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One-dimensional analysis of shock movement

caused by combustion in ramjet

YAO Zhao-hui, WU Bao-yuan, LIANG Jun-long
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract: The mechanism of normal shock movement due to fuel injecting combustion in ramjet
burner is analyzed in this paper. By one-dimensional shock wave automatic capturing method, a
one-dimensional simulation model was built to analyze the impact of the fuel-air equivalence ratio on
the location of the normal shock wave motion in ramjet duct. It is drawn by the simulation results that
the normal shock moves upstream at the reversed flow direction in the case of an increase of the
fuel-air equivalence ratio; the higher the fuel-air equivalence ratio is, the nearer the normal shock
wave approaches to the inlet throat; the distance between the normal shock wave and the inlet throat
is shortest when the fuel-air equivalence ratio reaches to a certain extent, (however, the normal shock
wave never exceeds the inlet throat); the normal shock wave moves back to the downstream when the
fuel-air equivalence ratio is further increased. It is concluded by further analysis that additional atten-

tion must be paid to the flow channel and combustion in ramjet design to determine the location of the
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normal shock wave in duct. The results and conclusions in the paper can be referenced in ramjet de-

sign.

Keywords: ramjet; mechanical chocking; back pressure combustion; moving normal shock; surge
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Fig.1 A sketch for ramjet flow duct and shock motion
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Fig. 2 Mach number and total pressure recovery coefficient at

throat lip versus incoming airflow Mach number
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Fig. 3 Dynamic response of main flow parameters in solving process

Fa4ift—FH B TE-MRE-ZKYEL
WAEMT, NRERSREE EFERISEN
—# RS mEdE, HPE 4 (a) HEH
B —# M, 4 (b) hEERE—4
J5Ia B A , WINE B AR R A T —4E 5 1 Y
TENER., 44583 d) 4%, R4
AR, EVIIRESRG T, EEEMTHRE S

M4k, ThBhE S & s H T — 47 B9 A BE G =4
R —4E B PR A R — SRS FEE
P -Z SRR, RSB aER—NE
KEREK, MSHEhERERRTREALS
B, ERE SR A FOR MR . XBLRIE
P ipe e B T ) S RURRAE o IESMIEAT S B9 Bh 240
G 53 3L R P T — L B AL RO P — HE Bl



%39 3% 2 1

BREREE, . WERSIWUREET EMBGE SR 4T

57

M

BEE BRI -2 SOY R LR — 2R, B
Yok bR AR E M E. BT
AR EAH BT EMBERX —E 3%
fiE, B, BMEYHA0E SR 2 &R ERT
EMBARAE FHERE T o, By &k
#, XERH, ERDILKRITEARL 21,
NS HH B B A R T M 2 T 3 B e

(a) THAF%L

4 ZitE5RE

ASCoT T wp R SIHLRREET | R N FE N IE
Bz s oLE, BT e, W —
HPEHE, MR T IEREAENTEANKEZ
3, e

1) BRBEEABASRIMES, IEBUEAL T A E
Ak, —4E RS E R B AL o

2) BEARIFE L KRR M- HR
B, B BLE S E BB L LT B
W-Z SRR, U IE W R R R
i MR- YR R 17 0, IERER
B SEMEROL, HIFRMENE; H—H
FpRih-as YR, WIEBBOT R T ifF R

3) MHERFHLRIE RRPeH AT A
PR B B gl i 2 SEMRAE

MIBLR; AR SINLCAE/ENG il RS, BAA
BORIIPERE. WTITSEBL T #EUE R AT R RE )
R b SR B A DU AC

FILAR, WRBGTARHE, MR SR
RSB RIS B T EN R
ey, IESBBORE B MR IE AT BUANAR S B T
A TAERSHERAERNRIRAS . XER
TR B

14. 50

13. 00
=

(b) FHIEL
B4 AREPRMIET RSB -—HRS

Fig. 4 One-dimension steady state distribution of main flow parameters at different fuel-air equivalence ratio
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