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INTRODUCTION 

Stationary source sampling was performed on July 18-19, 

1979 at Chatham Brick nd Tile Company, Sanford, North Carolin 

to determine the particulate emissions from kiln # 2  which 

is exhausted by two stacks - the waste heat stack and the 

dryer stack. Three sets of tests at each site were performed 

simultaneously. 

Immediately following is the "Summary of Results" section, 

presenting a summary for all the tests. Detailed results of 

the six particulate tests appear in Appendix A. 

A description o f  the process, including an air flow 

schematic, is given in the "Process Description and Operation" 

section. 

The last section, "Sampling and Analytical Procedures," 

briefly describes the sampling strategy used. For a detailed 

description o f  the equipment and procedures, see Appendix D. 

Calibration data is given in Appendix E. 
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SUMMARY OF RESULTS 

Presented in Table 1 below are the emission rates as' 

determined by the six particulate emission tests performed 

on the waste heat and dryer exhaust stacks. 

Simultaneous 
Tests Wa - 

1 6 4  

2 6 5  

3 6 6  

Average 

TABLE 1 
PARTICULATE EMISSIONS 

pounds per hour 

te Heat Stack Dryer Exh 

1.35 0.81 

1.12 0.38 

1.80 0.49, 

1.42 0.56 

USt - . Total 

2.16 

1.50 

2.29 

1.98 

According to North Carolina Regulation 2D.0515, the 

maximum allowable emission rate is 13.2 pounds per hour. 

This is based on a process rate of 5.75 tons per hour and 

includes an estimate of the sawdust being burned. Determination 

of the process rate is given in the "Process Description and 

Operation" section. 

Tables 2 and 3 on the following pages give the individual 

test summaries for the tests performed at the waste heat stack 

and the dryer exhaust. 
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TABLE 2 

PARTICULATE TESTS SUMMARY OF RESULTS 

Waste Heat Stack 

RUN NUMBER 1 2 3 

DATE 7/ 18/7'9 7/18/79 7/19/79 

STACK TEMPERATURE. DEG. F 341. 344. 323. 

STACK FLOW RATE 
SCFM* DRY 

STACK FLOW RATE 
ACFM, WET 

VOLUME OF GAS SAMPLED 
SCF* DRY 

PERCENT ISOKINETIC 

12037. 11558. 12328. 

196.77. 19577. 19522. 

50. 91 49.53 52.34 

102.3 101.3 102.6 i 
PARTICULATES, EPA METHOD 5: 

43.2 35.4 57.8 

GRArris PER DSCF~ .0131 .0110 -0170 

POUNDS PER HOUR 1.35 1.12 1.30 

* 65 DEG F, 29.92 IN. HG 

3 



t 

TABLE 3 

PARTICULATE TESTS SUMMARY DF RESULTS 

Dryer Outlet Stack 

RUN NUMBER 4 

DATE 7/18/79 

STACK TEMPERATURE, DEG- F 124. 

STACK FLOW RATE 16272. 
SCFM9 DRY 

STACK FLOW RATE 18917. 
ACFM, LJET 

VOLUME OF GAS SAMPLED 
SCF* DRY 

50.79 

PERCENT ISOKINETIC 93.8 

PARTICULATES, EPA METHOD 5 :  

MILLIGRAMS - CATCH 19. 1 

GRAINS PER DSCF* .005E: 

POUNDS PER HOUR -81 

9 68 DEG F, 29.92 IN. HG 

4 

5 

7/18/79 

124. 

14877. 

17596. 

49.21 

99.4 

9.6 

.0030 

'. 3s 

6 

7/ 19/79 

116. 

15246. 

17527. 

49.00 

96.5 

12.0 

. 0038 

.49 



PROCESS DESCRIPTION AND OPERATION 

Chatham B r i c k  and  T i l e  Company i n  Sanford ,  North C a r o l i n a  

manufactures b r i c k s ,  which invo lves  t h e  s c r e e n i n g  and b lending  

o f  t h e  raw materials and t h e  d ry ing  and f i r i n g  o f  t h e  f i n a l ,  

shaped p roduc t .  The b r i c k s  t r a v e l  through a t u n n e l  c o n s i s t i n g  

of t h r e e  zones - b r i c k  d r y e r ,  f i r i n g  zone, and c o o l i n g  zone. 

