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FOREWORD

This report was prepared by the McDonnell Aircraft Company (MCAIR), a

division of the McDonnell Douglas Corporation, St. Louis, Missouri for the
National Aeronautics and Space Administration, Dryden Flight Research Center,
Edwards, California. The study was performed under NASA Contract NAS4-2364,
"F-15 Inlet/Engine Test Techniques and Distortion Methodolog.es Study."
The work was performed from March 1977 through February 1978 with Mr. Jack
Nugent (NASA/Dryden) as Program Monitor and Mr. Harvey Neumann (NASA/Lewis)
as Technical Monitor. Special acknowledgement is due Mr. T. Putnam (NASA/
Dryden) for his constructive criticisms and suggestions.

The effort at McDonnell Aircraft Company was conducted under the tech-
nical leadership of the Engineering Technology Division. In addition to the
authors listed on the cover, other MCAIR personnel that made significant
contributions to this program were Mr, Edward Smith, Mr, Lee Weltmer and
Mr, Mark Sawyer. Special acknowledgement is due Mr. Hershel Sams for his
reviews and suggestions.

Significant subcontract support was provided by Mr. Wayne Walter and
Mr., Lew Hayward of Pratt & Whitney Aircraft (P&WA), Government Products
Division, under the direction of Mr. Frank Thompson.

This report consists of nine volumes. Technical discussions of the
program, results and Appendices A and B are presented in Volume I (NASA CR
144866). Appendices C through J are presented in Volume II through IX (NASA
CR 144867-144874) which present the distortion analysis plots and the assoc-
jated statistical functions used for the analyses.
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SUMMARY

Recent emphasis on increased maneuverability requirements for fighter
aircraft has necessitated an extensive engineering development effort be
directed towards inlet/engine compatibility. Inlet/engine compatibility must
be assessed early in the aircraft development program to allow necessary
inlet and engine design modifications to be defined and implemented at minimum
cost impact. This early assessment of inlet/engine compatibility is determin~-
ed by engine stability audits computed using inlet distortion levels from
subscale inlet model data and engine sensitivities to inlet distortion,
Therefore, the accuracy with which subscale inlet model distortion levels
predict flight test vehicle distortion levels 1s a crucial element in assess-
ing inlet/engine compatibilicy.

The primary goal of this distortion methodologies study was to determine
if ctime variant distortion data taken from a subscale inlet model can pre-
dict peak distortion levels for a full scale flight test vehicle. The data
base used to accomplish this goal was collected in separate programs by MCAIR
and NASA/Dryden, Subscale and full scale wind tunnel data were collacted by
MCAIR during the F=15 develcpment program, and flight test data were collected
by NASA/Dryden during the NASA F-15 inlet/engine compatibility flight test
program, This data base has a Mach number range of 0.4 to 2.5 and an angle
of attack range from -10 degrees to +12 degrees.

The primary objectives accomplished in meeting the overall program goal
{E} were to determine the effects on peaik distortion of: (1) Reynolds Number/
~E scale, (2) engine presence and (3) frequency content., In addition, the capa-
bility of the P&WA stability audit system to predict engine stalls was
evaluated, and the capability of Melick's procedure, Reference (1), to pre=-
dict peak time variant distortion levels was evaluated. Using the Pratt and
Whitney Aircraft distortion descriptor, Ka,, the data indicate the following
significant results for the F-15/F100 inle%/engine propulsion system.

0 Peak time variant distortion from subscale inlet model wind tunnel
tests are representative of full scale flight test distortion.

o The time variant pressure data of this study are random stationary
data, thereby allowing valid statistical analyses to be conducted.

o The effect of the engine presence on total pressure recovery, peax
time variant distortion and turbulence level is small but favorable.

o The Revnolds number/scale evaluation indicates a general trend of
increasing total pressure recovery, decreasing peak time variant fan
distortion and decreasing turbulence with increasing Reynolds number/
scale.,

0 The frequency content evaluation indicates that peak time variant
fan distortion and turbulence increase with increasing filter cutoff
frequency for all of the data evaluated in this study.

