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FOREWORD 

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

After   discussion of this  problem by the   s tanding   Per formance   Tes t   Codes  
Committee,   the  scope of the  Performance  Test   Code  Committee No. 4 on  Station- 
ary  Steam-Generating  Units  was  expanded  to  cover  the  performance  characteris-  
t i c s  of equipment  such as  coal  pulverizers  and  other  fuel  burning  apparatus.  

A preliminary  draft  of  the Code PTC 4.1 was  distributed  for  comment  and 
cr i t ic ism in January, 1941. Notification of completion of this  code  appeared in 
the May, 1943, i s s u e  of Mechanical  Engineering.  At  the  December 3, 1943, meet- 
ing of the  standing  Committee  i t   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  i ts   Supplement ,   the   Test   Code  for   Coal   Pulver-  
izers ,  PTC 4.2. Later   these  instruct ions  were  extended  to   include a new  Supple- 
ment ,   the   Test   Code for  Air  Heaters, PTC 4.3. 

The   r ev i sed   Tes t   Code  for Coal Pulver izers  PTC 4.2 1969 was  approved by 
the  Performance  Test   Codes  Commit tee  on March 15, 1968. 

The  rev ised  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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A S M E  P E R F O R M A N C E  T E S T  C O D E S  

SECTION 0, INTRODUCTION 

0.1 This  Code on Coal  Pulverizers shall govern Values  (PTC 2) and  the Tes t  Code for  Steam Gen- 
the  preparations  for  tests,  the  taking of data,  and erating  Units  (PTC 4.1) should  be  followed where 
the  calculation of test  results.  General  instruc- applicable.  The  Supplements on Instruments  and 

tions for the  conduct of tes ts  are given in the  Code Apparatus  (PTC 19) shall  be used as a  guide  to 

on General  Instructions  (PTC I), which should be the  selection  and  use of test  equipment  not  speci- 

studied  carefully.  The  Code on Definitions  and fied in this  Code. 
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C O A L  P U L V E R I Z E R S  

SECTION 1, OBJECT AND SCOPE 

1.1 Obiect. The  purpose of t h i s   C o d e   i s  to 
establish  procedures  for  conducting  performance 
tes t s   to   de te rmine :  
1.1. I Capaci ty  
1.1.2 F i n e n e s s  of product 
1.1.3 Raw  coa l   feed  
1.1.3.1 Grindability 
1.1.3.2 Moisture 
1.1.3.3. Siz ing  
1.1.4 Power  Consumption 
1.1.5 E f f e c t  of changes  in  raw coal character is-  
t i c s  on  product  f ineness,   pulverizer  capacity,  
and  power  consumption. 
1.1.6 Effect  of  changes,   in  pulverizer  component 
s e t t i n g s  on  product  fineness,  pulverizer  capacity, 
and  power  consumption. 

1.2 Scope. This   Code  appl ies   to   the  pulver iz-  
ing   sys tem as a whole,  including  all  the  component 
pa r t s   necessa ry  to take  the raw coal ,   hot   a i r   and 
tempering  a i r   a t   the   system  inlet ,   and  del iver  
pulverized  coal  in  proper  mixture  with  air  and/or 
f lue gas at   the   desired  temperature   a t   the   out le t   of  
the   sys tem.   This   Code   appl ies   to   the   mos t  com- 
monly  used  systems. 

1.2.1 The  direct-f i red  system in which  pulverizers 
deliver  the  coal  directly  to  the  burner.   This  sys- 
tem  usually  comprises  the  following  equipment: 

Pulver izer   and  c lass i f ier  
F e e d e r  

Exhaus ter  or pulverizer  fan 
Air  inlet   and  tempering  air   connection, in- 

Discharge coal and   a i r   p ip ing ,   inc luding  

Motors  and/or  steam  drives 
Sources  of hot   a i r  or f lue gas 
Figures  1 and 2 il lustrate  the  arrangement 

of  these  components  in  pressure  and 
suct ion  systems  for   direct   f i r ing.  

cluding  control  damper 

va lves  

1.2.2 The  s torage  system  in   which the c o a l   i s  
pulver ized  and  s tored  in   bins  from  which  it i s  
fed  to  the  burners as needed.   This   system  usual ly  
comprises  the following  equipment: 