The b r i c k s  a re  p l a c e d  on cars which t r a v e l  on r a i l s  through 

t h e  k i l n .  When t h e  car e n t e r s  and l e a v e s  t h e  t u n n e l ,  ambient 

a i r  i s  allowed t o  e n t e r  u n c o n t r o l l e d .  The d r y e r  exhaus t  

s t ack  i s  l o c a t e d  a t  t h e  beginning  o f  t h e  t u n n e l .  

The c a r  e n t e r s  t h e  b r i c k  d r y e r  where excess water i s  

evapora ted  o f f .  Hot a i r  used  t o  d r y  t h e  b r i c k  is s u p p l i e d  by 

t h e  f i r i n g  zone o f  t h e  t u n n e l .  The f i r i n g  zone i s  l o c a t e d  

n e a r  t h e  middle o f  t h e  k i l n .  N a t u r a l  g a s  and sawdust a r e  

used t o  h e a t  t h e  f i r i n g  zone. A s  shown i n  F i g u r e  1, ambient  

a i r  i s  used t o  c o o l  t h e  b r i c k s .  The beg inn ing  o f  t h e  f i r i n g  

zone i s  exhaus ted  by a f a n .  

P o t e n t i a l  e m i s s i o n s  from t h e  k i l n  c o n s i s t  ma in ly  of  

p a r t i c u l a t e  m a t t e r  i n  t h e  form of d u s t  g e n e r a t e d  by t h e  

hand l ing  of t h e  b r i c k s ,  and of combustion p r o d u c t s  from t h e  . 

sawdust.  No p o l l u t i o n  c o n t r o l  equipment i s  p r e s e n t l y  i n  u s e .  
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During t h e  t e s t i n g  performed a t  t h e  two s t a c k s ,  2 2 6 3  

b r i c k s  p e r  hour were be ing  f i r e d  i n  t h e  k i l n .  Wi th  an 

average b r i c k  weight of 4 . 6  pounds,  t h i s  conve r t s  t o  a 

p rocess  r a t e  o f d - 2  t o  ns of  b r i c k  D e r  hour .  When t h e  

e s t i m a t e d  sawdust usage r a t e  of  0 . 5 5  t o n s  p e r  hour i s  added,  

t h e  t o t a l  p r o c e s s  r a t e  i s  5 . 7 5  t o n s  p e r  hour .  

- ~ 
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SAMPLING AND ANALYTICAL PROCEDURES 

All sampling and analytical procedures used were those 

recommended by the United States Environmental Protection 

Agency and the North Carolina Department of Natural Resources 

and Community Development: Complete details of the equipment 

and procedures used are described in Appendix D, which is 

extracted from the Federal Register, August 18, 1977. 

Method 1 was used to determine the number and location 

of the sampling points. A stack extension was added to both 

stacks. The waste heat stack cross section was divided 

into 40 equal areas with eight points on each of five traverse 

axes, as'shown in Figure 2. The centroid of each area was 

sampled for two minutes, resulting in 80 minute tests. The 

dryer exhaust stack was divided into 36 equal areas, with 

nine points on each of four traverse axes, as shown in Figure 3 

The points were sampled for two minutes each, for a total 

testing time of 7 2  minutes for each run. 

Velocity measurements were in accordance with Method 2. 

Molecular weights for the stack gases were determined by 

Method 3 procedures. Particulate emissions were found using 

Method 5 analytical and sampling procedures. 

All sampling equipment used was manufactured by Nutech 

Corporation o r  Entropy Environmentalists, Inc. 

