Date
Time

Test Number

Mixture Composition
Ambient Temperature
Ambient Pressure
Wind Speed

Wind direction

Relative Humidity

Mass Flow

Equivalence Ratio

40% CO 60% H2

6.6 °C

950 mbar

6m/s

N

87.00%

10.3690 |kg/s

duct section

Engine Speed: 12%; 8,100 rpm

Test on 60% H2 40% CO at an intended EQR of 0.50

** DETONATION **

Test gave an extremely strong combustion event which caused some damage to the test rig including: blast panels all activated causing damage
to the hinges and outer shed structure; exhaust chimney was badly damaged; several IP and OP sensors were ejected from the rig; The high

speed camera was dislodged from the end of the rig and the lens smashed

14 March 2019 General Comments: (weather, rig configuration)
11:41:47 Weather: Windy with some rain showers earlier. Drying up later in day with sunny spells.
HRSG Test 64 Rig configuration: 4 x 3m circular duct; expansion section and HRSG attached. End Plate attached. Igniter 258mm from beginning of 2nd circular

The sensors gave a very good response although it should be noted that the pressure transducers were beyond their range and therefore

indicated pressures should be viewed as potentially inaccurate.
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Key There are 13 sections on the rig
Naming Convention
Section Identifier Vertical position in section cD Circular duct Upper 4 circular duct sections (CD1 to CD4)
i.e. HE, HR, CD or HR1-R1U (sides only) i.e. U, M or L. HR HRSG Middle 6 HRSG sections (HR1 to HR6)
EP Absence of letter denotes HE Heat Exchanger Lower 3 heat exchanger sections  (HE1 to HE3)
centreline EP End Plate Right Side (when viewed downstream from engine) located between HR3 and HR4

Section Number (1-6)
Numbered from
downstream to upstream

Longitudinal position in
section (numbered from 1)

W-Er3-2C

Left Side
Top
Bottom




Location of igniter 3258 mm

Time of ignition

21.76896|seconds

IP Number Location label Data Name Positi((:;:‘r; tke Flame arrival time (s) Ave Fla::::;e(t::;:)om et
PO lonisation probe 0 11758 21.81368 190
IP1 lonisation probe 1 14745 21.82053 223
P2 lonisation probe 2 14745 21.82097 221
IP3 lonisation probe 3 14745 21.82128 220
P4 HR3-R1L lonisation probe 4 15140 21.82467 213
IPS HR3-R1LM lonisation probe 5 15140 21.82316 219
IP6 lonisation probe 6 15140 21.82398 216
IP7 lonisation probe 7 15140 21.82753
P8 lonisation probe 8 15140 21.82720
] lonisation probe 9 16090 21.82534
P10 lonisation probe 10| 16985 2182643 380
P11 lonisation probe 11 16985 21.82652 404
P12 lonisation probe 12 16985 21.82700 392
P13 lonisation probe 13 16985 21.82702
P14 lonisation probe 14 17575 21.82775
P15 lonisation probe 15| 18165 2182734 1297
P16 lonisation probe 16 18165 21.82755 1146
P17 lonisation probe 17 18165 21.82793 1269
P18 lonisation probe 18 18165 21.82762 910
P19 lonisation probe 19| 18775 2182770 169
1P20 lonisation probe 20 18775 21.82787 1906
P21 lonisation probe 21 18775 21.82818 2440
P22 lonisation probe 22 18775 21.82824 2449
P23 lonisation probe 23 19985 21.82854 1806

KEY: ND - not detected - sensor working but flame too weak to be picked up
NW - not working - sensor not

Flame Speed [m/s]
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5000 10000 15000 20000

Position in tube [mm]

Only a weak responses from sensors after the HE. Many responses too weak to accurately pick out flame arrival time. Further analysis

required




Location of igniter| 3258 mm

Time of ignition

21.76896 [seconds

Rake

P

Position in tube

Avg Flame speed from last

Number | Number Location label | Data Name () Flame arrival time (s) e ()
RA1 1P24 HR2-R2M P24 13785 21.8180 215
RA1 1P25 HR2-R2M 1P25 13785 21.8178 216
RA1 1P26 HR2-R2M 1P26 13785 21.8177 216
RA2 P27 HR2-R4M P27 14475 21.8195 222
RA2 P28 HR2-R4M P28 14475 21.8194 222
RA2 1P29 HR2-R4M P29 14475 21.8196 221
RA3 1P30 HR4-R3M 1P30 17575 21.8274 394
RA3 1P31 HR4-R3M 1P31 17575 21.8273 394
RA3 1P32 HR4-R3M 1P32 17575 21.8273 405
RA4 1P33 HR4-R3L 1P33 17575 21.8270 413
RA4 1P34 HR4-R3L 1P34 17575
RA4 1P35 HR4-R3L 1P35 17575