Pulver izer   and   c lass i f ie r  
Feeders ,   raw  coal   and  pulver ized  coal  
Exhaus ter  or pulverizer  fan 
Pulver izer   and  hot   f lue gas fan 
Coal   and   a i r   p ip ing   inc luding   ho t   a i r  

inlet   damper,   cold  air   damper,   and  vent 
damper 

Motors  and/or  steam  drives 
S o u r c e  of ho t   a i r  or flue gas 

Vent  cleaning  equipment,  which  may  be 
vent  cyclone,  concentrators or f i l t e rs  

Cyclone,   cyclone  a i r   lock 
Vent  fan 
Figure 3 i l lust ra tes   the  arrangement  of 

these  compunents  for a typical   s torage 
system. 
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A S M E   P E R F O R M A N C E  T E S T  C O D E S  

3l- 

PULVERIZER 
PULVERIZER  FAN 
\ AIR SEAL BLOWER 

b" 
"L".).JlrlLn 

t 

b 

TEMPERING-AIR DUCT 

SYMBOL 1 MEANING 
I BINGATE 

*. I a I RAW COAL FEEDER I 
'I 

HOT-AIR DUCT 1 
*SHOWS ALTERAATE  LOCATION 

* * A I R  FLOW  CfiLIBRATlON 

/ SHUT-Off VALVE 

CONTROL VALVE 

STEAM  AIR  HEATER 

PRESS. TEMP.  & AIR 

FIG.1 EQUIPMENT  ARRANGEMENT  DIRECT-FIRED PRESSURE TYPE 
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C O A L  P U L V E R I Z E R S  

OUTLET  PIPE 

OISTRIBUTOR  PIPE 

@- 

4 
\EXPLOSION-PROOF 

PULVERIZER 
h 

CLASSIFIER 

EXHAUSTER 

YMB 
BIN GATE 

wc: PULVERIZER REJECTS STEAM AIR HEATER 
SHUT-OFF VALVE 
CONTROL VALVE 

PRESS. TEMP. 6 AIR 
FLOW INST. CONN. 

f l  
/ 

DUCT 
*WWS ALTERNATE LOCATION 
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FIG. 2 EQUIPMENT  ARRANGEMENT  DIRECT-FIRED-SUCTION  TYPE 
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A S M E   P E R F O R M A N C E   T E S T   C O D E S  

MEANING 
AIR HLATER 

31157 TIGHT VALVES - 
INTERLOCKED 

WLVERIZED COAL FEEDER 
L 6AlE 

RAW COAL FEEDER 

RES. TEMP. AND AIR 
t o w  mn. cow. 

I PULVERIZER 1 

PULVERIZER 
REJECTS 

' HOT AIROR FLUE GAS 

FIG.  3 EQUIPMENT ARRANGEMENT STORAGE-TYPE-PRESSURE AND S U C T I O N  
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C O A L  P U L V E R I Z E R S  

SECTION 2, DEFINITIONS 

2.1 The  Code  on  Definit ions  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 specif ic   to   this   Code  are  as follows: 

2.1.1 Capacity. The  measured  output  of the  pul- 
ver izer  in pounds of coal  per  hour. 

2.1.2 Fineness. The  measured   par t icu la te   s ize  
distribution of pulverized  product as determined 
by s tandard  screens.  

2.1.3 Raw  Coal  Grindability. The  measured  char- 
ac te r i s t ic  of coa l   r ep resen t ing   i t s   r e l a t ive   ea se  of 
pulverization on an  arbitrary  scale. The larger 
values ,   such as 100 on  the  Hardgrove  grindability 
s ca l e   r ep resen t   coa l s   ea sy  to  pulverize,  and  the 
smaller   values ,   such as  40, represent  coals  dif-  
f icult   to  pulverize.  

2.1.4 Raw  Coal  Moisture. The  laboratory  deter- 
mination  of  moisture from samples  taken  during 
t e s t  run. 

2.1.5 Raw  Coal Sizing. The  measured s i z e  distri- 
bution dS determined  by  standard  screens  of 
samples   taken  during  tes t  run. 

