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Compatibility Assessment of Copper Alloy and Hydrocarbon
Fuel for Regeneratively Cooled Combustion Chamber

Byoungjik Lim* - Jonggyu Kim* - Dong-Hyuk Kang* . Hong-Jip Kim* - Hui-Tae Kim* - Yeoungmin Han*

ABSTRACT

In the regeneratively cooled combustion chambers using hydrocarbon fuels, coking occurs as the wall
temperature increases which generates compounds deposition on the wall. This phenomenon reduces
cooling capability of the coolant, finally it can cause damage to combustor by overheating of chamber
wall. In this paper electrical heating equipment which is used for the coking experiments and the test
results are introduced. The compatibilities of copper alloy with Jet A-1 were assessed at each condition

based on the test results.
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Fig. 1 Schematic of Regenerative Cooling System[1]
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Table 1 Specification of Hydrocarbon Fuel

Requirement RP-1 RG-1 Jet A-1
o . 0.799-0.815 | 0.830-0.836 | 0.775-0.840
Specific Gravity a15¢ @t a15¢
Sulfur
(total wt%, max.) 005 001 03
I\/(l‘(’evrtcoz?’t;anlzil)ﬂfur 0.005 none allowed 0.003
Aromatics (max.) 5.0 vol% 50 mass% | 25.0 vol%
Olefins (max.) 2.0 vol%
Naphalenes (max.) 3.0 vol%
Kinematic Viscosity | max165 |min25 @0T| max$
(CS, mm‘/s) @34T |min25 @40T| @207T
Net Heat of . . " .
Combustion(M]/kg) min. 43.0 min. 42.9 min. 42.8
Initial Boiling Point - min. 19T
10% recovered| 185-210T | max. 210C | max. 206T
50% recovered max. 235C
90% recovered - max. 260C
Evap. End Point max. 274T | max. 270C | max. 300T
Flash Point min. 43T 60C min. 38°C
Freezing Point max. -37.8T | max. -60C |max. -439C

* Value of T-1 (Russian Aviation Fuel)
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Fig. 2 Schematic and Photos of Test Facility
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Fig. 4 Schematic for Calculation of Steady State
Temperature of Coolant and Copper Alloy
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Table 2 Results of Preliminary Tests

Heat Design Experiment .
No.| Flux' | Flow | ATco' | Flow | ATco' I?Il(f)f
MW/m" | rager K) | rate* | (K)
1 0.051 0.7 3.30 03 04
2| 0200 3.60 29 3.36 21 0.8
3 1.285 182 339 | 146 36
4 0.206 22 458 19 0.3
51 0822 | 480 8.6 4.60 73 13
6 | 1850 186 | 479 | 166 20
7 | 0206 17 5.97 1.0 0.7
8 1.285 60 103 6.00 81 22
9 3.289 261 606 | 222 39
10 | 4349 346 | 607 | 293 53

* Dimension : liter/min
1 Difference of the steady state from initial state of Tc,o
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Table 3 Test Results — Mean Value (using Jet A-1)
Calculation . Heat Flux
Total .
No. | Specimen ggt‘g Test | (Initial Temp. 283 K) Experiment (MW/m?) Deposit
. : . | Durati ~ - .
liter/min | =X Agl AgZ A%C T}? Ml;c"? Supply |Measure|F Caton
1 6.03 120 74.9 77.0 167 | 2820 151 0.82 0.666 x
2 4.84 300 89.2 91.3 20.7 281.1 19.2 0.82 0.677 x
3 '#1 v 477 120 195.1 199.9 46.7 | 2799 49 1.85 1.591 X
4 477 600 2635 269.3 63.0 280.4 64.6 2.52 2.322 A
5 463 abt90 | 3482. | 3557 840 | 2785 89.6 3.29 3.145
6 4.66 abt65 | 3470 | 3539 835 | 280.0 82.8 3.29 2919 -
7 452 600 3544 | 3612 860 | 2842 76.1 329 | 2598 o
8 #2 445 abt.150 | 3938 | 4009 959 | 2724 91.4 363 3.076 .
9 3.85 abt.150 | 444.1 | 4519 | 1102 | 2864 926 363 2.733
10 465 abt310 | 3789 | 3876 920 | 2854 | 1078 363 3.853
11 454 600 3532 | 3600 856 | 286.0 97.3 3.29 3.378 A
12 #3 448 300 3009 | 3994 953 | 2845 | 111.2 363 3814
13 4.48 400 2055 | 2100 497 | 2910 54.4 1.85 1.839 x
14 445 600 473.3 482.0 114.3 288.9 142.6 4.35 4,949
15 4.46 700 2785 284.2 67.3 285.0 61.3 252 2.055 A
16 #4 4.36 700 3635 370.2 89.1 282.7 849 3.29 2.808 A
17 4.26 700 4080 | 4163 1001 { 2795 | 1002 363 3.252 A

X

>

* no indication of coking

. impossible to identify

. light indication of coking @ : apparent indication of coking
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Table 4 Decrease of Tc,0 and Heat Flux
2
Test Tc,0 (K) Heat Flux (MW/m")
No. max. | min. | max. | min. |ratio,%| rate*
4 | 3463 | 3443 | 2358 | 2.287 3.00 | 0.85
7 | 3653 | 3533 | 2.786 | 2338 | 16.06 | 3.52
11 | 384.2 | 382.7 | 3.428 | 3.318 321 | 0.85
15 | 348.0 | 3446 | 2.073 | 1985 423 | 0.64
16 | 369.1 | 366.1 | 2.875 | 2.737 4.83 1.05
17 | 380.0 | 378.0 | 3.332 | 3.166 499 | 1.60
* dimension : MW/m? - h
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