KEY: ND - not detected - sensor working but flame too weak to be picked up

NW - not working - sensor not working

Flame Speed [m/s]
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5000

10000
Position in tube [mm]

15000

20000




Location of igniter mm

Transducer number | Location | Position in tube | APmax| TimeAPmax
[mm] [mbar] [sec] Ignitor position

KUo CD3-RS 8258 2382 21.8333 o . 18172
KU1 CD4-R2 9758 3336 21.8535

KU2 HR2-TS 14745 7271 21.8274

KU3 HR3-L1L 15140 2865 21.8295

Ku4 HE1-R1U 15600 7020 21.8279

KU5 HE3-R1L 16580 5951 21.8347

KU6 HR4-R1L 16985 6568 21.8272

Ku7 HR4-R5U 18165 . 12691
KU8 HR5-R2L 18775 7339 21.8278

KU9 HR6-R3L 20575 12691 21.8288
KU10 HR6-L5L 21165 18172 21.8295

J7271 7020

° 6568

° 7339

5951

° 3336

° 2382

° 2865

5000

10000

Position in tube [mm]
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20000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Pressure [mbar]




Location of ignitel

Time of ignitio 21.76896|seconds

OP Number Location Position in | Flame arrival | Average flame
label tube (mm) time (s) speed (m/s)
OoPO CD4-L4 10758 21.8103 181.4
OP1 CD4-R6 11758 21.8128 404.9
OP2 HR1-R1 12152 21.8134 667.8 Ignitor position
OP3 HR2-R5M 14745 21.8200 390.5 ¢ 1,5:43
opP4 HE1-T1 15600 21.8264
OP5 HE2-T1 16090 21.8262 ;
oP6 HE3-T1 16580 21.8265 o
OpP7 HR4-T1 16985 21.8263
oP8 HR4-R1IM 16985 21.8264 353.3
OP9 HR4-R5L 18165 21.8271
OP10 HR5-T2 18775 21.8274 1543.1
OP11 HR5-R2M 18775 21.8277 1356.1
s;s
KEY: ND - not detected - sensor working but flame too weak to be picked up
NW - not working - sensor not working
a0 391 353
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Location of igniter 3258/mm

Time of ignition \:I seconds

© Ignitor position « T - Tmax (deg C) —— Linear (Ti —— Linear (Tmax (deg C))
(degC) (deg C))
45
1239
848
9
648
622 .

472 479
483

Ignitor position

The;um;;:l:l’le Location Posltl(l:: ,.:; tube T (deg ©) (d:g, o

TCO CD1-R3 1258

TC2 CD2-R3 4258 1345 242
TC4 CD3-R3 7258

TC6 CD4-R3 10258 1239 228
TC8 HR1-R2 13160 848 199
TC12 CD3-T1 6258 634 227
TC13 CD3-L1 6258 627 237
TC14 CD3-B1 6258

TC15 CD3-R1 6258 660 243
TC16 HR2-R3M 14140 622 146
TC17 HR2-RSL 14745 719 147
TC18 HR2-R5U 14745 648 183
TC19 HR3-L1M 15140

TC20 HE2-R1L 16090

TC21 HE2-R1U 16090

TC22 HR5-R4M 19375 472 98
TC23 HR6-R1M 19985 479 66
TC24 HR6-RSL 21165 411 107
TC25 HR6-R5U 21165 400 125

surface thermocouples [not plotted]

TC1 CDL-T2 1508 82 70
T3 CD2-T2 4508 70 56
TCs CD3-T2 7508 62 52
17 CD4-T2 10508 45 32

5000

10000 15000 20000
Position in tube [mm]

1600

1200

Temperature [°C]