2.1.6 Power  Consumption. The  measured  power 
input  of  the  drives  corrected  to  shaft  input. 

The  foregoing  performance  factors  are  inter- 
related. For example, as  product   f ineness   is  im- 
proved,   capaci ty   is   adversely  affected.  A s  the 
grindability  Hardgrove  number  increases in 
values  an  improvement  occurs  in  the  pulverizer 
capaci ty ,   and/or   f ineness .  

2.2 Defini t ions of terms  specific  to  this  Code 
and  used  in  describing  the  coal  pulverizing  systems 
are  as follows: 

2.2.01 Cyclone A i r  Lock. A device  used in a stor- 
age   sys t em  a t   t he  bottom of the  cyclone  which 
permits  the  pulverized  coal  to  discharge  but  pre- 
ve'iits  the  flow of air   and/or  f lue  gas.  

2.2.02 Vent  Cleaning  Equipment. An auxiliary 

separator  used in s torage  systems  to   separate   the 
coal   dust  from  the  vented  air  prior  to.discharge  of 
the  lat ter  to  the  atmosphere or s tack.  

2.2.03 Exhauster. A fan  connected to the  outlet  
of a pulverizer  and  used  to  augment  the  capabili-  
t ies   of   the   a i r   supply  source  in   conveying  coal  
from the  pulverizer. 

2-2-04.  Raw  Coal  Feeder. An apparatus  for  intro- 
ducing a controlled  supply of s i zed   coa l   t o  a 
pulverizer. 

2.2.05 Pulverized  Coal  Feeder. An apparatus  
for  delivering a controlled  supply  of  pulverized 
coal  to  the  primary  air  and/or  flue gas line  to 
the  coal  burning  equipment. 

2.2.06 Pulverizer Fan. A fan  used to supply  hot  
air   and/or  f lue gas to  the  pulverizer. 

2.2.07 Classifier. Device  which  re turns   oversize  
particles  for  further  pulverization. 

2.2.08 Pulverizer Air. The air   and/or   f lue  gas  
introduced  into  the  pulverizer  to  dry  the  coal  and 
convey  the  pulverized  coal  to  the  burners  in  Direct- 
Fired  Systems or to  the  cyclone  in  storage  systems. 

2.2.09 Recirculated Air. The a i r   rec i rcu la ted  from 
the  cyclone  outlet   to  the  pulverizer  inlet   in  stor- 
age  systems.  

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

2.2.11 Tempering Air. Air   a t  a low  temperature 
added  to a s t ream of preheated  air   and/or  f lue 
g a s  to  modify i ts   temperature  to a degree   sa t i s -  
factory  for   i ts   use  as  pulverizer  air. 

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

2.2.13 Vented  Air. The  a i r   and/or   f lue  gas  
vented from a storage  system.  It  may  be  all or 
only  part of the  pulverizer  air. 

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

2.2.15 Primary A i r  Fan. A fan  used  to  supply 
hot  air   and/or  f lue  gas  to  the fuel.  transport  line 
of a storage  system. 
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A S M E  P E R F O R M A N C E  T E S T  C O D E S  

SECTION 3, GUIDING PRINCIPLES 

3.1 Items on which  agreement  shall be 
reached pr ior   to   t es t   a re  

3.1.01 Objec t  of t e s t ,  

3.1.02 Number of t e s t s ,  
each test ,   and  provis ion 

as follows: 

duration,  capacity  for 
for   prel iminary  tes ts .  

3.1.03 Condit ions  for   re ject ion of a tes t   run .  

3.1.04 Instruments   to  be used,   cal ibrat ion of 
instruments,   methods of measurement  and  equip- 
ment   to .be used in tes t ing   the   un i t .  The Supple- 
ments   on   Ins t ruments   and   Appara tus   should  be 
used,   when  appl icable .  

3.1.05 The h a 1  to be used.  the  method of ob- 
ta in ing   coa l   samples   (See   Pars .  5.3 and 5.4) and 
the  laborator ies  to make   t he   ana lys i s .  

