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Abstract: In order to prevent the heat transfer deterioration phenomenon in thermal protection of aero en-
gine, an experimental investigation on heat transfer of RP-3 aviation kerosene in a vertical upward circular tube
under supercritical pressures was conducted. Effects of the operating parameters, including the heat flux, inlet
pressure and inlet temperature, on heat transfer deterioration were studied. The characteristics of heat transfer de-
terioration were explored, and the criterion for initial condition of heat transfer deterioration was obtained. Fur-
thermore, the effects of buoyancy and thermal acceleration on heat transfer deterioration were analyzed. The new
determination criterions for buoyancy and thermal acceleration applied to aviation kerosene were established, the
heat transfer correlation considering the effects of both was developed. Results indicate that the heat transfer dete-
rioration of aviation kerosene occurs in the condition of Nu/Nuy<0.5, based on which, it is found that the heat
transfer deterioration phenomenon appears when the buoyancy factor Bu>1.6xX107° or the thermal acceleration fac-
tor Ac>3.3X107%. The heat transfer correlation takes into account the effects of buoyancy and thermal acceleration ,
and has high prediction accuracy.

Key words: Supercritical pressure; Aviation kerosene; Heat transfer deterioration; Buoyancy; Thermal

* WFRHEEA: 2019-01-01; fEITHHE: 2019-03-01,
HEEWHE: HEAARRFEES (51576027); ARILHE I RAM LR s1E4 (BS]XM-2017205) .
BRES. L2, M, JRm, SRRy @i R i EURRHME AL BT, E-mail: wangyh.526@163.com
IRt E24, 305 IR SRS AU Bl BB EN ()], HEREEOR , 2019, 40(11):2528-2536.  (WANG
Yan—hong, LI Su~fen. Criterion for Heat Transfer Deterioration of Aviation Kerosene under Supercritical Pressures [Jl.

Journal of Propulsion Technology, 2019, 40(11):2528-2536.)



a0k 11l

IR ST 07 U0 2 il e A A a0 i) o ) 2529

acceleration; Criterion

1 3l

R 28 =T e A B9 BT O 58 BIM s BTG
FU 3 il X A5 ST Ve A, AT LUAT R R S
AL ool A8 A BBy 4 e Rl T s R AR TR
o T G TR T, B R R A A A AR G A B
G RIS B A IE AT A R AN R 2 R A
BIF 5 A0 2 it (e SR ) 1) Il A2 8 ot R X 48t 4
PR A HEEE L

FURI &1 X i i 5 T g B 00Ok 1% 2408 A /4 F
FEA—E MRl OF58 kB, HAL POE A 5 3
838 7 5 1 58 3T i 4R 0 MRS BT, 5 3 BE R AR
JEE 5 DL S 5 B ) R G % DD G HR . Hua
SR A AR G T A S M R R S A
FHT AL POGEAC IS 1M Zhang %' Dang %I
T BE R A S RE T FETI R T A PGB S . Liu
SFE AL AR S A W I R A BB AL I T A
BLUBR a8 7 T+ 7 H0 R T 2500 A 2 1 3G A Y O i
JECRRIIS AT A G Y i T A A 4
T3 BE A T X A PGE AL B R e BLR L R T
J2 T R AR 0 AR B AL OB AL B SR IR o Zhang BF1
Deng %12 27 17 T+ 3 RN BT 4 BB 5 R . i
ORI TE T 3 AR R A T 32 A X R A
BT TF TH 3 0 B0 38 0T $he R B 52 i KA R LA 22
Liu 55 E & S B R W R T 51 R 1L R
UL 80 2 A R A POB AR B TR, B £SE RS 1Y
PE o oot A5 X AE T BT U AR AENY R AN
IO T U S 5 A e B B BT R B
G e RN B N R DRSS A S B =1/ B S R
L gl FE T Iy R TS Sl O AR TR AT A
Pl Z T8 AR A2 TR, W55 14 N B i R o 1)
U Bl ) TE A AR B o Wen SER Y B 5E R B, AKCOF- B
B LS B R T 0 ST R U W T A 1)
WM EER AR S A AR . FudER REE A
FE TR I R B TR W T g X A
A B R e A7 ARG B B R R AR B T E B
PR3 KA ek . 258 Tk, ik Se i 58 S 3 1 X
I 5 T 3 Tk SRR A 3G A BB R A ) R A
R A PG AR IR 2% 1 1 22 S o DU 3 T O AN B
AR 51 1 PO Al B e eI B AR AR 2
A — S Ak A A S BF S IR AR R Bk
ity ZANTE

T

AR SCO6H E E B T B A PN I B TR 7 RP=3 i S
B B L POBALTT I TSR0 9T . B Tisf1 35
XL BRGEAL S R 4R T B SRS PO R R
U 25 AR ) 4 S TR B I TR 0 A B g IR T g
26 7 1 AR A W S, DT ST TR B T )
N T 5 e A S0 D) 2% 2 A A AR S B T e A
TN, A0 O AR AT D 2 =i e AR eI Alis 47 e ik B
BT

2 KRG SHIELE

2.1 ZWERYG

B8 T ik UK R = I i R I sl 4 S0 50 R
G5 A IS AR 25 08 M s R T 28 4 U 2R X E Ui i TR
Ji o 28 A G A T O ARG B 0.5% ) W 4k i ik, i#F A f
N5 A B P T AR B R SR B B X 3 o 52 T AR
R U i B R A X A5 T B A, SR T 4 3R
B SRR . TR BRI S G Bk VIR R S G B
Jita I AR T AR A5 R I T A, B B e A L g 2 ()
R E 0.1%) AU 6 (W = RS BE 0.1% ) 1T 5345
), SCR B A E R BT S, AR 1.8mm,
AN R 2.2mm , BAK BE SR 700mm ., 7E AT 1AL 34 A
K A e B ) I SRS 0.6% ) TN I R SR
T 778 2 g (K5 B2 0.15% ) I &gk 1% . gt
04 A BEY) R 100mm . 38 i JE 22 48 26 g% (I &
KB 0.15% ) D o S 36 Beafk i 11 e 25 0 w1 [] 500mm £
SR B, A FE A E 20 S ELAR M 0.1mm (1 K B ER 4% -
S R A (I K JE 0.6% ) TR RESR . SRG B O
T 2 B W AR R D B R IR &8 R RO (B9
R o H R IR T O RR BRI A R A g R Y 8
B B AR R R SC B, S I Ak M R B SR R S
LK.

BEE AN 5256 S 5

Heat exchanger

=
W

Outlet

Supply
tank

Back-pressure }.,
value

Value
Electric
source

Pressure-drop

Filter sensor

Filter

Flowmeter

Pressure
Pump sensor

Return tank

(1. Preheater section; 2. Test section)

Fig. 1 Schematic diagram of the experimental system
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Fig. 2 Thermo-physical properties variations with

temperature under supercritical pressures
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Fig. 3 Inner wall and bulk fluid temperature distributions

along the flow direction
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