Pressure
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Name Unit
Y

Uiite pressure
ar 4096023

[ | Kulite pressire 1

Kulte pressure &
Kulie pressure 5
Kulte pressure 3
Kulte pressure |

=}
a~

AT64645.., | 2187037999,
ulite pressure 4
s ar

2173961.., 2157037995,
ulite pressure 5
~
O o ssesise., 21 7657995,
ulite pressure 6
O oiseiro., 51 a7657995,
ulite pressure 7
25 O iosoes.. 51 gr6s7ss
Kulite pressure
v !
OIF | 5 ooested...| 2187037988,
Kulite pressure ]
N O (o2uizr.. | 2187037988,
Q- Kultepressure1o |
0A754837.., | 218703799..,

Coordinates

25 PL 2187039
7 P2 2178445

X-Cursorl; |21,

2 1 ¥-Cursorl: |0.367694013475245
z
Z-cursort: |0

¥2-Cursort |0

X-Cursord: |21.7844399999099

¥-Cursor2: |0.0246685896034795

Zcursor2: |1

05 Y2-Cursor2 |1

dX-Cursor: |-0.0859400000000008

dY-Cursor: | -0.343025423871765

dY-Cursor/|3.99145245370912
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Optical Probes

A = E—
FA-t - RPN - =-ak-2070] -4 V]
[ Name Unit v
[ Wiaximum
Gptical probe i 0568130105,
~ H
s B iresse saiionois
Gptical probe 0518673538
~ H
OO ioesss., siissisrioiaes
O Optieai probe 2 0.568145457
21795259, 1511922421350426 |
Coordinates m | Opticai probe3 0.666325351
—— 21.795259... |511969331392323
i Optical probes i 0003570706,
PL: 2179527 21.795253.., 511946251757692
- - Opticiprobe i 0002788540
21.795253.., 511637161778858
X-CursorL: |21.7952599939999 - Opticiprobe i 0005285529
+ Y-Cursorl: 0.0063202811323428 21.795253... | 51167524582644
O opticlprobe i 0002589152
[ECUISOEL]| 0 21.795758.,, | 5.11818801267854
v2.cursort |0 O Optical probe i {0.003147501.
T 21.795259.,, {511346382661256
d Or | Oetical prose i 0003875302
Y-Cursar: 21.795259.,, {511781178053173
T — O Optical probe i {0.003068661
21.795259.., {511687197356882
Y2-Cursor2 O Optical probe i (0063306375
dX-Cursar: 0,01 21.795250... {511466247132066
dY-Cursor: 0.0050004386516155 H
E
d¥-Cursor/| 028525035 2630648
erentiatedyz
Or SRR e
tedis
Ll o
[ Differentistedid 0312415595..
217957509.. | 17879.455977350
O Differentited i 0312565174,
217957590 | 204568312291205
or erentiatedvs | 0937455141,
217952590, | 11357, 5106630677
z - erentiatedV7 0957185240,
21.7957555.. | 20049.0015983841
s Differentiate : 0936638247.
21.7952555.. | 20135, 2967904025
- Differentiat : 1249322242.,
217952555.. | 20467.6144731713
O Differentisted : 0312257914,
21.7952595.. ¢ 15632366139738
O Differentiste : 0937004571..
21.7952595.. | 1543369654533
1
2177 2178 2t7a 218 2181 218z 2183
Haliame
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lonisation Probes

FA-t - RPN - =-ak-2070] -4 V]

[[Mame Unit ¥
[
orization probe 0 1367123707 .
B BT e B
oniation probe 1 15148010514
O e R
oniation probe 2 111513743800
Coordinates ar 1535145 e
tion probe 3 111052075600,
o lonis i
1.523149...
G 2182316 a5 lonisation prabe 1324585510,
Pz 2182400 1.523149..,
cursons [ 523149905595 OF Dutenpioses T
Y-Cursorl: |1.52458551933133 LI lonisation prabe & i1052279267...
+ o[ 1.523149..,
onisation probe 7 1094175193...
v2-cursor |0 1
1.823149..,
TR g o
X-Cursor2: |21 D lonisation prabe {1.067517084...
Y-Cursor2: |1.30411245060236 ZEETITAOLS o
O lonisstion prabe 3 {1.046124031...
z-cursor2: |1 21823149,
e Or | lonitenprobe i {1.048587945 ..
d¥-Cursor: |-0.0204730657 239696 21823148
d¥-Cursor| 24.5727008675159
E
Toni
21823148
or ks
fonisation probe 18 11062454515,
O s
fonisation probe 17 11059611477
O S se
fonisation probe 18 2
Or s
z
- lonisation probe 15 2
21523148
s lonisation probe 20 11056488647 ..
21523148
#i~  lonisation probe 21 11055365007,
21523148
fnization probe 22 1315177875..,
Or e
fonization probe 23 1085550973..,
O 555
21z 2182z 21324 21 B28 21828 FC 2183z
Nahiame
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Temperature