3.1.06 Method of grindability  determination. 

3.1.07 Limi ts  of variation  in  capacity  for  any  one 
t e s t .  

3.1.08 L i m i t s  of variation  in  moisture,  size,  and 
grindability of the  fuel  and  f ineness  of  product 
from a s tandard  or guaranteed  condi t ion.  

3.1.09 Curves  for   making  correct ions for moisture, 
s ize ,   gr indabi l i ty  of raw  coal ,   and  f ineness  of 
pulver ized  coal   to  be appl ied   to   the   capac i ty   and  
power  consumption  resul ts .  

3.1.10 Correction  for  .unavoidable  air   leakage. 

3.1.11 Method  that  will be u s e d  in  determining 
the  weight  of coal fed to  the  pulverizer,  

3.1.12 Phys ica l   condi t ion  of pulverizer,  and 
whether   par t s   rep lacement   a re   requi red .   Tes t ing  
of a pulver izer  as soon as poss ib le   a f te r   in i t ia l  
operation i s   advisable   bo th   for   checks  of guar- 
anteed  performance  and for es tab l i sh ing   s tand-  
a r d s  of performance  for “as  new”  conditions. 

3.2 Tolerances and Limits of Error. T h i s  
Code does   no t   inc lude   cons idera t ion  of over-all 

to le rances  or margins  on  performance  guarantees. 

The   t e s t   r e su l t s   sha l l   be   r epor t ed  as computed 
from test   observations  with  proper  corrections 
for  calibrations.  

3.3 Preparation for Test. Instal l   such  measur-  
ing  apparatus   and  instruments  as  may be required 
to   a t ta in   the   ob jec t ive  of the  tes t .  

3.3.1 The quantity of balls in a ball mil l   should 
be est imated by  carefully  leveling  the  charge  and 
measuring  the  level  from an  established  datum  point.  
The charge  can  then be found  from  the  curves  for 
the  particular  pulverizer  and  compared  with  the 
or iginal   weighed  charge  adjusted  for   make-up  and 
estimated  wear-rate. 

3.3.2 Coal of t he   ana lys i s   and   s i ze   d i s t r ibu t ion  
agreed to   by   the   par t ies   to   the   t es t   should  be 
supplied  to  the  raw  coal  bunker  serving  the  pul-  
ver izer   being  tes ted  and  in   suff ic ient   quant i ty   to  
insure  this   coal   being  in   the  pulver izer   during 
the  entire test. 

3.3.3 Pulver izer   a i r   and   gas   f lows   and   tempera-  
tu res  shall be s e t  as near  as poss ib le   to   s tandard  
or guaranteed  conditions.  

3.4 Starting  and  Stopping 

3.4.1 The capacity  immediately  prior  to  the  test  
shall be as close  to   the  proposed  tes t   ra te  as pos- 
s ible .   After   insuring  that   the   tes t   coal  has reached 
the  pulver izer ,   a t   least  30 minutes  of s table   opera-  
t ion   sha l l  be obta ined   before   the   t es t   i s   s ta r ted .  
The leve l  of the  coal  in  the  pulverizer  feeder  hop- 
per, as wel l  as in  the  pulverizer,  must be the same 
before  and  after  the  test .  

3.4.2 The  readings  of all   instruments,   particularly 
integrating  instruments, shall be recorded  a t   the  
s tar t ing  and  s topping  t ime.  

3.4.3 E a c h   t e s t  shall be run  with  all   predetermined 
conditions  maintained as near ly   cons tan t  as possible .  

3.5 Duration. Performance  tes ts  of pulver izers  
sha l l   e ach  be of a t   least   two  hours   durat ion.  

3.6 Instruments and Methods of Measurement. 
The necessary  instruments   and  procedures  for ob- 
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C O A L  P U L V E R I Z E R S  

taining  measurements   are   prescr ibed  herein  and 
should  be  used  in  conjunction  with  the  following 
Performance  Test   Codes  and  Supplements   on  In-  
struments  and  Apparatus  and ASTM publications. 
In all cases ,   ca re  shall be  exercised  to  refer  to 
the   l a tes t   rev is ion  of the  document  concerned. 