)

-
[#]

The capability of the Pratt & Whitney Alrcraft stability audit system
to predict engine stalls has been verified for both stall and non~
stall flight test conditions.
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o Predictions of peak distortion values using Melick's procedure are
accurate to 11.3 percent average error for fourteen data points
having nominal turbulence levels and are accurate to 20 perceat
average error (the maximum error apprcaches 40 percent) for eight
data points having high turbulence levels.
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APPENDIX J

STABILITY AUDITS

Presented herein are the remaining five flight points on which stability
audits were conducted. As in the technical discussion section of Volume I,
a set of figures is presented for each flight test condition auditec. Instru-
mentation data traces, peak distortion selcction procedures, fan inlet pa:-
terns audited and the stability audits are shown in Figures J-1 through J-18.
The stability audit for each flight test condition is discussed below.

Stability Audit (Mach = 0.4, Altitude = 7,050m, WAT2 = 104.1%, I.D. = 1)

A fan induced stall during steady state augmentor operation with the
third ramp actuator fully extended is illustrated in Figure J-1. An audit
of the peak distortion just prior to stall from Figure J-2 indicates a nega-
tive 3.9 percent fan stall margin with a positive 16.4 percentL HPC stall
margin remaining as shown in Figure J-4. For this ilight condition, the fan
inlet pattern was not available for the peak distortion level for which a
stability audit was conducted. Therefore, a representative pattern, which
occurred slightly earlier in time (= 23 milliseconds) and had an equivalent
distortion level was used and is shown in Figure J-3.

sval 1lity Audit (Mach = 0.70, Altitude = 16,440m, WAT2 = 104.2%, I.D. = 4)

An augmentor blowout during steady state augmentor operation followed
by augment~r reignition, which resulted in a fan induced stall with the third
ramp actuator extended, is illustrated in Figure J~5. An audit of the peak
distortion prior to surge, Figure J-6, indicates stable fan operation after
the blowout but prior to augmentation reignition. Upon reignition a negative
26.5 percent fan stall margin and 12.3 percent positive HPC stall margin was
determined as shown i1n Figure J=R, The augmentor hloweout and reignition

effects on the fan operating point were determined from fan discharge high
response pressure traces.

Stability Audit (Mach = 0.92, Altitude = 16,390m, WAT2 = 104.5%Z, I.D. = 16)

An augmentor blowout followed immediately by an augmentor reignition
induced fan stall is illustrated in Figure J-). Prior tu these anomalies,
the engine was in steady state augmentor operation with the third ramp
actuator extended. The peak distortion just prior to stall, Figure J-10,
was audited and the results are shown in Figure J-12. The fan audit
indicates stable operation until augmentor reignition occurs which resulted
in a negative 18 percent fan stall margin. The corresponding HPC audit indi-
cates a positive 12.5 percent stall margin remaining.

Stability Audit (Mach = ..2, Altitude = 16,210m, WAT2 = 96 4%, [.D, = 35)

Traces of high response pressures and third ramp actuator position were
not available for this c¢vent. However, a stal! did occur during this event
as conflirmed by digltal data. Audit results ave shown {n Figure J=15 and
fndicate a negative 9.2 percent fan stall margin and a positive 10,7 percent
HPC stall margin remadning. These results concur with those at the same
Mach Number but at Lower altitude (I.D. Number = 34) where the fan and iIPC

3 i el e 5 H_l_lg_{‘-| T
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stall margin remaining were both more positive (-3.1 percent and +16.2 percent
respectively) due to lower Reynold: Number effect. Based on these comparisons,

it is councluded during this event.
Stability Audit (Mach = 2.0, Altitude = 19,030m, WAT2 = 77.0%, I.D. = 57)

This stability audit was for non-stall engine operation at supersonic
conditions with steady state augmentor operation and the inlet third ramp
schednled automatically. High response pree ure and inlet third ramp
actuator position traces were similar to thuse for Data Point 44 and have
not been included. The peak distortion level of Figure J-16 was audited
and the results are shown in Figure J-18. The audits indicated a positive

15.4 percent fan stall margin remaining and a positive 15.7 percent HPC
stall margin remaining.



DATA
ANALYSIS
POINT | MODEL a 8 P Al % |RENO. o
10. |scatt| ™o | oear|ioeo) | oee) | ) |BYPASS” (wata |, 1g-8| TIME | PART-POINT
(SEC)

NO.