X1 KT I I

Gas Delivery Data

Wall IP i Rake IP J, O

Gas

ap = s
At - RN -k -] - Y
Name. Maxi.._| Minimum
O _ic 543 134
[HF T E
o C 18563468957
gr i
[ = 1
Coordinates B
C
1200 c
P1: 21616 <
[BF T
P2 BE -
X-Cursori: |21.645 ZmE3
Y-Cursorl: | 246 366324468661 F g E
2-cursort: [0 B
v TC
vz-cursor1 |0
|
1000 X-Cursor2: W i1
V-Cursor2: e
2-cursora:
V2-Cursar2
ax-cursor:
dv-Cursor:
av-Cursor/|
&00
600
I
400
N i
2ls B 25 B =
Hahiame | ¢ e 5

Wall

. Oxygen Level i Pressure ), Sheet15 7




FA-t - RPN - =-ak-2070] -4 V]

Coordinates

Pi:

2181799

P2:

2181967

X-Cursord:

151

¥-Cursorl:

1.09528198042819

Z-Cursorl:

o

v2-Cursort

o

X-Curser2:

¥-Cursor2:

5.11683649264976

Z-Cursor:

1

Ya-Cursorz

1

dX-Cursor:

o

av-Cursor:

4.02555451222158

d¥-Cursor/|

2394.97292394092

Name Unit
¥ X
onisation probe 24
v
OF osiei, 2181767999
lonisation probe 2
v
av 99350... 7181797999, .
onisation pro|
v
ar s, 7181797995,
onisation probe 2
v
o~ 1048221... | 2181797999, .
onisation pro|
v
87 e, 797999,
v lonisation prol
ar
Or  lenisationpis
onisation
8 s eseios. 1757999,
onisation probe 33
O 5 s 1757999,
onisation probe 34
ar e, 1757999,
onisation probe 35
ar s, 11757999,
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21512 21,514 21318
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2182
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21,326
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- CD1-T1 CcD 1 T 1 1 1" BSPP 0 298 258
TC1 CD1-T2 CcD 1 T 2 NA SURFACE 0 298 1508
- CD1-B1 CcD 1 B 1 2 1" BSPP 0 -298 258
- CD1-R1 CcD 1 R 1 3 3/4" BSPP 298 0 258
- CD1-11 CcD 1 L 1 4 3/4" BSPP -298 0 258
- CD1-R2 CcD 1 R 2 5 3/4" BSPP 298 0 758
- CD1-L2 CcD 1 L 2 6 3/4" BSPP -298 0 758
TCO CD1-R3 CcD 1 R 3 7 3/4" BSPP 298 0 1258
- CD1-L3 CcD 1 L 3 8 3/4" BSPP -298 0 1258
- CD1-R4 CcD 1 R 4 9 3/4" BSPP 298 0 1758
- CD1-L4 CcD 1 L 4 10 3/4" BSPP -298 0 1758
- CD1-R5 CcD 1 R 5 11 3/4" BSPP 298 0 2258
- CD1-L5 CcD 1 L 5 12 3/4" BSPP -298 0 2258
- CD1-R6 CcD 1 R 6 13 3/4" BSPP 298 0 2758
