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Investigation the control of the basic thermal environment of multistage
launch vehicle at high altitude flight
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Abstract: The basic thermal environment of one-engine and four-engine multi-stage liquid launch
vehicles has been systematically investigated and the feasibility of the nitrogen injection thermal protection
method at the rocket base has been verified by numerical simulation. Based on multi-component Navier-
Stokes equation, k-& equation turbulence model and thermal radiation equation, the control equations were
discretized using AUSM format to establish a plume model for high altitude supersonic flight launch
vehicles. The plume flow field and heating rate of the launch vehicle at different altitudes were calculated
using the blocked gird construction method, and the numerical results were compared with flight
experiments to verify the feasibility of the calculation method. Study showed that at low altitudes,
convection heating rate is dominant, with a peak at 30 km; at high altitudes, radiation heating rate is
dominant, with a peak at 110 km; at the same time, the nitrogen injection device can effectively suppress
gas backflow and reduce convection heating rate at the rocket base, but the selection of the right number of

spouts and total injection pressure is extremely important.
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Fig. 3 Contour of Mach number of the C1 rocket at different altitudes
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Fig. 4 Contour of temperature of the C1 rocket at different altitudes

23 FEIBETH®RES T

5 g —2Ram 3RS ) 8 BT B 5 JIE X
iR RN S R = IR, NI R LA 7R R
FY e BEN 5 km I A9 0 3 PRGAE Fe /), 30 ke B A X
T e K, 5~40 km X GR LD T T E R
REMCA SRR o ORI RCTH B X i B F2 2 Az SRRl
T RE R, — 5 T, B RAT R R I, SR
SR B, TR B K AR R, 4 48 W RIS
H A Ok T 22 Y [ VAE, PRI RS X AR R T
— 7T, B G TRAT R B S, R R BRSO i
G T, 2 0 ) 5 A VS R AT, P O
JRRH I TR DR D o R A R B AT, S Y 1]

O/(kW/m?)
M 700

Tt M) A Tt R AR A R T, PR I X i A 2
U b T A B, A R B AR I, A IS
P4 [ S 52 W) /N T R . R 50 140 5 Wi, AT ahb %o J A
R IR A [RIET, 10 km A0 A 4R S A
T E A, 40 ke A (4 B8 SR AT A R, A SRR )
TSRS TE A B, (E R AH BT X I AR,
5 SR AL B T A e B AR AR DA I A

Kl 6 2 — 9 0a 2K HT AEAS R v BE T 00 JRS 6T
D FAUI R S P o~ L, T LA 120 km AR A9 %)
it B e/, 110 km Ab (9 X6 3 #0 fe K, (HJR AN
[F] e B T AR A A IF A . [T, 110 km Ab 1Y)
RS HGR AR, 120 km A A4 58 S HGR B/ o

H=10 km H=30 km H=40 km
(a) XTI
O/(kW/m?) k
W 200 as
~ ’
100 -
: V"l.w)
H=5 km H=10 km H=30 km H=40 km
(b) 4maT AR

5 — G EEA ] i T R X R AR AR S =
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Fig. 6 Contour of convection and radiation heating rate of the C2 rocket base at different altitudes
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