5)

— Air

tubes or
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4.2.09 Sampling equipment for determining dust
loading in vented air — For storage systems, vent
losses shall be measured, see Par. 5.6.

4.2.10 Instruments for determining power input to
motor or turbine drives — Electric power may be
measured by calibrated wattmeters or watthour
meters.

Determination of power from a steam turbine re-
quires the use of steam flowmeters, and pressure
and temperature measuring devices (see Par. 5.2).

Directions regarding the characteristics, use,
and calibration of most of this apparatus are given
in the ASME Performance Test Codes Supplement
on Instruments and Apparatus (PTC 19).

17
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SECTION 5, MEASUREMENTS

5.1 Coal Weighing

5.1.1. Coal shall be weighted as delivered to the
pulverizer. The pulverizer capacity shall be taken
as the average weight per hour of coal fed to the
pulverizer over the test period. The rate of coal

Enthalpy of inlet steam is the enthalpy at inlet
pressure and temperature and percent mois-
tare if not superheated,

Isentropic enthalpy of exhaust steam is the
enthalpy at exhaust pressure and initial
entropy. ’

fed to the pulverizer shall be maintained as uniform
ag possible over the test period and recorded at
reigular intervals.

5.1.2 A feeder may be used to determine the
weight of coal if the feeder can be calibrated.

5.1.3 Weighing procedure shall be as established
in| Pars. 4.2.01 and 4.2.02. Where automatic coal
sdales or calibrated feeders are used, the actual
nymber of dumps shall be counted for the exact time
of| test, or integrators shall be read at the precise
time for starting and stopping the test.

5.2 Power Measurements

5.2.1 The power input to electric motors shall

bg determined from readings of calibrated indicat-
injg, integrating, or recording wattmeters over the
pqriod included between the starting and stopping
time of each test.

5.2.2 Procedures for obtaining power méasurements
are as set forth inthe Supplement on Instruments

arld Apparatus, Electric Measurements in Power Cir-
cyits, PTC 19.6. Calculations_6f-brake horse-
pqwer output shall be based-on-motor efficiency
cirves for the particular motor. Where extreme ac-
cyracy of brake horsepower output of fan or pulverizer
driive motors is requifed, then the test procedure as
sqt forth in ASA Code C 50-20, Test Code for
Polyphase Induction Motors and Generators, shall

bg used.

5.B.3 In'th€ case of a steam turbine, the formula
fof obtaining shaft power is:

Over-all efficiency is to be obtained frgm cali-
brated performance curves for thé-pafticular
steam turbine.

2545 is the number of Btu perhorsepower hour.

As an alternative to the above, the partied to the
test may agree uponcthe necessary methojs of

measurements, which shall be fully described in
the test report,

5.3 Raw.Coal Sampling

5.3.1) Samples for Moisture Determination. A rep-
resentative sample of raw coal shall be tgken every
15’minutes and shall be obtained in accordance
with the Test Code for Solid Fuels, PTC 3.2.
However,; special sample for moisture detgrmina-
tion shall be separated from the general sgmple,
quickly placed in a noncorrosive, non-absorbent,
air-tight container and sealed immediately. This
sample for moisture shall not be quartered or

the
laboratory. Every effort shall be made to avoid

loss of moisture due to strong drafts at th¢ point

of sampling (such as may occur at a pulve
feeder for example). The moisture of each
individual sample shall be determined sep}
ardtely in two steps including the determination
of the air drying loss of the whole sample|and
its container and the determination of total
moisture, calculated as specified in ASTM
Standard D 271. The moisture used for re-
sults shall be the average of the moisture
tent of all the respective samples. The ampunt
of drying produced in the pulverizing systgm

crushed prior to moisture determination in

izer

con-

Hourly steam flow x (Enthalpy
of inlet steam-Isentropic en-
thalpy of exhaust steam) x
Over-all turbine efficiency

2545

Brake horsepower =

Where

Steam flow is the metered flow in pounds per hour.
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rs—thedifference betweenr the motsture—tnr—the
raw coal and in the pulverized coal. As a
check on this quantity in storage systems, a
moisture balance may be made if the humidi-
ties and air quantities are known.