- CD1-L6 CcD 1 L 6 14 3/4" BSPP -298 0 2758
IGN CD2-T1 CcD 2 T 1 15 1" BSPP 0 298 3258
TC3 CD2-T2 CcD 2 T 2 NA SURFACE 0 298 4508
- CD2-B1 CcD 2 B 1 16 1" BSPP 0 -298 2358
- CD2-R1 CcD 2 R 1 17 3/4" BSPP 298 0 3258
- CD2-11 CcD 2 L 1 18 3/4" BSPP -298 0 3258
- CD2-R2 CcD 2 R 2 19 3/4" BSPP 298 0 3758
- CD2-L2 CcD 2 L 2 20 3/4" BSPP -298 0 3758
TC2 CD2-R3 CcD 2 R 3 21 3/4" BSPP 298 0 4258
- CD2-L3 CcD 2 L 3 22 3/4" BSPP -298 0 4258
- CD2-R4 CcD 2 R 4 23 3/4" BSPP 298 0 4758
- CD2-L4 CcD 2 L 4 24 3/4" BSPP -298 0 4758
- CD2-R5 CcD 2 R 5 25 3/4" BSPP 298 0 5258
- CD2-L5 CcD 2 L 5 26 3/4" BSPP -298 0 5258
- CD2-R6 CcD 2 R 6 27 3/4" BSPP 298 0 5758
- CD2-L6 CcD 3 L 6 28 3/4" BSPP -298 0 5758
TC12 CD3-T1 CcD 3 T 1 29 1" BSPP 0 298 6258
TC5 CD3-T2 CcD 3 T 2 NA SURFACE 0 298 7508
TC14 CD3-B1 CcD 3 B 1 30 1" BSPP 0 -298 6258
TC15 CD3-R1 CcD 3 R 1 31 3/4" BSPP 298 0 6258
TC13 CD3-L1 CcD 3 L 1 32 3/4" BSPP -298 0 6258
- CD3-R2 CcD 3 R 2 33 3/4" BSPP 298 0 6758
- CD3-L2 CcD 3 L 2 34 3/4" BSPP -298 0 6758
TC4 CD3-R3 CcD 3 R 3 35 3/4" BSPP 298 0 7258
- CD3-L3 CcD 3 L 3 36 3/4" BSPP -298 0 7258
- CD3-R4 CcD 3 R 4 37 3/4" BSPP 298 0 7758
- CD3-L4 CcD 3 L 4 38 3/4" BSPP -298 0 7758
KUO CD3-R5 CcD 3 R 5 39 3/4" BSPP 298 0 8258
- CD3-L5 CcD 3 L 5 40 3/4" BSPP -298 0 8258
- CD3-R6 CcD 3 R 6 41 3/4" BSPP 298 0 8758
- CD3-L6 CD 3 L 6 42 3/4" BSPP -298 0 8758
- CD4-T1 CcD 4 T 1 43 1" BSPP 0 298 9258
TC7 CD4-T2 CD 4 T 2 NA SURFACE 0 298 10508
- CD4-B1 CcD 4 B 1 44 1" BSPP 0 -298 9258
- CD4-R1 CcD 4 R 1 45 3/4" BSPP 298 0 9258
- CD4-L1 CcD 4 L 1 46 3/4" BSPP -298 0 9258
KU1 CD4-R2 CcD 4 R 2 47 3/4" BSPP 298 0 9758
- CD4-L2 CcD 4 L 2 48 3/4" BSPP -298 0 9758
TC6 CD4-R3 CD 4 R 3 49 3/4" BSPP 298 0 10258
- CD4-L3 CcD 4 L 3 50 3/4" BSPP -298 0 10258
- CD4-R4 CcD 4 R 4 51 3/4" BSPP 298 0 10758
OPO CD4-L4 CcD 4 L 4 52 3/4" BSPP -298 0 10758
- CD4-R5 CcD 4 R 5 53 3/4" BSPP 298 0 11258
- CD4-L5 CcD 4 L 5 54 3/4" BSPP -298 0 11258
OP1 CD4-R6 CcD 4 R 6 55 3/4" BSPP 298 0 11758




