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Igniter Pitot probe
NS1-1 NS1-2 NS1-3 NS1-4 NS1-5 NS1-6 NS2-1 NS2-2 NS2-3 NS24 NS2-5 NS2-6 NS3-1 NS3-2 NS33 NS3-4 NS3-5 NS3-6 NSa1 NS4-2 NS4-3 NS4 NS4-5 NS4-6
Sensor #N/A #N/A Tco Tc3 T Tca #N/A T2 Ku3 /A opo #N/A Kus 6 /A Kus op1 Kuo /A or2 TC15 /A o3 Ku7
TC9 RAKE Tc7 RAKE RAKE RAKE

item [location  [DAQ |Channel Supplier  [Range [signal Excitation SR
PO Fs13  |pXle  |PXiSlot2/ai0 |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
1P1 Fs1-6  |pXle  |pXiSlot2/ail _|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
Fs23  |pXle |pXiSlot2/ai2_|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R11 |PXle |pXiSlot2/ai3 |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R1-2__[PXle |PXiSlot2/aid Flame Presence lonisation Probe Bruce Ewan __|TBC Stosv 60v 100 kHz
R1-3 __|PXle |PXiSlot2/ais Flame Presence lonisation Probe Bruce Ewan __|TBC Stosv 60V 100 kHz
Fs2-6 _|pXle |PXiSlot2/ai6 |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R2-1__|PXle |PXiSlot2/ai7 Flame Presence lonisation Probe Bruce Ewan __|TBC Stosv 60V 100 kHz
R2-2__|PXle |PXiSlot6/ai0 |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R2:3  |PXle |PXiSlot6/ail __|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
Fs3-4__|pXle |pXiSlot6/ai2_|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R3-1_ |PXle |PXiSlot6/ai3 |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R3-2_|PXle |PXiSlot6/aia __|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R3-3  |PXle |PXiSlot6/ais |Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
Fs3-6_ |PXle |PXiSlot6/ai6 _|Flame Presence lonisation Probe Bruce Ewan__|TBC Stosv 60v 100 kitz
R4-1__|PXle |PXiSlot6/ai7 Flame Presence lonisation Probe Bruce Ewan __|TBC Stosv 60V 100 kHz
Further Instrumentation R42  |PXle |PXiSlot7/ai0 Flame Presence lonisation Probe Bruce Ewan _|TBC Sto5V 60V 100 kiz
Location | Sensor | Working R43  |PXle |PXiSlot7/ail Flame Presence lonisation Probe Bruce Ewan _|TBC Sto5V 60V 100 kiz
TS11 Tcs . o
Fs4-2 PXle PXI Slot7/ai2 Flame Presence lonisation Probe Bruce Ewan TBC -5to 5V 60V 100 kHz
w2 Tc1o RS-1 |PXle |PXISlot7/ai3 Flame Presence lonisation Probe Bruce Ewan _|TBC Stosv 60v 100 kHz
wBd Tc12 RS2 |PXle |PXiSlot7/aid Flame Presence lonisation Probe Bruce Ewan _|TBC Stosv 60v 100 kHz
2D e RS-3  |PXle |PXISlot7/ais Flame Presence lonisation Probe Bruce Ewan _|TBC Stosv 60v 100 kHz
[ b3 Fs4-5 PXI Slot7/ai6 Flame Presence lonisation Probe Bruce Ewan _|TBC Stosv 60v 100 kHz
RLZ b 1p23 Fs4-6__|PXle |PXiSlot7/ai7 Flame Presence lonisation Probe Bruce Ewan _|TBC Stosv 60v 100 kHz
[ 1Ps oPo NS2-5  |Pxle  |Pxislota/aio Flame Presence Optical Probe Bruce Ewan | TBC Sto5V 30V 100 kHz
= p7 opP1 NS3-5  |Pxle  [Pxisiota/ail Flame Presence Optical Probe Bruce Ewan | TBC Sto5V 30V 100 kHz
522 P8 opP2 Ns4-2  |Pxle  [Pxisiota/ai2 Flame Presence Optical Probe Bruce Ewan | TBC Sto5V 30V 100 kHz
B2 P9 or3 Ns4-5  |Pxle  [Pxisiota/ai3 Flame Presence Optical Probe Bruce Ewan | TBC Sto5V 30V 100 kHz
=l P11 op4 PXle |PXIISlotd/ai4_|Flame Presence Optical Probe Bruce Ewan | TBC StosV 30v 100 kHz
R3-2 P12 . ]

PXI1Slot4/aiS Flame Presence Optical Probe Bruce Ewan TBC -5to 5V 30V, 100 kHz
R3-3 P13 ! ! . "

SC1Mod4/ai0 Gas (wall) K-Type Thermocouple TC-Direct. 1100°C Conditione None 5 kHz
[ P15 SCIModd/ail | Gas (wall) K-Type Thermocouple TC-Direct _ |1100°C__|conditioned | None 5 kHz
R4-2 P16 . . . ]

SC1Mod4/ai2 Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5 kHz
R4-3 P17 . . . ]

SC1Mod4/ai3 Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5 kHz
[l P19 SC1Modd/ai4 __|Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz
RS-2 P20 . ! . ]

SC1Mod4/ais Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5 kHz
55 P21 SC1Modd/ai6 | Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz
Ku3 Tco . ! . ]

SC1Mod4/ai7 Gas (Wall) K-Type Thermocouple TC-Direct 1100°C | Condition None 5 kHz
kua #N/A SC1Modd/aig (surface) K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz
KUG Tcs . ) ! . "

SC1Mod4/ai9 (kulite body) | K-Type Thermocouple TC-Direct 1100°C | Condition None 5 kHz

SC1Mod4/ai10 surface K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz
pitot TC1 /o . N } . . " .