.- 8 
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FIGURE 2 .  WASTE HEAT STACK DIMENSIONS AND SAVPLIXG POINT LOCATIOX 
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FIGURE 3. DRYER EXHAUST STACK DIMENSION AND SAMPLE POINT LOCATION 



APPENDICES 

i 



./ .> 

APPENDIX A 



APPENDIX A- 1 



AFPENDIX A 

(COMPUTER PRINTED) 

PARTICULATE TESTS RESULTS 

WITH EXAMPLE CALCULaTIONS 



., 

EXAMPLE PARTICULATE CALCULATIONS TEST NO. 1 

Waste Heat Stack 

VOLUME OF .WATER VAPOR AT STANDARD COMDITIONS 

VWV = .04707 9 VW 

VWV = .04707 9 77.0 = 3.624 SCF 

PERCENT MOISTURE IN STaCI: GAS 

MOLE FRACTION OF DRY STACK GAS 

MD = (10O.-PMV)/100. 

100.- 6.6 

100. 
.934 MU = ----_-_-_--_ E 

AVERAGE MOLECULAR WEIGHT OF DRY STACK GAS 

MWD = (PCO2 % .44)+(PO2 9 .32)+(PN2+PCO) it -28 

MWD = ( 1.8%0.44~+~18.7%0.32~+~~79.5+0.~~~0.~8~ 29.04 LB/LB MOLE 

MOLECULAR WEIGHT OF STACK GAS 

MW = MWD 9 MD + 18 9 (1-MD) 

MW = 29.04 9 .934 + 18 it (1- .934) = 28.30 LB/LB MOLE 



./ 

STACK GAS VELOCITY AT STACK CONDITIONS 

VS = 85.49 * CP * SQRTC(DPS * (TS+46O))/(PS 0 MW)J 

VS = 85.49 9 .84 * SORT[( .528 * 801.)/(29.76 9 28.30)l = 50.9 FPS 

STACK GAS VOLUMETRIC FLOW AT STACK CONDITIONS 

OA = VS * AS 9 60 / 144 
QA = 50.99 928. * 60 / 144 = 19677. ACFM 

STACK GAS VOLUMETRIC FLOW AT STANDARD CONDITIONS 

QS = (17.64 * QA 9 PS * MD) / (TS+460) 

17.64 3 19677. * 29.7b 9 -934 
12037. SCFM QS = ---___--_____----__------------ 5 

801.0 

PARTICULATE LOADING -- EPA METHOD 5 
(AT STANDARD CONDITIONS) 

CAN = 0.01543 9 FMF/VMSTD 

CAN = 0.01543 * ( 43.21 50.91) = ,0131 GR/DSCF 

L 

PARTICULATE LBS/HR--EPA METHOD 5 

CAW = 0.00857 9 CAN 9 QS 

CAW = 0.00857 9 .0131* 12037. = 1.35 LRS/HR 
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PARTICLILATE FIELD EiATA & RESULTS TABULATION 

PLANT: Chatham Brick & T i l e  Company. Sanford. N. C. 

TEST TEAM LEADER: F r a n k  J. P h o e n i x  

TEST 1 Waste Heat Stack 

TEST 2 Waste Heat Stack 

TEST 3 Waste Heat Stack 

RUN NLIMBER ---------- 1 - 

TEST DATE 

TB 
TF . 

TT 

FNP 

DN 

CP 

Y 

PM 

VM 

TM 

- VMSTD 

VW 

vwv 

PMV 

MD 

PCO2 

Po2 

TIME-START 
TIME-FINISH 

NET TIME OF TESTTWIN. 

NET SAMPLING POINTS . ' 

SAMPLING NOZZLE DIA.,  IN. 

PITOT TUBE C:CfEFFICI.ENT 

DRY GAS METER CAL. FACTOR 

AVERAGE ORIFICE PRESSURE 
DROP, IN.  H20 

VOLUME OF DRY GAS SAMPLED 
CU. FT. AT METER CONDITIONS 

AVERAGE GAS METER TEMP. 
DEGREES F 

VOLUME OF DRY GAS SAMPLED 
AT STAFJDARD CONDITIONS*. SCF 

TOTAL H20 COLLECTED I N  
IMPINGERS & S I L I C A  GEL. ML. 