24/05/2019 13:18
g 5 S 5
s £ S = o
§ 5 .S 2 % § § & w = = =
g @ B 2 s = = oL = > N
3 8 g1 &8 7| 5| B | s ’
= 5 2 5
2 < 2 =
IPO CD4-L6 CcD 4 L 6 56 3/4" BSPP -298 0 11758
OoP2 HR1-R1 HR 1 R 1 57 3/4" BSPP 308 0 12152
- HR1-L1 HR 1 L 1 58 3/4" BSPP -308 0 12152
TC8 HR1-R2 HR 1 R 2 59 3/4" BSPP 393 0 13160
- HR1-L2 HR 1 L 2 60 3/4" BSPP -393 0 13160
RA1 HR2-R2M HR 2 R 2 M 61 11/4" BSPP 448 70 13785
RA1 HR2-L2M HR 2 L 2 M 62 11/4" BSPP -448 70 13785
TC16 HR2-R3M HR 2 R 3 M 63 3/4" BSPP 528 410 14140
- HR2-L3M HR 2 L 3 M 64 3/4" BSPP -528 410 14140
- HR2-T3 HR 2 T 3 65 1" BSPP 0 1122 14215
RA2 HR2-R4M HR 2 R 4 M 66 11/4" BSPP 598 700 14475
RA2 HR2-L4M HR 2 L 4 M 67 11/4" BSPP -598 700 14475
- HR2-B5 HR 2 B 5 68 1" BSPP 0 -100 14745
KU2 HR2-T5 HR 2 T 5 69 1" BSPP 0 2315 14745
TC17 HR2-R5L HR 2 R 5 L 70 3/4" BSPP 662 310 14745
IP1 HR2-L5L HR 2 L 5 L 71 3/4" BSPP -662 310 14745
OP3 HR2-R5M HR 2 R 5 M 72 3/4" BSPP 662 975 14745
P2 HR2-L5M HR 2 L 5 M 73 3/4" BSPP -662 975 14745
TC18 HR2-R5U HR 2 R 5 ] 74 3/4" BSPP 662 1660 14745
IP3 HR2-L5U HR 2 L 5 ] 75 3/4" BSPP -662 1660 14745
KU3 HR3-L1L HR 3 L 1 L 76 3/4" BSPP -700 400 15140
TC19 HR3-L1M HR 3 L 1 M 77 11/4" BSPP -700 1335 15140
IP8 HR3-L1U HR 3 L 1 U 78 3/4" BSPP -700 2270 15140
P4 HR3-R1L HR 3 R 1 L 136 3/4" BSPP 700 400 15140
IP5 HR3-R1LM HR 3 R 1 LM 137 3/4" BSPP 700 868 15140
IP6 HR3-R1M HR 3 R 1 M 138 3/4" BSPP 700 1335 15140
- HR3-R1UM HR 3 R 1 UM 139 3/4" BSPP 700 1802 15140
IP7 HR3-R1U HR 3 R 1 U 140 3/4" BSPP 700 2270 15140
- HE1-R1L HE 1 R 1 L 79 3/4" BSPP 700 400 15600
- HE1-R1M HE 1 R 1 M 80 3/4" BSPP 700 1335 15600
KUu4 HE1-R1U HE 1 R 1 U 81 3/4" BSPP 700 2270 15600
TC20 HE2-R1L HE 2 R 1 L 83 3/4" BSPP 700 400 16090
IP9 HE2-R1M HE 2 R 1 M 84 3/4" BSPP 700 1335 16090
TC21 HE2-R1U HE 2 R 1 U 85 3/4" BSPP 700 2270 16090
KUS HE3-R1L HE 3 R 1 L 87 3/4" BSPP 700 400 16580
- HE3-R1M HE 3 R 1 M 88 3/4" BSPP 700 1335 16580
- HE3-R1U HE 3 R 1 U 89 3/4" BSPP 700 2270 16580
OP4 HE1-T1 HE 1 T 1 82 3/4" BSPP HOLE -47 2735 15600
OP5 HE2-T1 HE 2 T 1 86 3/4" BSPP HOLE 0 2735 16090
OP6 HE3-T1 HE 3 T 1 90 3/4" BSPP HOLE -47 2735 16580
OoP7 HR4-T1 HR 4 T 1 91 1" BSPP 0 2735 16985
- HR4-B1 HR 4 B 1 92 1" BSPP 0 -65 16985
KU6 HR4-R1L HR 4 R 1 L 93 3/4" BSPP 700 400 16985
IP10 HR4-L1L HR 4 L 1 L 94 3/4" BSPP -700 400 16985
OP8 HR4-R1M HR 4 R 1 M 95 3/4" BSPP 700 1335 16985
IP11 HR4-L1M HR 4 L 1 M 96 3/4" BSPP -700 1335 16985
IP13 HR4-R1U HR 4 R 1 U 97 3/4" BSPP 700 2270 16985