1 FLT | 04 | 164 s| 89 | 218 c 1041 | 1.44 0.6 224

2 FLT [ 059 [ 139 ] 098 | 720 | 288 c 10: | 204 0.8 4015

3 1 052 | 100 | 07 1 28 ‘ 1021 1.33 08 a4

¢ 089 | 115 | 1.0 285 104.2 | Q.84 0.6 4172

5 1/en | 060 | -100] 100 | -3.0 | 108 c 972 | 043 0.144 18441

] 1/6th | 000 | -100| 100 | -3.0 | 108 c 902 | 043 0.144 1843

7 FLT | o089 | -84 | 106 [ 08 | 105 c 1012 | 140 0.88 2110

] 1%h | 060 | 40 | 0 70 | 108 c 766 | 043 018 1127

9 t/an | 060 | 40 | 0 70 | 108 ¢ 108.8 | 043 0.181 1125

10 | FSE | 0.68 | 40 0 82 | 100 c 977 | 4 1.110 118-2

1 (LT | 067 | 43 | 07 | 69 | 11 c 944 | 358 072 4242

12 ‘ 089 | 34 | 07 | 69 | 111 M3 | 368 0.76 4256

13 058 | 48 | 12 | 70 | 121 1079 174 0.62 122

14 060 | 46 | 06 | 89 | 11.0 16.2 | 168 111 4281

15 FLT [ o085 | 88 | -05| 70 | 276 c 1082 | 221 0.60 4173

18 FLT | 082 | 56 | 08 | 7.0 | 288 c 1045 | 1.04 0.60 a7

17 | 1/6n | 090 | -100| 100 | <30 | 105 ¢ 02| 034 0.113 1577

18 | 1/6th | 090 | -10.0] 10.0 | ~3.0 | 108 c 1063 ] 0.34 0.113 1575

19 FLT | 094 | 88 | 102 | 10 | 108 c 1071 18 0.69 42114

2 FSE [ 090 | 40 | 0 | -1.0| 82 c 978 | 364 1.990 102:2

by FLT | 090 | -28 | 02| -12 ] 87 c 975 | 325 123 42410

2 FLT (003 |-33! 0 | -1.2| 86 c 1048 | 117 1.99 4253

23 | 1/eth [ 080 | 40 | O 7.0 | 10.8 c 768 | 0.34 0.369 679

24 | 1/6th | 090 | 40 | 0 70 | 10.8 c 1043 | 0.34 0.369 67-7

2% FSE | 090 | 40 0 13 | 104 ¢ 977 | 162 2260 126-2

26 | FLT | 092 46 | 07 | &0 | 110 c 96.2 | 347 0.89 4209

1] 091 | 52 | 05 | 89 | 111 98.1 | 3.28 118 4222

1] 092 | 42 | 01 | 70 | 1O 761 | 247 134 4215

2 090 | ¢1 | 05 | 68 | 1.1 988 | 243 146 4249

3 080 | 51 | 01 ) 720 | 110 106.7 | 2.42 0.68 4214

n 080 | 35 | 02 | 70 | 10 78| 118 226 Q18

n 090 | 52 | -01 | 70 | 110 100.1 | 1.79 0.70 17

3 094 | 43 | 02 | 70 | 111 106.86 | 1.89 1.08 418
'C. C’O”d Qr1-0333-4
**For flight test, these data are flight-run numbers

TABLE J-1
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OF POOE QUALITY
5
SRR SR ST S T S ST [ DL N U W




DATA
, ANALYSIS

POINT | MODEL a g p A3 % |RENO.