VOLCIME OF WATER VAPOR 
AT STANDARD CONKlITIONS*. SCF 

PERCENT MOISTURE n Y  VOL. 

MOLE FRACTION DRY GAS 

PERCENT CO2 BY VOL.,DRY 

PERCENT 02 B Y  VOL.,DRY 

~. 

7/18/79 

920 
1048 

80.0 

40. 

.247 

.84 

1.006 

1.52 

53.956 

102. 

50. 910 ' 

77.0 

3.62 

6. 6 

.934 

1.8 

18.7 

2 - 

7/18/79 

1115 
1312 

80.0 

40. 

.247 

,84 

1.006 

1.51 

53.446 

109. 

49.826 

79.5 

3.74 

7.0 

.930 

1.8 

18.7 

3 - 

7/19/79 

1023 
1240 

80.0 

40. 

.247 

- 8 4  

1.006 

1.54 

54.259 

94. 

52.338 

77.5 

3.65 

6.5 

.935 

1.8 

1s. 7 



PCO 

PN2 

MWD 

MW 

PB 

PSI 

rs 
TS 

DPS 

vs 
AS 

QS 

QA 

@ PER1 

PERCENT CO BY VOL.,DRY 

PERCENT N2 BY VOL..DRY 

MOLECULAR UT-DRY STACK GAS 

MOLECULAR WT-STACK GAS 

BAROMETRIC PRESSURE-IN. HG. 

STATIC PRES O F  STACK GAS 
IN. H2O 

STACK PRES,ABS., IN. HG. 

AVERAGE STACK TEMP. BEG. F 

AVERAGE VELOCITY HEAD OF 
STACK GAS-IN. HZO 

AVE STACK GAS VELOCITY. FPS 

STACK AREA, SQUARE INCHES 

STACK FLOW RATE, DRY SCFM* 

ACTUAL STACK FLOW RATE, ACFM 

PERCENT ISOKINETIC 

PARTICULATES, EPA METHOD 5: 

0.0 

79.5 

29.04 

23.30 

29.77 

-. 2 

29.76 

341. 

.525 

50.9 

923. 

12037. 

19677. 

102.3 

0.0 

79.5 

29.04 

23.27 

2Y. 77 

-.2 

29.76 

344. 

.520 

50.6 

92s * 

11883. 

19577. 

101.3 

0.0 

79.5 

29.04 

2s. 32 

30.00 

-. 2 
29.99 

3-,-, 
4L4. 

-536 

50.5 

928. 

12328. 

19522. 

102.A 

FMF 

CAN 

CAW 

MILLIGRAMS - CATCH 
GRAINS PER DSCFQ 

POUNDS PER HOUR 

43.2 

.0131 

1.35 

35. 4 57.8 

.0110 . 0170 
1.12 1.80 

Q 68 DEG F. 29.92 IN. HG 

.. 
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PARTICLILATE FIELD DATA % RESLILTS TABULATION 

PLANT: Chatham Brick & Tile Cornpans. Sanford. N. C. 

TEST TEAM LEADER: Chris M. Wrenn 

TEST 4 D r y e r  Outlet Stack 

TEST 5 Dryer Outlet Stack 

TEST 6 tlryer Outlet Stack 

RUN NUMBER 

TEST DATE 

TB 
TF 

TT’ 

FNP 

DN 

CP 1 

VM 

TM 

VMSTD 

VIJ 

vwv 

PMV 

PO2 

TIME-START 
TIME-FINISH 

NET TIME OF TEST-MIN- 

NET SAMPLING POINTS 

SAMPLING NOZZLE DrA.. IN. 

PITOT TUBE COEFFICIENT 

DRY GAS METER CaL. FACTOR 

AVERAGE ORIFICE PRESSURE 
DROP. IN. H20 

VOLUME OF DRY GAS SAMPLED 
CLI. FT. AT METER CONDITIONS 

AVERAGE GAS METER TEMP. 
DEGREES F 

VOLUME OF DRY GAS SAMPLED 
AT STANDARD CONDITIONS*. SCF 

TOTAL HZO COLLECTED IN 
IMPINGERS % SILICA GEL, ML. 