IP12 HR4-L1U HR 4 L 1 ] 98 3/4" BSPP -700 2270 16985
RA3 HR4-R3M HR 4 R 3 M 99 11/4" BSPP 700 1335 17575
RA3 HR4-L3M HR 4 L 3 M 100 11/4" BSPP -700 1335 17575
RA4 HR4-R3L HR 4 R 3 L 141 11/4" BSPP 700 400 17575
IP14 HR4-R3U HR 4 R 3 U 142 3/4" BSPP 700 2270 17575
RA4 HR4-L3L HR 4 L 3 L 143 11/4" BSPP -700 400 17575
- HR4-L3U HR 4 L 3 U 144 3/4" BSPP -700 2270 17575
IP18 HR4-R5M HR 4 R 5 M 101 3/4" BSPP 700 1335 18165
IP16 HR4-L5M HR 4 L 5 M 102 3/4" BSPP -700 1335 18165
OoP9 HR4-R5L HR 4 R 5 L 145 3/4" BSPP 700 400 18165
KU7 HR4-R5U HR 4 R 5 U 146 3/4" BSPP 700 2270 18165
IP15 HR4-L5L HR 4 L 5 L 147 3/4" BSPP -700 400 18165
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P17 HR4-L5U HR 4 L 5 U 148 3/4" BSPP -700 2270 18165
- HR5-R1IM HR 5 R 1 M NA SURFACE 700 1200 18455
OP10 HR5-T2 HR 5 T 2 103 1" BSPP 0 2735 18775
- HR5-B2 HR 5 B 2 104 1" BSPP 0 -65 18775
KU8 HR5-R2L HR 5 R 2 L 105 3/4" BSPP 700 400 18775
IP19 HR5-L2L HR 5 L 2 L 106 3/4" BSPP -700 400 18775
OP11 HR5-R2M HR 5 R 2 M 107 3/4" BSPP 700 1335 18775
IP20 HR5-L2M HR 5 L 2 M 108 3/4" BSPP -700 1335 18775
P22 HR5-R2U HR 5 R 2 U 109 3/4" BSPP 700 2270 18775
IP21 HR5-L2U HR 5 L 2 U 110 3/4" BSPP -700 2270 18775
TC22 HR5-R4M HR 5 R 4 M 111 11/4" BSPP 700 1335 19375
- HR5-L4M HR 5 L 4 M 112 11/4" BSPP -700 1335 19375
TC23 HR6-R1IM HR 6 R 1 M 113 3/4" BSPP 700 1335 19985
P23 HR6-L1M HR 6 L 1 M 114 3/4" BSPP -700 1335 19985
- HR6-T3 HR 6 T 3 115 1" BSPP 0 2735 20575
- HR6-B3 HR 6 B 3 116 3/4" BSPP 0 -65 20575
KU9 HR6-R3L HR 6 R 3 L 117 3/4" BSPP 700 400 20575
- HR6-L3L HR 6 L 3 L 118 3/4" BSPP -700 400 20575
- HR6-R3M HR 6 R 3 M 119 11/4" BSPP 700 1335 20575
- HR6-L3M HR 6 L 3 M 120 11/4" BSPP -700 1335 20575
- HR6-R3U HR 6 R 3 U 121 3/4" BSPP 700 2270 20575
- HR6-L3U HR 6 L 3 U 122 3/4" BSPP -700 2270 20575
- HR6-B5 HR 6 B 5 123 1" BSPP 0 -65 21165
TC24 HR6-R5L HR 6 R 5 L 124 3/4" BSPP 700 400 21165
KU10 HR6-L5L HR 6 L 5 L 125 3/4" BSPP -700 400 21165
- HR6-R5M HR 6 R 5 M 126 3/4" BSPP 700 1335 21165
- HR6-L5M HR 6 L 5 M 127 3/4" BSPP -700 1335 21165
TC25 HR6-R5U HR 6 R 5 U 128 3/4" BSPP 700 2270 21165
- HR6-L5U HR 6 L 5 U 129 3/4" BSPP -700 2270 21165
- EP-1L EP 1 L 130 1" BSPP 650 -15 21330
- EP-2L EP 2 L 131 1" BSPP 0 -15 21330
- EP-3L EP 3 L 132 1" BSPP -650 -15 21330
- EP-1M EP 1 M 133 1" BSPP 250 1335 21330
- EP-2M EP 2 M 134 1" BSPP -250 1335 21330
- EP-1U EP 1 U 135 3/4" BSPP 0 2270 21330
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