SC1Mod4/ai1l (kulite body) | K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz

SC1Mod4/ai12 (surface) K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz

SC1Mod4/ai13 (kulite body) | K-Type Thermocouple TC-Direct 1100°C | Condition None 5kHz

SC1Mod4/ail4 (surface) K-Type Thermocouple TC-Direct 1100°C Conditi None 5 kHz
lonisation Probe SC1Mod4/ai15 (pitot) K-Type Thermocouple TC-Direct 1100°C__|Conditi None 5khz

Pressure Transducer SC1Mod1/ai0 Pressure Kulite 100 kHz
Thermocouple SC1Mod1/ail Pressure Kulite 100 kHz
Optical Probe | | SC1Mod1/ai2 Pressure XTEH-10L-190M-50BARA Kulite 0-100 mV. 100 kHz

SC1Mod1/ai3 Pressure Kulite 100 kHz

SC1Mod1/ai4 Pressure Kulite 100 kHz

SC1Mod1/ai5 Pressure Kulite 100 kHz

|scimod1/ai6 __|pressure Kulite 100 kHz

SC1Mod1/ai7 Pressure Kulite 100 kHz

PXI Slot3/ai0 Pressure 113824 PCB 68 bar 05V 20-30V 1 MHz

PB2 PXle Pressure 113B25 PCB 68 bar 05V 20-30V 1 MHz




Date 14 April 2015 General Comments: (weather, rig configuration)
Time 15:11 Weather: Fool b.ut sunny and dry.
Tube configuration:
Test Number 36 4 x 3m tube sections
igniter 250mm from beginning of tube section
Mixture Composition 40%H2/60% CHA Test with 15 rows of congestion (row 8 on central flange with 7 rows projecting upstream into tube 2 and 7
rows projecting downstream into tube 3. The first test of this new mixture. Combustion event is fairly weak
Ambient Temperature 8 oC with a peak pressure of 416 mbar. Prior to this test, the IPs sensor tips were treated to a blowtorch treatment
raising them to yellow heat to attempt to remove any residual moisture. This was found in pre-checks to
Ambient Pressure 975 mbar greatly improve their sharpness of performance. The results for this combustion test confirm this, with many
more giving good flame transition signatures. The flame speeds are modest (~*200 m/s at the exit) but iit is also
Wind Speed 0m/s clear from th arrival times that the flame propagation is complex with arrival times at some of the locations
being out of the expected sequence.
Wind direction
Relative Humidity 65.00%
Equivalence Ratio 0.65
Headlines

Max overpressure
| 416 |mbar

Mass Flow
| ke

Max. flame speed Max. temperature

[ionisation probes]

Initial Temperature
[optical probes]



Location of igniter mm

Time of ignition

1.16106|seconds

OPO NS2-5 5250 1.2448 59.7
OoP1 NS3-5 8250 1.2617 177.5
OP2 NS4-2 9750 1.2699 182.9
oP3 NS4-5 11250 1.2767 220.6
OP4 0 #N/A
OP5 0 #N/A
250.0
Ignitor position
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Location of igniter mm

Time of ignition

1.16106|seconds

350.0
IP Number Location label | Data Name Position in tube Flame arrival time (s) Avg Flame speed from last
(mm) sensor (m/s)

REF #N/A Flameion_0 #N/A
IP1 FS1-6 Flameion_1 2750 NS 300.0
1P2 FS2-3 Flameion_2 4250 1.2434 48.6
IP3 R1-1 Flameion_3 4750 NS
1P4 R1-2 Flameion_4 4750 NS
IPS R1-3 Flameion_5 4750 NS 250.0
IP6 FS2-6 Flameion_6 5750 1.2489 272.7
IP7 R2-1 Flameion_7 6000 NS =
1P8 R2-2 Flameion_8 6000 NS %

2
IP9 R2-3 Flameion_9 6000 NS oo
P10 FS3-4 Flameion_10 7750 1.2577 227.3 g
P11 R3-1 Flameion_11 7250 1.2546 161.3 E
P12 R3-2 Flameion_12 7250 1.2561 312.5
P13 R3-3 Flameion_13 7250 1.2561 312.5 150.0
IP14 FS3-6 Flameion_14 8750 1.2670 107.5
IP15 R4-1 Flameion_15 9250 1.2706 138.9
IP16 R4-2 Flameion_16 9250 1.2665
RN R4-3 Flameion_17 9250 NS 100.0
P18 FS4-2 Flameion_18 9750 1.2708 263.2
R R5-1 Flameion_19 10750 1.2633
1P20 R5-2 Flameion_20 10750 NS
1P21 R5-3 Flameion_21 10750 NN 204.1 50.0
1P22 FS4-5 Flameion_22 11250 1.2591
1P23 FS4-6 Flameion_23 11750 1.2796 256.4

0.0
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*227.3
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Position in tube [mm]



Location of igniter mm

KUO NS3-6 8750 410
KU1 0 #N/A
KU2 0 #N/A
KU3 NS2-3 4250 156
KU4 0 #N/A
KUS NS3-4 7750 387
KU6 NS3-1 6250 293
KU7 NS4-6 11750 416
PB1 TS3-6 8750 440 PCB = 440 mbar
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Location of igniter mm

TCO NS1-3 1250 989
TC1 NS1-5 2250 936
TC2 NS2-2 3750 897
TC3 NS1-4 1750 991
TC4 NS1-6 2750 900
TC5 Ku6 #N/A

TC6 NS3-2 6750 723
TC15 NS4-3 10250 500

Ignitor position
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