3.6.1 ASME Performance   Tes t  Codes and  Supple- 
ments  on Instruments  and  Apparatus: 

General   Instructions PTC 1 
Definit ions  and  Values PTC 2 
Solid  Fuel  PTC 3.2 
Steam  Generating  Units PTC 4.1 
Compressors   and  Exhausters  PTC 10 
F a n s  PTC 11 
Supplements  on  Instruments  and  Apparatus 

PTC 19 

Dust  Separating  Apparatus PTC 21 
Determining  Dust  Concentration  in a Gas Stream 

PTC 27 

3.6.2 ASTM Standard  Methods: 
Methods of Sampling  Coals,  D 492 
Moisture  Determination, D 271 
Method of Test for  Grindability of Coal  by 

Hardgrove  Machine  Method, D 409 
Method of Sampling  and  Fineness   Test   of   Pow- 

dered  Coal ,  D 197 
Specification  for  Classification of Coal  by 

Rank, D 388 
Method of Test   for   Screen  Analysis  of Coal ,  

D 410 
ASTM Specification E-11 Standard  Specifica- 

t ions   for   S ieves   for   Tes t ing   Purposes  
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A S M E  P E R F O R M A N C E  T E S . T  C O D E S  

SECTION 4, DATA REQUIRED, INSTRUMENTS AND APPARATUS 

4.1 Data Required. The fo l lowing   da ta   a re  
required  in  order  to  determine the performance of 
the coal  pulverizing  system. 

4.1.01 Weight of coal  fed to  pulverizer. 

4-1-02 Size  distribution of coal   to   pulver izer .  

4.1.03 Coal level   in   pulver izer   and  feeder  
hopper at beginning  and  end of tes t .  

4.1.04 Surface  and  total   moisture  in  coal fed 
to  pulverizer. 

4.1.05 Moisture  in  pulverized  coal. 

4.1.06 Grindability of coal  fed to  pulverizer. 

4.1.07 F i n e n e s s  of pulverizer  product. 

4.1.08 Temperature  and  humidity of room air. 

4.1.09 Temperature  of  preheated  air   and/or 
f lue gas suppl ied  for   drying  and  conveying  coal  
in the pulverizer. 

4.1.10 Temperature  of tempering  air. 

4.1.11 Temperature of air   and/or  f lue gas 
mixture  efitering  the  pulverizer. 

4.1.12 Temperature of coa l  fed to   pulver izer .  

4.1.13 Temperature of mixture of pulver ized 
coal  with  air   and/or  f lue gas leaving  pulver izer .  

4.1.14 P r e s s u r e  of air   and/or  f lue gas enter ing 
and  leaving  each  major  component of the  system 
such  as pulver izer ,   fans ,   cyclones,   dust   col-  
lectors ,  etc. 

4.1.15 Quantity of total   pulverizer  air ,   hot  air ,  
or gas  and  tempering  a i r   including  leakage;  
also of the  re turn  and  vented  a i r   in   s torage 
sys tems.  

4.1.16 Vent   loss   (s torage  system).  

4.1.17 Power  to  drive  pulverizer,   fans,   feeder,  
(cyclone  a i r   lock  in   s torage  systems) .  

4.2 Instruments and  Apparatus. The instru- 
ments   and  apparatus   required  for   pulver izer  
tes t s   a re :  

4.2.01 Scales   for   weighing  coal  - Individual 
automatic   scales   included  in   the  pulver iz ing 
system  may be used for  weighing  fuel  before 
delivery  to  the feed hopper.   Automatic  scales 
shall be calibrated  for  accuracy  and  reliabil i ty 
and  balanced  af ter   each dump. 

4.2.02 Calibrated  coal   feeders  - Where the 
degree of accuracy  is   adequate   for   the  purpose 
of the  tes t ,   cal ibrated  coal   feeders   may be used  
to  determine  the  coal  weight.  

4.2.03 Round-hole  screens - For   s i z ing   coa l  
to   the  pulver izer   the  screen  to   be  used shall 
cbmply w'ith the   Tes t   Code   for   Sol id   Fue ls ,  PTC 3.2.  