*‘““Because of the many variations in the
condition under which coal must be sampled,
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and the nature of the material being sampled,
it is essential that the samples be collected by

a trained and experienced sampler. Variations in the

manner in which the coal is handled are such that

it is impossible to specify rigid rules describing the

exact manner of sample collection. Correct samp-
ling principles must be applied to conditions as
they are encountered.

the dustless connection and adjusted to give
a balanced pressure at the connection. The
sampling tip is inserted in the dustless con-
nection and the compressed air again adjusted
to maintain a balanced pressure and then the
fuel transport line is traversed holding the tip
facing the coal-air stream at predetermined
stations for equal periods of time. The aspira-

The iLrst principle of coal sampling for a
boiler tefst is to obtain the sample from a moving
stream. [The second principle is to obtain as
many indrements as is practical. The ASTM
increments listed under Section 5, Special
Purpose|Samplin g Procedure, should be con-
sidered the minimum accepted for fairly uniform
coal from one source.”’

5.3.2 S¢mples for Raw Coal Size Determination.
Samples|for the determination of size shall be
taken frpm the raw coal sample and deposited

able container in sufficient quantity
per incr¢ment to yield a gross sample for the
test as gpecified in ASTM Standard D 410,
Standard Method of Test for Screen Analysis of
Coal. THe screen analysis shall be made and
reported|in accogdance with this Standard.

in a sui

5.3.3 Sqmples for Grindability Determination.

le taken for the determination of raw
coal sizg distribution may also be used for the
determination of grindability. After making the
sieve tept the gross sample shall be reasseémbled
and redyced in accordance with ASTM Specifica-
tion D 492, Standard Methods of Sampling Coals
Accordigg to Ash Contents, so that-the final
sample ghall have a weight of about’25 pounds
after reducing the original quantity. The grind-
ability test shall be made 6nya portion of this
sample |n accordance withASTM Specification
D 409, Method of Test'for Grindability of Coal
by Hardgrove Machine’Method. The acceptance
of this grindability determination for lignite

rank of oals«isin question as of the time of
writing this“Code.

ting air on the cyclone collector may or may not
be used, depending on the static pressure in
the fuel transport line as discussed later!

Figure 5 shows detailed dimensions of the:
recommended sampling tip. The tip area’ is
13/16 in. x 3/8 in. or 0.305 sq. in., which is
the projected area of the tip fating the coal-
air stream.

Figure 6 shows the details of the cyclone
collector.

In sampling coal from a stream of coal and
air it is essential @that the velocity into the
sampling tip be'nearly the same as the veloc-
ity in the pipeVIf the velocity in the sampling
tube is much less, the full quota of coarse
particles’will be entrained, but some of the
fine particles that should be caught will
follow the air in passing around the tip. If
the velocity in the sampling tube is greater,
more than the proper number of fine particles
will be drawn into the sampling tip. To as-
certain whether a given sample is representa-
tive and meets the foregoing fineness re-
quirement, the fineness should be determined
and plotted on the Rosin and Rammler Probability
Chart (Fig. 8) as outlined (See Par. 5.4).

If the size distribution is incorrect, further ad-
justment to the sampler velocity is required.

A sample obtained in a given time should
be weighed and compared with the weight of
coal passing through the fuel transport line.
The weight of coal passing through the pipe
may be determined from the total coal to the
pulverizer as determined in Par. 5.1, divided by
number of pipes. The weight of coal passing
through the fuel transport line, multiplied by the
ratio of the cross-sectional area of the sampling

5.4 Pulverized Coal Sampling. Figure 4
shows the recommended arrangement for samp-
ling pulverized coal in a direct-fired system
using a dustless sampling connection with an
aspirator and a cyclone collector. In collecting
the sample the compressed air is tumed on to

* Material within quotation marks is from ASTM D 46'2-48,
Method of Sampling Coals.
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tip to that of the pipe, should be approximately
equal to the sample weight. For example, a pul-
verizer has an outout of 63,000 pounds of coal
per hour passing through six lines, each line
being 15-1/4 in. inside diameter, witha cross-sec
tional area of 182.65 sq. in. The standard
sampler has a tip opening of 13/16 in.x 3/8.
in., and area of 0.305 sq. in.
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