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ABSTRACT

In this paper, the heat transfer characteristics of Jet A-1, which is used as a coolant and fuel
in a regeneratively cooled thrust chamber, were experimentally studied. By varying the applied
current for heating the cooling channel, the simulated specimen diameter, the specimen outlet
pressure and the coolant flow rate, the wall temperatures of the specimen and the Jet A-1
temperatures at the specimen inlet/outlet were measured. It was found that the specimen
diameter and the flow rate were important factors for the characteristics of heat transfer and the
outlet pressure did not affect the performance of heat transfer. The results of the heat transfer
experiments were compared with the previous Nusselt number empirical equations and novel

Nusselt number empirical equations were finally derived.
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d;  : Inner diameter of a specimen A7) 8 A-e Wo] dgHolnt. AA R
d,  : Outer diameter of a specimen ADK Ax7]= AW Z(regenerative cooling),
h : Convective heat transfer coefficient Y i Z}(film cooling), 88 Z}(ablative cooling),
hy, @ Convective heat transfer coefficient at Hj 2WZH(dump cooling), #5187} (transpiration
the bulk temperature cooling), HAFdZ}(radiation cooling) & H3
I : Current applied to a specimen Hog o]gsla 9,1 [1]. AAAEZFe A FZ1A
L : Length of a specimen = dad dZAxE e we &8 HHe Jz4s
m  : Mass flow rate 3 BAVIE Oﬂi)“a]i EAbE T @778
Nu : Nusselt number oA Itk de A-”IE H"F‘lo}‘” Zolm
Ny, : Experimental nusselt number Z ol AdAEEE /IUE & AU 1,2].
P,  : Kerosene bulk pressure AP ZAAE AA 2D e HAA=s i
Pouet @ Static pressure at the specimen outlet Az AEHEE FAAY dAdg 54E Lofok
P, : Prandtl number sttt ol & {8l el Be dAFAEe] AUH
q . Heat flux 7tE UAS &t dAAE WRe 34
doona : Conduction heat flux dde 545 EAR d¥e FdSATE]
doons . Convection heat flux Liang 5[4]& Dﬂ%,-:ii, =22 Azl el
27 LA SAS s, 4 A5 A=
Re  : Reynolds numb.er Mo da AZS Nu AR Aoksidc
-y Avange vaue of te outide copper 218 SPIE 20 A1 Az 2ol
China no. 3 A=Al g =2 HAP& P}
temperatures((IT1+12+T3+T4+T5+T6)/6) Gtk IZe oA 4Y ZAdAL oA ex
Ty : Kerosene bulk temperature 2xoA AT o] e P,
Tiner : Kerosene inlet temperature Nuds AdAe 23] =0 AZA AR
;«mflcf Eero.s;m.edoutlet tempe;ature S vlmEATH Wang S[6le Raw@s A
wi ot qul. -side copper wall temperature 2 ube)ol A9H2 AANNE Fol, %
Two : Outside copper wall temperature o gexy zoA mAdM AZAe AAD
v ¢ Flow veloclty 2 aTsst A4 5d AL 4Y £
1% : Voltage applied to a specimen o ZANNAG AAD Mo FAAI= A
: Dynamic viscosit
:m : T}}:ermal conduct}ilvity of the copper at & WASHAT Linne {71& Adel 5 h&_ M
the average outside wall temperature s B} 7E wE neeld brazing) el
AEE AR, A7 T e o] &3t
kip  : Thermal conductivity of kerosene at the o Jp7 dmel AAT EA3 A= kAol o
pulle temperature @ A7E FasUt AUARE 4 A7
P i Densly ARAE MTagen, AuReE Fu
£ BEsto 27 LA AFE st
.M 2 TUelM=E AR dHg, d&del] #3 A
T+ 2 zE FIHAT Park F[8]> =EHI
AAZAAR, 2AFAES} Z2 F3171%9 g7t BolA Jet A-19] ZANF EdE E4
Aarle a2, uge] Aartx=2 Qs di% of el AFEted, Jet A-19] YT 2%=b 4
°] e =2 A ==HEnh makA ALl g EA4d Fasite AS SlsAnh w3
Aol AT 5 e 9/ 72 E42 % 4D NuF BANE AAEe, 112 FPAE
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Fig. 1 Schematic of cooling channel cross section.
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Fig. 2 Schematic of the specimen.

32 A@PAA

AYAA NF=EE Fig. 3o JetAch 23
FAe A AL 2A AE, AR %—%
a9k viRa, 19sr] 3FEE, dudl,
771, ASHHE o] Fol Hrh,

14E7] FFEA dZ2% dEdolEE o
g38to] YA gYPoz AZNL sighetgon,
Al Ads S UEWEE HXAste] {7F
I @Ad e AeEle hEe Z%d_é}%lt}
Al| A/l A A (Sensys, PSH)9F =
AAE wfAste] AR 4 8 =9 %‘s}g
AZstA o, A| Ao AX" EW fEA
(Kometer, NK-250)¢} 2=AME o] &3}
| Ry fEE AY fEFoE etk

o> 2 mx v
A=Y

zdd mgt AEE A ARNLS 257}
Fobd Ad &3E JhesAdel A7) Wil

= EE YHseE duIUE AMESHY 2
@$E 3 AR deRIR AFHESR St
Aol AAEO e BEL AY =F v
o7t AE LAEr] ) FHE FHI A3
Z2g AR den, 1L ALY fF=
=2

sk Wl s WAty s dAF UFe] 7]

el = fﬂxl(purge) WBE dojFo] AlH
)_fl_

7tz 98 AHER AR7I220 V, 3HE
) 5000 A x 10 V (50 kW)Z Al# el 7} =]
T ARE F5oE 2E3AT 7 A AV

Rectifier

& Pressure transducer
® Theromocouple
N2 Purge supply

OuFIet T T T T T T InITet %
O Tetmedmen O

Heat Exchanger Air pressure supply
v

Drain tank E] Kerosene tank
pe—
Pump

Fig. 3 Simplified electrical heat transfer test apparatus.
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Table 1. Experimental condition.

Test fluid Jet A-1
d; [mm] 1.6 2.0 24
v [m/s] 10 20 10 20 10 20
Pouner [bar] 30, 50 30, 50 30, 50 30
I [A] 500 - 2000 | 500 - 3000 | 500 - 2000 | 1000 - 3000 | 500 - 2000 | 1000 - 3000
V V] 03 -13 02-19 03 -15 05 -22 03 - 16 06 - 25
470 470
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Fig. 4 Specimen wall and kerosene temperature distribution with time at of = 20 mm, v = 20 m/s, / = 2000 A, and

Pouer = (@ 30 bar and (b) 50 bar.
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Fig. 5 Specimen wall and kerosene temperature distribution with time at of = 20 mm, v = 20 m/s, Poue = 30 bar,

and / = (a) 1500 A and (b) 3000 A.

620
F == T ——a—= T
570 :— 7 —e outlet
[ ———— T3
520 | T4
Foo T5
[ T6
a0k
 r
= 420 -
30|
320 F

sro b ?‘i‘?“?"? I I el
Time [s]

(a

100 150 200

620
F === T ——a—— T
570 :— 7 —e outlet
[ ———— T3
520 T4
o T5
[ T6
a0k
 r
F a0f
30|
saof 77 4\
: N \}
270 NS U= s WS ans A an e = e
0 30 60 90 120 150 180
Time [s]
()

Fig. 6 Specimen wall and kerosene temperature distribution with time at @ = 20 mm, Poue = 50 bar, / = 2000 A,

v =(a) 10 m/s, and (b) 20 nvs.
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