4.2.04 Airtight  containers  for  raw  coal  and  pul-  
verized  coal  samples-Containers  for  individual 
coal  samples  for  moisture  determination shall  be non- 
corrosive,  nonabsorbent  and  air-tight.  Other  samples 
such  as for  feed  size  and  grindabili ty  determination 
may be placed  in  large  clean  drums or bins   with 
covers  to  prevent  accidental   contamination. 

4.2.05 Pulverized  coal   sampling  equipment  - 
Sieves  for   determining  f ineness  of pulverized 
fuel  should be 50, 100, 200 mesh U.S. s tandard 
sizes.  Sampling  equipment  and  arrangement  are 
de ta i led  iti Par. 5.4. All   s ieves   shal l   comply 
with  the  Test   Code  for  Solid  Fuels,  PTC 3.2.  

4.2.06 Means  for  determining  air  temperatures 
and  humidi t ies  - Calibrated  thermometers or 
calibrated  thermocouples  with  potentiometer 

shall be used  for measuring  temperatures.  Humidi- 
t i e s  shall be determined  with a psychrometer. 

4.2.07 Means  for  measuring  air   pressure - U-tubes 
or inc l ined   gages  for determining  pressure  shal l  be 
fi l led  with  water or a liquid of known  specific 
gravity. 

4.2.08 Means  for  measuring  air   quantit ies - Air 
flows  may be measured by cal ibrated  pi tot   tubes  or 
flow  meters.   (see  Par.  5.5) 
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C O A L  P U L V E R I Z E R S  

42.09 Sampling  equipment for determining  dust Determination of power from a steam  turbine re- 
loading in vented  air - For storage  systems,  vent quires  the  use of steam  flowmeters, and pressure 
losses  shall  be measured, s ee  Par. 5.6. and  temperature  measuring  devices  (see  Par. 5.2). 

Directions  regarding  the  characteristics,  use, 
4.2.10 Instruments for determining  power  input  to  and  calibration of most of this  apparatus are given 
motor or turbine  drives - Electric power may be in the ASME Performance Test  Codes  Supplement 
measured by calibrated  wattmeters or watthour on Instruments  and  Apparatus  (PTC 19). 
meters. 
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A S M E  P E R F O R M A N C E  T E S T  C O D E S  

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

regular  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 4.2.0 2. Where automatic  coal 
s ca l e s  or calibrated  feeders  are  used,  the  actual 
number 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 
be determined from readings of calibrated  indicat- 
ing,  integrating, or recording  wattme‘ters  over  the 
period  included  between  the  starting and stopping 
time of each  test. 

5.2.2 Procedures  for obtaining  power  measurements  
are as set forth in thesupplement on Instruments 
and  Apparatus,  Electric  Measurements  in  Power  Cir- 
cuits, PTC 19.6. Calculations of brake  horse- 
power  output  shall be based on motor efficiency 
curves  for  the  particular motor. Where extreme  ac- 
curacy of brake  horsepower  output of fan or pulverizer 
drive  motors i s  required,  then  the  test  procedure as 
s e t  forth in ASA Code C 50-20, Test  Code  for 
Polyphase  Induction  Motors  and  Generators, shall 
be used. 

5.2.3 In the  case of a steam  turbine,  the  formula 
for obtaining  shaft power is: 

Hourly  steam flow x  (Enthalpy 
of inlet  steam-Isentropic  en- 

Brake horsepower = thalpy  of  exhaust  steam) x 
Over-all  turbine  efficiency 
- 

Where 
2545 

Steam flow i s  the  metered flow  in pounds  per hour. 

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

Isentropic  enthalpy of exhaust  steam  is  the 
enthalpy-at  exhaust  pressure  and  initial 

entropy. 
Overal l   eff ic iency  is   to  be obtained from cali- 

brated  performance  curves  for  the  particular 
steam  turbine. 

2545 i s   t he  number of Btu  per  horsepower hour. 

A s  an  alternative  to  the  above,  the  parties  to  the 
test may agkee upon the  necessary  methods of 
measurements,  which shall be  fully  described  in 
the  test  report. 