M BYPASS* - v
10. |scate| "© |(oec) | (DEG) | (DEC) | (DEG) WAT2 | 19-6| TIME | PART-POINT
-y (SEC)
Y FLT | 121 | 15 0 60 | 276 c 98.3 | 297 0.60 4234
35 FLY | 124 30 | o8 | 67 | 216 c 964 | 1.52 0.60 4233
3 | et | 1.2 [ 100 0 70 | 106 c 766 | 045 0.198 1317
37 |6 | 1.2 |00 o 70 | 106 c 1079 | 045 0.198 1315
ET) FLT | 198 | 17 03| 720 | 1.0 c 740 | 322 1.2 42412
3 l 1.2 | 74 | -0a | 70 | 1 944 | 3.35 1.19 42413
LT 147 | 106 | 00| 70 | 110 1034 | 1.40 0.60 42117
4 FLT | 154 | 15 0 |-14] 270 | Auto | 954 | 2.17 0.60 4246
2 | 16th | 16 [ -a0 | o | -20] 135 c 823 | 0.21 0.106 2069
a3 | iw6th | 16 | -40 | o0 | -20] 135 c 9.9 | 0.21 0.106 2065
“ FLT | 157 | =36 | 07 | -23] 137 c 833 | 146 0.65 414.2
a5 | 1/6th | 1.8 | -20| o |-30! 174 c 805 | 0.22 0.210 159
4 | 1weth | 18 | -20| o | -30] 174 c 91.0 | 0.22 0.201 15.5
4 FLT | 175 | -26 | 04 | -22 | 167 c 807 | 1.4 1.23 4151
a8 | FscP | 1.8 | -20| o | -30] 187 c 751 | 145 0.680 35315
a9 l 1 -20 1 -3.0 1 1 822 | 145 0.680 3535
50 -20 -3.0 854 | 1.44 0.680 35312
51 FSE | 1.8 [ -20 | o | -29| 186 c 806 | 1.46 0.680 523-2
52 FSe | 18 | -20| o | -291| 186 c 798 | 146 0.680 5254
53 | FLY | 181 | -23 | 02 | -29 ] 182 c 789 | 153 0.680 416
54 | FScP | 1.8 | 4.0 0 25 | 18.7 c 799 | 145 2.800 3558
55 FSE | 1.8 | 40 0 25 | 187 c 808 | 1.46 2.800 528-2
56 FSE | 1.8 | 4.0 ] 25 | 187 c 797 | 146 2.800 5294
57 FLT | 20 | 25 | 02 | 23 | 209 | Aute | 770 | 172 2.800 425.2
*C = Closed 0P18-0323.9

** For flight test, these data are flight-run numbers

TABLE J-1 (Continued)
DATA MATRIX
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DATA
ANALYSIS
POINT | MODEL a B8 | o | A .| % |RENO. "

10. |scae| Mo |(oee) |oea |(oec) | (oea) | BYPASS" | wata |, 10-8| TIME | PART-POINT
N0 (SEC)
88 | 1/6n | 22 | -20]| o | -a0] 225 ¢ 686 | 022 0.100 2607
59 |FscP | 22 [ -20] o | -a0| 225 c 80.2 | 148 0.800 4118
80 | e | 22 | -20| 0 | -40 | 250 [} 85.0 | 022 0.100 2485
81 | e | 22 |-20| o | -a0| 250 () 529 | 0.22 0.100 2499
62 | rscp | 22 [ -20] o [ -a0] 280 0 §1.7 | 1.48 0.600 3855
63 | FscP | 22 | -20] o | -a0] 250 0 623 | 148 0.600 385-2
64 | pse | 22 | -20] o | -a0/| 248 P 8.2 | 1.27 0.600 5422
85 £SE 22 =20 0 -40 | 4.8 P 60.5 1.27 0.600 5434
8 | e | 22| o 0o | -20]| 225 c 683 | 0.2 0.106 184.7
67 | wem | 22| o 0 | -20| 225 c 154 | 0.22 0.108 184-5
68 | FscP | 22| o 0 | -20]| 225 ) 716 | 147 0.650 4139
89 FSCP 2.2 0 0 ~2.0 | 225 [ 68.3 147 0.650 413-12

' 0 | fur | 22 a1 02 | -22] 229 c 730 | 234 0.650 4251
1" | escp| 22 a0 o 0.0 | 25.0 0 60.7 | 1.48 0.600 1823
22 | FSE | 22| 40| o 1.0 | 25.0 0 50.2 | 1.28 0.600 545-2
73 | FseE | 22| 40| o 1.0 | 250 0 $8.2 | 1.27 0.600 5464
% | 1w | 22| 120] o 60 | 250 [ 473 | 022 0.100 2529
7% 1/6th 22 120 0 6.0 | 25.0 0 65.0 0.22 0.100 252-5
% | rFsce | 22 [ 120] o 68 | 250 0 608 | 1.48 9.600 184-2
n FSE | 22 | 10| o0 6.8 | 248 0 50.0 | 1.28 0.690 548-3
) FSE | 22 | 1.0 0 6.8 | 208 P 588 | 1.27 0.600 549-8
79 1/6th 25 0 0 -4.0 | 26.0 0 63.1 0.21 0.100 221-7
80 | 16t | 25 | o 0 | -a0]| 280 0 68.2 | 0.21 100 215
81 | FscP | 25 | o o0 | -40 | 280 0 628 | 1.28 0.600 4658
82 | escp | 25| o 0 | -40 | 260 0 68.9 | 1.28 0.600 465-5

