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% EXEET®DOI-HD ALGOL

begin comment This program is used for the design of hypersonic nozzle

integer I, J, K, N, S;

real T, RAD, MB, MC, HCA, PSIA, DTHETA, WPB, WB, XB, WPC, WC, XC, R, WP, P,
DW, W1, WPL, Rl, DR, R2, THETA, M, FN, XBAR, CWR1. SL, SR, CWL1, CWLM, CWRM,
KLM, KRM, TL, TR, FL, FR, CWR2, YC, Q2, Q1, QC, C, W, CTM, YE;

array XR, XL, YR, YL, THETAR THETAL, WR, WL, COTMR, COTML, MR, ML, KR, KL,
QR, QL, PSIR, PSIL 11:100];

Format FORM [‘(§)’ 1 10,(5.6)14], TITLE [‘## REAL § GAS §it MB=",(2.6), ‘8§£XB=",(2.6),
‘REEMC=", " #Bt XC=",(2.6), ‘343 HCA=",(2.2), ‘484 T=",(4-1), $B4 N=",(2), ' $$8 K=", (1)),
real procedure F1(WP, T); value, WP, T, real WP, T ;

bigin real A, B;

A:=(—0.000000085x T+0.00045) XxT+1,670,; B: =(—0.000000 014 x T+90. 000 067) x T—0.011 ;
if WP<A then F1: =BXWP—B+1.0 else F1: =Bx A—B+1.0

end ;

real procedure F2(WP,T); value WP, T; real WP, T ;

begin real A,B,C,D;

A:=(—0.00000011x7+0.00055)xT+1.620;

B:=—0.0344+0.000054Xx T; C:=—0.00540.00006x 77—0.00000002xX T 1 2 ;
D:=0.003—0.000006XT; if WP<A then F2: = (BX(WP—-1.0)+CxX(WP—1.0)+DY{WP—1.0)
+1.0 else F2 : =((BX(A—1.0)+C)X(A—1.0)+D)x(A—1.0)+1.0

end ;

real procedure F3(W,T); value W, T; real W, T;

begin real A,B,C;

A:=(—0.000000085x T+0.00045)X T'+1.670; B.: =(—0.000000014 x T4-0.000 067)xX T—0.011 ;
C:=(BXxA—B+1.0)xA; if W<CthenF3: =(B—1.0+4 sgrt (B—1.0)124+4.0xBx W))/(20x Bx
W) else F3:=1.0/(AXxB—B+1.0)

end;

real procedure GI(M); value M ; real M; Gl: =sgri (60XM12/(50+M12));

real procedure G2(W); value W; real W; G2: =(5.0{(6.0—W 12))11.25;

real procedure G3(W); value W; real W; G3:=sqrt (6.0X(W {2—-1.0)/(6.0—W 1 2));

real procedure GA(W); value W; real W; G4: =sqrt (50X W +2/(6.0—W 12));

RAD: =57.2957795;

L1: Read 6 (MB,MC,HCA,T,N, K);

PSIA: =1.0—cossHCA/RAD); DTHETA :=HCA|(NX RAD);

WPB: =Gl(MB); WB: =WPBXFI(WPB, T); XB: =G2(WPB)XF2(WPB, T)[sqrt {WPB);
WPC: =GI(MC); WC: =WPCXFI(WPC,T);

XC:=XB+90 x XB x (WC—WB) x (WPB1t2—1.0)/(WPBx (6.0 (WPB x (60—WPB12) x F1
(WPB, T));

Print 8(TITLE, MB, XB, MC, XC, HCA, T, N, K);