5.3 Raw Coal  Sompling 

5.3.1 S a m p l e s  for Moisture  Determination. A rep- 
resentative  sample of raw coal shall be taken  every 
15 minutes and shall  be obtained in accordance 
with  the  Test  Code for Solid  Fuels, PTC 3.2. 
However, special  sample  for  moisture  determina- 
tion shall be  separated from the  general  sample, 
quickly  placed in a  noncorrosive,  non-absorbent, 
air-tight  container and sealed  immediately.  This 
sample  for  moisture shall not be quartered or 
crushed  prior  to  moisture  determination  in  the 

laboratory.  Every  effort  shall  be  made  to  avoid 
loss  of moisture  due  to  strong  drafts  at  the  point 
of sampling  (such as may occur at a pulverizer 
feeder for example).  The  moisture of each 
individual  sample shall be determined  sep- 
ar&ely in two steps  including  the  determination 
of the  air  drying loss of the  whole  sample and 
its  container and the  determination of totaI 
moisture,  calculated as specified in ASTM 
Standard D 271. The  moisture  used for re- 
sul ts   shal l  be the average of the  moisture con- 
teht of all the  respective  samples.  The  amount 
of drying  produced in the  pulverizing  system 
i s  the  difference  between  the  moisture in the 
raw coal  and in the  pulverized  coal. A s  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 u d e r  which  coal  must be sampled, 
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C O A L  P U L V E R I Z E R S  

and the nature of the  material   being  sampled, 
i t   i s   e s s e n t i a l   t h a t   t h e   s a m p l e s  be col lected by 
a trained  and  experienced  sampler.  Variations  in the 
manner  in  which  the coal i s   hand led   a r e   such   t ha t  
i t   i s   imposs ib le   to   spec i fy   r ig id   ru les   descr ib ing   the  
exact   manner  of sample  collection.  Correct  samp- 
l ing  pr inciples   must  be applied to condi t ions as 
they  are  encountered. 

The first   principle of coal   sampling for a 
bo i l e r   t e s t   i s   t o   ob ta in  the sample from a moving 
stream. The second  pr inciple   is   to   obtain as 
many  increments as i s   p rac t ica l .  The ASTM 
increments  l isted  under  Section 5, Spec ia l  
Purpose  Samplin g Procedure,   should be con- 
sidered  the  minimum  accepted for fairly  uniform 
coa l  from  one  source.” 

5.3.2 Samples for Raw Coal Size  Determination. 
Samples  for  the  determination of s i z e  shall be 
taken  from  the  raw  coal  sample  and  deposited 
in a suitable  container  in  sufficient  quantity 
per   increment   to   yield a gross sample  for   the 
t e s t  as specif ied  in  ASTM Standard D 410, 
Standard  Method of Tes t   for   Screen   Analys is  of 
Coal. The sc reen   ana lys i s  shall be made  and 
reported  in  accoqdance  with  this  Standard. 

5.3.3 Samples for Grindability  Determination. 
The  sample  taken  for  the  determination of raw 
coal   s ize   dis t r ibut ion  may  a lso be used  for the 
determination  of  grindability.  After  making  the 
s i e v e   t e s t   t h e  gross sample   sha l l  be reassembled 
and  reduced  in  accordance  with ASTM specif ica-  
tion D 492, Standard  Methods of Sampling  Coals  
According  to  Ash  Contents,  so  that  the  f inal  
sample shall have  a weight of about  25 pounds 
after  reducing  the  original  quantity.  The grind- 
ab i l i t y   t e s t  shall be made  on a portion of t h i s  
sample  in  accordance  with ASTM Specification 
D 409, Method  of Test   for   Grindabi l i ty  of Coal  
by  Hardgrove  Machine  Method.  The  acceptance 
of  this  grindability  determination  for  lignite 
rank of coa l s   i s   i n   ques t ion  as of the  time of 
writing  this  Code. 