*0 = Open, C = Closed, P = Partial GP7-0323-10

“*For flight test, these data are flight-run numbers

TABLE J-1 (Conciuded)
DATA MATRIX
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SELECTION OF PEAK FAN DISTORTION VALVE
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FIGURE J-2
STABILITY AUDIT ANALYSIS PLOTS
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ORIGINAL PAGE IS
OF POOR QUALITY

TOTAL PRESSURE CONTOUR AT PEAK FAN DISTORTION

FIGURE J-3
STABILITY AUDIT ANALYSIS PLOTS
Mach04 a=164 fpB=-—08 p=69

13=27.6 WAT2=104.1

1
]
~ ) Kaz = 1.3
. Keo = 0.9
TRt A:zMAX MIN :
‘ -—-( )- 50.0%
P\ avG

Note: Repressntative pattern, not
actusl pattern audited

Bypass = 0 1.D. Number = 1




Surge Pressure Ratio
A - Highest available
A to B - Reynoids no. loss
B to C- Engine to engine variation
C to D - Distortion loss

Legand

Operating Pressure Ratio
1 - Installed match point
2 - Distortion rematch

3 - Augmentor anomaly

FAN AND COMPRESSOR MAPS FOR THE STABILITY AUDITS

COMPRESSOR
PRESSURE
RATIO

FIGURE J-4
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10.0
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STABILITY AUDIT ANALYSIS PLOTS
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101 103
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QrTe-asis-21

I.D. Number = 1
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ORIGINAL PAGE IS
OF POOR QUALITY

TIME HISTORIES OF HIGH RESPONSE PRESSURE PROBE DATA

48LOWOUT

/REIGNITION, STALL

Mach 0.61
A3=265 WAT2=104.2 Bypass=0

FIGURE J-5
STABILITY AUDIT ANALYSIS PLOTS

a=1158=10 p=70
1.D. Number = 4




SELECTION OF PEAK FAN DISTORTION VALUE

27.58 (4.0)
TIME AT WHICH
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AK OCCURRED
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FIGURE J-6
STABILITY AUDIT ANALYSIS PLOTS
Mach 061 a =115 B8=10 p=70
; A3=265 WAT2=1042 Bypass=0 1.D. Number=4
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ORIGINAL PAGE 15
OF POOR QUALIBY

TOTAL PRESSURE CONTOUR AT PEAK FAN DISTORTION

KAZ =18
Kog = 0.70
A_P(MAX-M'N

.51,
P Ave)se"

FIGURE J-7
STABILITY AUDIT ANALYSIS PLOTS
Mach 081 a=118 B8310 »p0=70
A3=2265 WAT2:=104.2 Bypass=0 |.D. Number=4
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Surge Pressure Ratio
A - Highest available
A to B - Reynold's no. ioss
8 to C - Engine to engine variation
C to D - Distortion loss

Opersting Pressure Ratio
1 - Instalied match point
2 - Distortion rematch
3 - Rematch dus to augmentor blowout
4 - Rematch due to sugmentor reignition

FAN AND COMPRESSOR MAPS FOR THE STABILITY AUDITS

FAN COMPRESSOR
42 102
A
c
— A /
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4 |
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34 PRESSURE 8.8
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PERCENT FAN INLET PERCENT COMPRESSOR
FLOW~PERCENT WAT2 FLOW~PERCENT WAT25H
SPY-0008-38

FIGURE J-8
STABILITY AUDIT ANALYSIS PLOTS
Mach 061 a=z=118 B8=10 p=70
A3 = 265 WAT2=z2104.2 Bypass=0 |.D. Number=4
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ORIGINAL PAGE 15
OF POOR QUALIBY

TIME HISTORIES OF HIGH RESPONSE PRESSURE PROBE DATA

Iw —\ /— REIGNITION, STALL

{'!Alfio—m‘»;;m

FIGURE J-9
STABILITY AUDIT ANALYSIS PLOTS
a=56 B=06 p=70

A3=266 WAT2=1045 Bypass=0
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ORIGINAL PAGE IS