VOLUME OF WATER VAPOR 
AT STANDARD CONDITIONS** SCF 

PERCENT MOISTURE BY VOL. 

MOLE FRACTION DRY GAS 

PERCENT GO2 BY VOL.,DRY 

PERCENT 02 BY VOL.vDRY 

4 - 

7/18/79 

920 
1043 

72.0 

3h. 

.252 

.84 

1.000 

1.79 

53.444 

95. 

50.792 

49.5 

2.33 

4.4 

.956 

1.8 

13. 7 

5 - 

7/18/79 

1119 
1257 

72.0 

36. 

.252 

.84 

1.000 

2.31 

52.036 

99. 

49.210 

17.0 

3.15 

6. 0 

.940 

1.8 

18.7 

7/19/79 

1134 
1254 

72.0 

36. 

-252 

.84 

1.000 

1.74 

50. e00 

91. 

48.993 

59.0 

2.78 

5.4 

.946 

1.8 

18.7 

, 
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PCO 

PN2 

MWD 

MW 

PB 

P S I  

PS 

TS 

DPS 

vs 

AS 

QS 

,QA 

PER I 

FMF 

CAN 

CAW 

PERCENT GO BY VOL. ,DRY 

PERCENT N2 BY VOL..DRY 

MOLECULAR WT-DRY STACK GAS 

MOLECULAR WT-STACK GAS 

BAROMETRIC PRESSURE,IN. HG. 

STATIC PRES O F  STACK GAS 
IN. H 2 0  

STACK PRESvABS.7 IN. HG- 

AVERAGE STACK TEMP. DEG. F 

AVERAGE VELOCITY HEAD OF 
STCtCK GAS-IN. H 2 0  

AVE STACK GAS VELOCITY. FPS 

STACK AREA, SQLIARE INCHES 

STACK FLOW RATE, DRY SCFM* 

ACTUAL STACK FLOW RATE. ACFM 

PERCENT ISOKINETIC 

PARTICULATES, EPA METHOD 5: ........................... 
MILLIGRAMS - CATCH 

GRAINS PER DSCF* 

POUNDS PER HOUR 

* 65 DEG F. 29.92 IN. HG 

0.0 

79.5 

29. 04 

28.55 

29.77 

.2 

29.7s 

124. 

.499 

42.0 

1 050. 

16272. 

19917. 

93.8 

19.1 

.005s 

. 81 

0.0 

79.5 

29.04 

28.37 

29.77 

.2 

29.78 

124. 

.429 

39.1 

1050. 

14877. 

17596. 

99.4 

9.6 

.0030 

.38 

0.0 

79.5 

29.04 

28.44 

30.00 

.2 

30.01 

116. 

.436 

38.9 

1 OS0 - 
15246. 

17527. 

96.5 

12.0 

.0038 

-49 
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I 
I 

P l a n t  Name&f-&A BR\C.lc 4 TILE co . 
I I 

Samgling L o c a t i o n _ b t k  * A  7- . 1y)s-#L 

c 
Ru 

18.7 
Avg . Avg . 

Run and/or  Sample N O .  Leak T e s t ?  Date Opera t o r  



., 

PRELIMINARY FIELD DATA 

Po in t  % of Distance ' 
Diameter from ins ide  

wa l l  

\ ylb z 

3 'Jl' IO 

-L 3 /IC 6 

Sketch o f  stack cross sect ion 
showing sampling ports. 

Distance 
from Out- 
side o f  p o r t  

I r 

I 

Sketch o f  stack dimensions and 

Stack Geometry 

Plant  N a m e i r h l T w d  B R l d  f#- 7-1t-C 

Plant  Location S4r~ FU2P A L .  

