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Rocket Nozzle Flow Separation Position Control

By Tetsuji NARASAKI, Sachio OGIWARA
and Shoichi YOSHIHARA

ABSTRACT

A rocket engine with a nozzle with a large expansion ratio generates a high magnitude of
thrust at high altitude, but at low altitude, the nozzle pressure becomes overexpanded and the
thrust decreases considerably.

For maintaining an optimum value of thrust in a wide range of altitude, a flow separation
position control system is available. Using the system, the problem of overexpanded nozzle area
decreases and optimum thrust value is maintained at low altitude.

The computations of thrust coefficients of nozzles with the flow separation position control
system are presented and the effects are shown in figures.
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FACOM 230-75 M7 FORTRAN-IV H COMPILER (OPTO) SOUCE PROGRAM LIST

ST-NO SOUCE PROGRAM

C FLOW-2

C CONICAL ROCKET NOZZLE PERFORMANCE UNDER FLOW SEPARATION CONTROL

C EE, PC, AK, AT, PA, PS, ES, E95, PR, F
DIMENSION EE(50),PS(50),PA(50),AK(50),PC(50)
READ(5,101}KM, JM,MM, IM, LM, AT

101 FORMAT(5110,1F12.5)
READ(5,120) (PS(K),K=1,KM)

120 FORMAT(6F12.5) .
READ(5,130) (PA(J),J=1,JM)

130 FORMAT(6F12.5)
READ(5,140) (PC(M),M=1,MM)

140 FORMAT(6F12.5)
READ(5,150) (EE(I),I=1,IM)

150 FORMAT(6F12.5)
READ(5,160) (AK(L),L=1,LM)

160 FORMAT(6F12.5)
DO 100 M=1,MM
DO 90 L=1,LM
DO 80 I=1,IM
WRITE(6,105) 1,PC(M),EE(1),AK(L)

105 FORMAT( 1H1/10X,2HI1=,12,5X,3HPC=,F5.1,5X, 3HEE=,F5.1,5X, 3HAK=,F5. 2)
WRITE(6,103)

103 FORMAT( 1HO, 5X, 1HF, 6X, 2HCF, 7X, SHPC/PA, 5X, 5HPA(J), 5X, 5HPS(K), 5X,

12HES, 5X, 3HE95, 5X, 1HK, 4X, 1HJ/)

DO 70 K=1,KM

DO 50 J=1,JM

E1=( (AK(L)+1.0)/2.0)%*(1.0/(AK(L)-1.0))*(PS(K)/PC(M))**(1.0/AK(L))
E2=( (AK(L)+1.0)/(AK(L)-1.0))*(1.0-((PS(K)/PC(M))**( (AK(L)-1.0)/
1AK(L))))

E3=SQRT(E2)

E4=E1%E3

ES=1.0/E4

EEE=EE(1)-0.1%EE(1)

IF(ES.GT.EEE) GO TO 80

IF(PS(K).GT.PA(J)) GO TO 70

E95=ES+0.1%ES
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AS=AT*ES

AE=AT*EE(1)

A95=AT*E95

B1=2.0%AK(L)*%2.0/(AK(L)-1.0)%(2.0/(AK(L)+1.0))**%( (AK(L)+1.0)/

1(AK(L)-1.0)

B2=1.0-(PS(K)/PC(M) )} *x( {AK(L)-1.0)AK(L))

B3=PS(K)/PC(M) *ES

CFS=SQRT{B1%*B2)+B3

F1=PC(M) *AT*CFS

F2=0.55%(PS(K)+0.90%PA(J) )*{A95-AS)

F3=(0.975%A954+0.025%AE)*PA(J)

F=F1+F2-F3

CF=F/( AT¥PC(M))

PR=PC(M)/PA(J)

WRITE(6,110) F,CF,PR,PA(J),PS(K),ES,E95,K,J
110 FORMAT(1H ,1F8.1,1F8.3,1F10.1,2F10.3, 2F8.2, 215)
50 CONTINUE
70 CONTINUE
80 CONTINUE
90 CONTINUE
100 CONT INUE

STOP

END
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