Print string [(‘£°)118, “ X, ¢H111, ‘Y ,(‘8)111, M*,(‘8)111,6°]
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I1:=1; R:=XB; XR[I1:=R; YR[{I]:=00; THETAR[I]: =0.0: PSIR[I]:=0.0;
WRI[I1:=WB; WP:=WPB; COTMR[I]: =G3WP);
MR [I]: =arctan (1.0/COTMR[I]); P: =6.0— WP} 2;
QR [1}: =Pt 3)/(sin(THETAR[I]+MR[I)XF2(WP, T)12);
for I: =1 step 1 until N do
begin
DW:=—-2.0Xx WPXFL(WP, TYx DTHETA/(COTMR[1} XF WP, T);
W1=WR[I1+DW,; WPl:= W1xXF3(W1,T);
for J: =1 step 1 until K do
begin
Rl: =G2(WPL)XF2(WP1, T)[sqrt{ WP1);
DR: =—(RXCOTMR[I1+RI X G3(WP1))x DTHETR[2.0 ;

R2: =R+ DR;

DW : =(R2—R1)XWP1IX(6.0—WP112)XFI(WP1, T)|BO0XRILX(WP1142—10)xF2(WP
L1);

W1:=WI14+DW,; WP1:=W1xXF3W1,T)

end;