Sampling Location N h s 1 ~ 5  f-k a7 S s h K  

Date(s) 7 / 1 7  - (9 I 1 q  
A. Dis t .  from inside o f  f a r  wal l  t o  outside of 

near w a l l  : 3 L "  inches 

B. Wall thickness: M .  inches 

inches Ins ide diameter o f  stack (A-B): 

Stack Area: 9 7 0  square inches 

- 

4- Comnents : 

loca t ion  o f  sampling ports. 

ENTALteT8. WC ..... 





- 





, 



I. 



F, 

I 

f 
' 6  



iu' 



Individual Water Tare Volume wo ?.?S 

Individual Si l ica  Gel Tare Weight 225 -gx 

rUc Piant’Naine C W i i w C  BEI 

Date of Makeup 
In i t ia l s  
Locked? 

smpl ing  Location 8 -$to€ u/ac*. I-€& .5.4C.uk 

r i  

Locked? I Date 

Date Ini t ia ls  Locked? 
- J 1riir:sfeiTed to Lab 7-w -E&?.- 
Iteceive? i n  Lab .- *- r/ 

. ... 

. L.., i 

;. Gel Initials Locked? 
@nt? - - 

I I 

Zero & S p a  Balance 
In i t ia l s  
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. .  . .  
.' .':bPRELIMINARY 1. FIELD DATA 

.Stack Geometry 

.,. ... . 

$nccch o f  stack cross section 
showing sampling ports. 

c- . s p a  E ~ W S ~ ?  . . .  

Plant  Location .CAh/ mx.3 .d . c .  
Sampling Location JfreR O,,nkr S M  
kte(s.1 7 17 - 14/77 

I 
. \A. Dist .  f rom inside o f  fqr wall t o  outside of 

near wall : 4 0  inches 

El. Wall thickness: h-.. inches 

Stack Area; ro 8 0 square inches 

Inside diameter o f  stack (A-B): inches 

Sketch o f  stack dimensions and 
locat ion o f  sampling ports. 

I e I 

PeUALmTa IN 
0Um.m % 6 A- 



I I 



i - 

i 
~ 

i 
i I 

j ! 
! 
I 



i, V l "  .> 
.. . 
. i  

_- /_-- 

I I I 

.. . .  











Date of blakeup Lp,/22/79 Individual Water Tare Volume 200 P I S  

In i t ia l s  Individual Sil ica Gel Tare Weight 275 P S  

Locked? 

Box/Test I Date I In i t ia l s  ILodced? I Date 

I I 
hit ia ls  Locked? 

Transferred to  La?) &If 
Received i n  L ~ L  -E+ J 

j. Gel 1 InitialsILocked? 
- I -  

' - -  
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CALIBRATIONS 

GENERAL 

b r a t e d  before  use .  Equipment which can change c a l i b r a t i o n  i s  
both  checked upon r e t u r n  from each f i e l d  use  and i s  a l so  
p e r i o d i c a l l y  r e c a l i b r a t e d  i n  f u l l .  When an in s t rumen t  is  
found o u t  of c a l i b r a t i o n ,  i t  i s  so  noted i n  t h e  r e p o r t  and 
a p p r o p r i a t e  ad jus tments  a r e  made t o  t h e  f i n a l  r e s u l t s .  The 
equipment i s  then  r e p a i r e d  and r e c a l i b r a t e d  o r  r e t i r e d  a s  

A l l  measuring equipment Entropy u s e s  i s  i n i t i a l l y  c a l i -  

i needed. S p e c i f i c  equipment i s  handled a s  f o l l o w s :  

PITOT TUBE 

a t t a c h e d  t o  a sampling probe,  a r e  c o n s t r u c t e d  in -house  o r  by 
Nutech Corpora t ion .  P r i o r  t o  t h e i r  i n i t i a l  usage ,  t hey  a r e  
c a l i b r a t e d  us ing  EPA geometry s t anda rds .  I n  g e n e r a l ,  if a 
t y p e  "S" p i t o t  t u b e  is assembled c o r r e c t l y ,  and p o s i t i o n e d  ' 
p r o p e r l y  i n  r e l a t i o n  t o  t h e  probe nozz le ,  i t  w i l l  have a n  
ave rage  Cp o f  0 .84.  A s  long a s  i t  i s  n o t  damaged, it should  
n o t  change i t s  c a l i b r a t i o n .  The r e c a l i b r a t i o n  schedu le  f o r  
p i t o t  t ubes  i s  r e l a t e d  t o  t h e  phys i ca l  c o n d i t i o n  and usage o f  
t h e  p i t o t  tube,  n o t  a f i x e d  t ime schedule .  Each p i t o t  t ube  
i s  i n s p e c t e d  upon r e t u r n  t o  t h e  l a b o r a t o r y  from each f i e l d  use .  