5.4 Pulverized Coal Sampling. Figure 4 
shows  the  recommended  arrangement  for  samp- 
ling  pulverized  coal  in a direct-fired  system 
us ing  a dust less   samTling  connect ion  with  an 
aspirator   and a cyclone  collector.  In col lect ing 
the  sample  the  compressed  a i r   i s   turned  on  to  

Method  of  Sampling  Coals.  
* Material  within  quotation  marks is from  ASTM D 45\2-48, 

the   dus t less   connec t ion   and   ad jus ted  to give 
a balanced  pressure at the connection. The 
sampl ing   t ip   i s   inser ted   in  the d u s t l e s s  con- 
neccon  and   the   compressed   a i r  again adjusted 
to maintain a balanced  pressure  and  then  the 
fuel   t ransport   l ine   is   t raversed  holding  the  t ip  
facing the coal-air   stream  at   predetermined 
s ta t ions   for   equa l   per iods  of time. The aspira-  
t ing  air   on  the  cyclone  collector  may or may  not 
be used,   depending  on the s ta t ic   p ressure   in  
the  fuel  transport   l ine as d i s c u s s e d  later. 

Figure 5 shows  de ta i led   d imens ions  of the 
recommended  sampling  tip. The t i p   a r e a   i s  
13/16 in. x 3/8 in. or 0.305 sq. in., which   i s  
the projected  area of the t ip   facing the coal- 
a i r   s t ream. 

Figure 6 shows   t he   de t a i l s  of the  cyclone 

In  sampling  coal  from a stream of coal   and 
a i r   i t   i s   e s s e n t i a l   t h a t  the velocity  into  the 
sampling  t ip  be near ly   the  same as the veloc- 
ity  in  the  pipe. If the  velocity  in  the  sampling 
t u b e   i s  much less, the full  quota of coarse  
par t ic les   wi l l  be entrained,  but  some of the 
f ine  par t ic les   that   should be caught   wil l  
follow  the  air  in  passing  around  the  tip. If 
the  veloci ty   in   the  sampling  tube  is   greater ,  
more  than the proper  number of f ine  par t ic les  
wil l  be drawn  into  the  sampling  t ip.   To as- 
certain  whether a given  sample  is   representa-  
t ive  and  meets  the  foregoing  f ineness re- 
quirement,   the  f ineness  should be determined 
and  plotted on the Rosin  and  Rammler  Probabili ty 
Chart   (Fig.  8) as outlined  (See  Par. 5.4). 
If the  size  distribution  is   incorrect,   further ad- 
justment  to the sampler   veloci ty   is   required.  

A sample  obtained  in a given  time  should 
be weighed  and  compared  with the weight of 
coal   passing  through  the  fuel   t ransport   l ine .  
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 coa l   pas s ing  
through  the  fuel  transport  line,  multiplied  by  the 
rat io  of the  cross-sect ional   area of the sampling 
t ip   to   that  of the  pipe,  should be approximately 
equal  to  the  sample  weight.   For  example,  a pul- 
ver izer  has an  outout of 63,000 pounds  of  coal 
per   hour   passing  through  s ix   l ines ,   each  l ine 
being 1.5-1/4 in. inside  diameter,   with a cross -sec  
t ional  area of 182.65 sq.  in.  The  standard 
sample r   has  a t ip  opening of 13/16 i n .  x 3/8. 
in., and   a rea  of 0.305 sq. in. 

collector. 
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A S M E   P E R F O R M A N C E   T E S T   C O D E S  

FIG. 4 ARRANGEMENT  FOR  SAMPLING  PULVERIZED  COAL 

13' , I "  
INDICATOR 

;L 

. .  
STD.  BRASS P I P E  BRASS PIPE  COUPLING 

SI LVER  SOLDER 

FtG. 5 DETAIL  OF  SAMPLING T IP  
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C O A L  P U L V E R I Z E R S  

FIG. 6 DETAIL OF CYCLONE  COLLECTOR 
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A S M E   P E R F O R M A N C E   T E S T   C O D E S  

- 2  ZONES 
5" L 5" P I P I  

3 ZONES 
6" dr 7" P I P E  

. v7.v 1 v7.9 

4 ZONES 
8" dr 9" P I P E  

5 ZONES 
IO" a I I "  PIPE 

FIG. 7 SAMPLING  DIRECT-FIRED  PULVERIZED  COAL-SAMPLING  STATIONS 
DIMENSIONS  ARE "PERCENT OF PIPE DIA." 
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