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Research on Thermal Protection of Pylon in RBCC
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Abstract: Analysis of rocket jet and secondary combustion to thermal environment on pylon under high
thermal load was carried out for RBCC engine at Mach 5.5 with different operating mode and active thermal
scheme was designed. At the rocket—scramjet mode, pylon was heated by rocket plume and secondary combus-
tion whose thermal environment was the most serious which presents a trend of “high—low—high” in the direction
of flow because the protection of film formed by fuel injection. Based on rocket—scramjet working mode, compar-
ing three kinds of channel layout found that increasing number of channels and flow rate would improve cooling ef-

fect at severe highly heated parts and uniformity of temperature distribution which kept the engine work stably for

a long time. Adopting kerosene after cooling makes engine thrust increase 1.5%.
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Fig.1 Configuration and operating principle of RBCC combustor
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Table 1 Two-step kerosene kinetic model"”

Reaction B E./(J/(kg-mol))

Al(em*/(mol - s))

4C1,H»+240,=48CO+46H, 1.6x10" 0 2.2x10°
2C0+0,=2C0, 1.92x10" 0 1.03x10°
H»+1/20,=H,0 9.8x10° 0 3.1x10

Ry B IR R e = PN IACER B A BT 0 ofE R P L 3
RBCC #5825 Hh 1T B3 i 50 45 R UEAT RS0, I o Bt
AR F S HO 25 S & 3.8 1kg/s, B 1281K, B E
1.515MPa, Dy 50CR 2.1 5 KH i 2 0 0.12kg/s 5 A 1
W 0.24ke/s, M L 0.8, K3 45 1 T AU(E AL
L FT 45 1R 5 55 30 56 FR 5 TDLAS 32 38 B 5 B 1
SR BE PR L IR HEAT T R TE G MRS E , o Lo
AR K R R A AR R B B LR 15 19 X iz
MUF WA BB R 6 03RO 2O [F] ) 2]
A DEAE o DN & rp mT DA L 3 e g DA R B 43 A
oA [a] HLE B R 42230, 2R 1T 230 T3 9 4 7E 28 44 e
RSN S Y R VAR O R DG e A A
MG WAL SRR S E R IES B FE A
BRI .

3 ARSI IRE A

AR SO T o3 Ao R b, AR S R BE T R AT
o PR Ak P DL O 3T B9 AR AL . RBCC & B HIL K
7R 1R OB I B9 5K T S (A AR SR

-
O 7 O 9
o |
4 6" 8
Inlet Inlet
> <
%%%% Out T

Out "4

(b) Approximate configuration 2

Inlet

%‘b

l
%

Out 'S

(e) 3 channel configuration

Fig.2 Approximate configuration of pylon
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Fig. 3 Comparison of experiment pressure and temperature with numerical simulation
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Fig.5 Temperature comparison at different mode of pylon
wall
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Table 2 Channel parameters

Case Number Channel on Flow rate/(kg/s)
1 3 0,4,5 0.4,03,0.3
2 6 0,2,4,5,8,9 04,04,02,02,02,02
3 10 0~9 all 0.1
4 10 0~9 all 0.05
5 10 0~9 all 0.02

41 BEHRRE

M7 AT LA R [ AR R R 3 2R H1 AL
SR8 d5e Sy Y e L TE KA 3 R R L R 4 2 )
F7 76 55 K w8 T X, 3 B A 1200K LA L, B2 305 41 R
B T AE R BR (0 85 2 1671 ~ 1727K) . @ iE %R 10
B ERAR BSE TE Ve F U LN R S BORT % DA R R IX
R B T R 60K A2 AT H K 1A A F Al R A T N S8
AR SR S 0 i1 XA AE T B AR v, B R 1160K . 38
JE 6 LT DL & B, 2 ¥4 A )R B A R B AR SR G TE 2
ok /1N S B0 I NV B O A DRI T, e A R
B B A AR B PN VA BRI B s RN
MREE S 308 038 4 40 TH XE DL 58 4 7 a5 S AR 3R .
3 T 0 0 R DL G b S S AR B (AR R
HIRRH N1

B TRAT I B A AT B 48 A RO A B, XA A
T FH SR T Sk AT R UL T R A G O X A B
PRCR A M IFSE . XF L IE 8 v Case3 ~ 5 1R E 4310,
S BV H SR A B 0 AT ARG SR AR ) AR e A 8K
FL BN Tkg/s B RRE S0H T 2R B B AIK 2 800K
PLTR L H 24 37 B AR 2 200g/s 1), 5 Case3 2581, AR
SR R A R I B 3k 129K, A AR R R
SR SR B T ER IS S R) 5 RS AR Ak v A E A O R R
FHYE J0F0) BT, 1 o4 B T ARl B R v AR R T

+ Secondary
i combustion

(¢) Scramjet mode

Fig. 6 Flame at different mode



356 e o R

20184

4 5 9 2 i 0 R LA A
42 FIRAHAER

Xt SR FH 3108 B4 4 1R RE S AR T e TF 38 3= sl )
TR0~ 758 IE A OE AR HFA D, H8 E 7
WU 15g/ls, PRUF SRR B B R AR (Y 5 1 0.8 B 2
SR ST BRRL SN 120g/s) , S AR RE T IR BE 43 A L9
FE7R o VR A B0 8 (05 ) 3 40 15 B8 A%, i W 4R
— [ Y ENBE TN A s i SR T AR IR (145
25,35 )R HIA L 1E 3574 HIE 18 4K IH A7 7R
R 43 v L X (e v vl 863K, PRI Ik 52 ok 5k 2 o ] o 2
Wof AV B T 5 A 0, B o o 0 B8 A AL v b
e T A o R DX O TR Bk R IR & 450K

Case 1

Case 2 Case 3

PR ARAE SCHR G 08 E0 500 H 1 (85 A 2 9 5 3 3 i
VT,V EAN R SOHAA DX A /N 43 DX S0 B 3k #
1400K , 156 B 1 13 38 A B 75 00 05 30 5 2 BE 1, JFAH
VRN S TR AE S =R QLA IE

5.5Ma SR SRRHER FIF IR T L4 S AR R
e 5 I 55 A0 28 & UL T AB IR B ] 2D a5 HE R T
WK e SR BT i R AE B 8], A R T & s ALK e s M e
P o ASSCTRE R Y 20500 1 OE S TR 43K, 4K
{EL 3 BT ¥ 10 5 J5E 3k 0 4% e 2 P RE 52w, AL 10 R
e 5 RE TR D) 40 A v LR IR R T ORI B T o
15 55 AL AR 3G 5, B2 TR TR A be & 5 BORE A B 1
Aol 5 R T S 10 P XA PR g /0N R T M

Tempverature/K 200 367

534 700 866 1032 1200
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