DRY GAS METER AND ORIFICE METER 

a t  l e a s t  once every  s i x  months a g a i n s t  a secondary  t es t  meter 
(one c a l i b r a t e d  a g a i n s t  a wet t es t  meter)  acco rd ing  t o  t h e i r  
u sage  h i s t o r y .  Bas ic  procedures  a r e  o u t l i n e d  i n  t h e  EPA P u b l i -  
c a t i o n  No. APTD-0576. The only  d i f f e r e n c e s  a r e  i n  t h e  c h o i c e  
of f low r a t e s  used and t h e  volumes metered a t  each f low r a t e .  
A f t e r  each f i e l d  u s e ,  q u i c k  checks a r e  performed t o  insureAIIe 
changes of l e s s  t han  5%. T h e s e  checks compare t h e  o r i f i c e  
a g a i n s t  t h e  d r y  g a s  meter .  I f  g r e a t e r  t han  5% changes o c c u r ,  
r e c a l i b r a t i o n  and r e p a i r  a r e  i n s t i t u t e d .  

NOZZLES 
Each nozz le  i s  c a l i b r a t e d  upon purchase,  and t h e r e a f t e r  

whenever i t  becomes a p p a r e n t  t h a t  t h e  n o z z l e  has  become damaged. 
Each nozz le  i s  i n s p e c t e d  upon r e t u r n  t o  l a b o r a t o r y  from each 
f i e l d  use .  The d i ame te r  i s  measured on f o u r  d i f f e r e n t  axes ,  
w i t h  t h e  high and low r e a d i n g s  d i f f e r i n g  by no more t h a n  0 .004  
i n c h e s  a s  a t o l e r a n c e .  

TEMPERATURE MEASURING INSTRUMENTS 

a r e  c a l i h r a t e d  a g a i n s t  an ASTM p r c c i s i o n  m e r c u r y - i n - g l a s s  
thermometer a c r o s s  a wide range o f t e m p c r a t u r e s .  I f  t h e  i n i t i a l  

A l l  p i t o t  t ubes  used by Entropy, whether s e p a r a t e  o r  

A l l  Entropy meter  boxes a r e  c a l i b r a t e d  upon purchase  and 

A f t e r  each f i e l d  u s e ,  t h e  thermocouples o r  thermometers 
I 
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reading  i s  n o t  w i t h i n  f 1 . 5 %  of t h e  a b s o l u t e  tempera ture  
r ead ing  of  t h e  s t anda rd  thermometer, t h e  ins t rument  i s  
a d j u s t e d  u n t i l  i t  i s  i n  t h e  a c c e p t a b l e  range.  

MAGNEHELIC GAUGES 
Af te r  each f i e l d  use ,  each magnehelic gauge i s  c a l i b r a -  

t e d  a g a i n s t  a n  i n c l i n e d  manometer a t  t h r e e  d i f f e r e n t  s e t t i n g s  
(low, medium, high)  over  t h e  range  o f  t h e  i n d i v i d u a l  gauges. 
I f  t h e  r ead ings  d i f f e r  more than f 5% from t h e  manometer 
r e a d i n g s ,  t h e  magnehel ics  a r e  r e c a l i b r a t e d .  

BAROMETER 

a mercury barometer.  
A f t e r  each  f i e l d  use ,  each barometer i s  checked a g a i n s t  
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NOZZLE CALIBRATION DATA 

NOZZLE # 5 0 5  