OF POOR QUALIBY

TOTAL PRESSURE CONTOUR AT PEAK FAN DISTORTION
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Legend
Surge Pressure Ratio Qperating Pressurs Ratio
A - Highest available 1 - Installed match point
A to B - Reynold’s no. loss 2 - Distortion rematch
B to C - Engine to engine varistion 3 - Rematch due to augmentor blowout

C to D - Distortion loss

FAN AND COMPRESSOR MAPS FOR THE STABILITY AUDITS

4 - Rematch due to augmentor reignition

FAN COMPRESSOR
44 104
/ A
4.0 ,/ 0.6
c
‘ .
O ¢
FAN
AVERAGE COMPRESSOR o
26 PRESSURE 838
PRESSURE RATIO
RATIO 18% NEGATIVE
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STALL MARGIN
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3.2 8.0 |
gz. 3 Q.2
1
28 7.2
- 100 102 104 26 98 100
PERCENT FAN INLET PERCENT COMPRESSOR
FLOW~PERCENT WAT2 FLOW~PERCENT WAT25H
GPT-0488-29

FIGURE J-12

STABILITY AUDIT ANALYSIS PLOTS
Mach 092 a=56 B8=068 p=70

A3=266 WAT2=1045 Bypass=0

I.D. Numbear = 16
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SELECTION OF PEAK FAN DISTORTION VALVE
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VARIANT TIME AT WHICH |
PRESSURE 27.58 (4.0) ——STALL INDUCING PEAK — 4
OCCURRED : b
kPa | HAMMER
(PSIA) | p SHOCK
po— % ’ws ﬂ
20.68 (3.0)
3.0
2.0
FAN
DISTORTION
Ka2
1.0 v,
0
20 T
|
I
MIGH |
COMPRESSOR |
DISTORTION 1.0 N
|
|
[
o H .
-30 =20 -10 0 10

TIME RELATIVE TO STALL - mSEC

FIGURE J-13
STABILITY AUDIT ANALYSIS PLOTS
B=0 p=86.7
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1.D. Number = 35
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ORIGINAL PAGE IS
OF POOR QU
TOTAL PRESSURE CONTOUR AT PEAK FAN DISTORTION
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) = 52.4%

FIGURE J-14
STABILITY AUDIT ANALYSIS PLOTS
Mach 1.24 a =30 fB=0 p=867
A3=276 WAT2 = 96.4% Bypass=0 1.D. Number = 35
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Lagend
Surge Pressure Ratio Operating Pressure Ratio
A - Highest available 1 - Instalied match point
A t0 8 - Reynold’s no. loss 2 - Distortion rematch
B to C - Engine to engine variation 3 - Augmentor anomaly

C to D - Distortion loss

FAN AND COMPRESSOR MAPS FOR THE STABILITY AUDITS

FAN COMPRESSOR

38 10.0

A smmmn—
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34 C 9.2

/ 8
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FIGURE J-15
STABILITY AUDIT ANALYSIS PLOTS
Mach 124 a=30 B8=0 p=6.7
A3 =276 WAT2=964% Bypass=0 |.D. Number = 36
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SELECTION OF PEAK FAN DISTORTION VALVE
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FIGURE J-18

STABILITY AUDIT ANALYSIS PLOTS
Mach 20 a =25 B=02 p=23
23=209 WAT2=770 Bypass=Auto I.D. Number=57
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ORIGINAL PAGE IS
OF POOR QUALIFY

TOTAL PRESSURE CONTOUR AT PEAK FAN DISTORTION

FIGURE J-17
STABILITY AUDIT ANALYSIS PLOTS
Mach 20 a=25 B8=02 p=23

A3=209 WAT2=77.0 Bypass = Auto

Ka2=20
Kgz=0.14
L2 AP (MAX - MIN
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I.D. Number = 57
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. Legend
Surge Pressure Ratio Operating Pressure Ratio
A - Highest available 1 - installed match point
A to B - Reynold's no. loss1 2 - Distortion rematch
B8 to C - Engine to0 engine variation 3 - Augmentor anomaly

€ 10 O - Distortion loss

FAN AND COMPRESSOR MAPS FOR THE STABILITY AUDITS
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GPTS-00885-28
FIGURE J-18
STABILITY AUDIT ANALYSIS PLOTS
Mach 20 a=25 =02 p=23
A3=2209 WAT2=77.0 Bypass=Auto |.D. Number 57
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