R: =G2(WP1) X F2(WP1, T)/sqgrt (WP1); THETAR [I41]: =THETAR [I1+DTHETA;
XR[I4+1]: =RX cos(THETAR [I+1]); YR 1I+1I1: =RX sin (THETAR [I+1]);
PSIR[I+1]: =10—cos(IXDTHETA); WR{I+11:=W1; WP:=WP1:
COTMR [I[+1}: =G3(WP1); MR [I+1] : = arctan (1.0]COTMR[I+1]);
KR [I+1]: =sin(MR[I+1])/R; P: =60—WP12;
QR[I+1]1: =Pt 3/(sin (THETAR [I+1]+MR[I+ 11 x F2(WP, T) 1 2)
end;
XR[100]: =XR[N+1]; YR[100] : =YR [N+1]; THETAR][100): =THETAR [N+1];
THETA: =RADXTHETAR[100]; M: =G4 WP);
Print 4 (FORM, XR (100}, YR [100], M, THETA); Feed (1);
FN:=1.0/float (N); S: =1; XBAR: =FN;
L2: for I: =1 step 1 until 100 do
begin
XL{Il=XRI[I); YL{I1:=YR[I]; THETALI[I] : =THETAR[I];
WLI[I):=WRI[I];PSIL[I]:=PSIR[I]; COTML [I]:=COTMR[R];
KL[I1:=KR[I], QL[I):=QR[];ML[I)l:=MR|[I]
end;
I1:=1; XR[1]:=XB+(XC—XB)xXBAR; YRI[I]:=00; THETAR[I]: =00;
WR I} : =WB+(WC—WB)X((XBAR—3.0)x XBAR+3.0)x XBAR;
WP:=WRI[IIxF3WRI[I], T); COTMR [I]: =G3(WP);
CWR1:=COTMR [I1/WR[I]; MR[I]: = arctan (1.0/COTMR [1]);
P:=60—WPt2; QRI]: =Pt 3/(sin(THETAR [I1+MR{IDNXF2(WP,T)t2); PSIR[I]:=00;
L3: SL:=THETAL [I1+ML[I]); SR: =THETAR[I] —MR{I];
CWLY1: =COTML [IN|WL[I]1,CWLM:=CWL1; CWRM: =CWR1;
KLM:=KL{I); KRM:=KR[Il; J:=1;
ITER:TL = tan(SL); TR: =tan(SR);
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XR[U+1]:=(YRU)-YL [I]—XR[IIX TR+ XL [I1x TL)(TL—-TR);
YR[I+1): =YL{I]H+(XRI+1]1—XL{I1)XTL;
if YR[I]1=0 then
begin
WR[I+1] : =(CWLMxX WL [I1+CWRMX WR [I/(CWLM+CWRM);
THETRA [I+1] : =CWLM x(WR [I+1]—WLI[I])/2.0
end else
begin
FL:=(YR[I+11-YL [I1)xKLM| sin(SL); FR: =(YR [I+1]—YR[I])x KRM/ sin (SR) ; .
WR [I+1]:=(THETAR [I1—THETAL {I1+CWLMx WL [I] +CWRMx WR[I]+FL+FR)|
(CWLM+CWRM);
THETAR[I+1) :=THETAL [I1+CWLMX(WR [I+1]—-WL[I])—FL
end;
WP1: =WRI[I+11XF3WR[I+1], T); COTMR [I4+1] : =G3(WP1);
MR[I+1] : =arctan (1.0/COTMR [I+1]); CWR2 : =COTMR[I+11/WR [I+1];
KR {I+1]: = sin(THETAR [I+1] X sin (MR [I4+1])]YR[I+1] ;
if J<K then
begin
SL:=(THETAL [I1+THETAR [I+1]+ML [I]1+MR[I+1]1)/20;
SR: =(THETAR[IJ4 THETAR [I+1]—-MRU1—MR[I+1])/2.0;
CWLM: =(CWL1+CWR2)/2.0; CWRM : =(CWR1+CWR2)/2.0;
KLM: =(KLU14 KR [I+1])/2.0;, KRM : =(KR[I]1+KR[I+11)[20; J:=]+1; go to ITER
end; -
P=60—-WP11t2; QRII+1]: =P13/(sin(THETAR [U+11+MR[I4+1])XF2(WPI, T) 1 2);
PSIR [I4+1] : =PSIL [ITH+(YR[I+1)—YL [IIXQL [I1x (20X YL[I1+ YR [I+1}) X QR [I+11 X(YL
[I14+2.0x YR[I+1]))]750.0;
PSIR[I+1] <PSIA then
begin
I:=I+1; CWRL:=CWR2; WP:=WP1; go to L3
end;
DY : =(YR[I+11+YRI)X(YR[I+1]—YR[I})X(PSIA—PSIR[ID|(PSIR[I+1]—PSIR [I]);
YC: =sqrt (YR[IIXYR[I}+DY); Q2:=P1 3/(sin (MR[I+1]1—THETAR[I+1])x F2(WP1,T) 1 2);
P:=60—WP12; Q1: =Pt 3/(sin (MR[I}—THETR[I))xF2(WP, T)12);
QC: =Q1+H(Q2— Q)X (YC—YRUID/(YR[I+11-YR[I]);
YR[100] : =sqrt(YR[I]1 X YR[I]+(DY x(Q1+Q2)/(Q1+Q0C)) ;
C: =(YR[99)—YRUIDIYR{I+11—YR[I]);
XR[100] : =XR[I]1+XR[I+1]1—XR[I])XC;
THETARI[100] : =THETAR[I)14+(THETAR[I+11-THETAR[I1)xC;
THETA: =RADXTHETARI[100]; W.: =WRUI]1+(WR[I+1]1—WR[I])xC;
WP: =WXF3W,T); M=G4(WP);
Print 4 (FORM, XR{100}, YR[100], M, THETA);
Sor J: =1 step 1 until K do
begin
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TL : = tan (THETAL{[100] +THETAR[100])/2.0) ;
YR[100] : =(YL[100] X TR—YR[I1 X TL+(XR[I1—-XL[1001)X TRX TL)(TR—TL);
C:=(YR[100]—YR[I]/(YR[I+1]—YR[I]);
THETAR[100] := THETAR[I1+(THETAR[I+1)—-THETAR[I])xC
end;
XR[100] : =XRI]+(XRI+1]1—XR[I1)XC; W:=WRUI]14+(WR[I+1]1—-WR[I])xXC;
WP:=WXF3W,T); M=GA(WP); THETA: =RADXTHETAR[100] ;
Print 4 (FORM, XR1100], YR[100], M, THETA); Feed (1);
if SL1 then
begin
XBAR: =XBAR+FN; if XBAR<1.0 then go to L2 else go to L4
end;
XBAR: =XBAR+FN ; if XBARS(1.0—FN) then go to L5 else go to L6; )
L4:CTM : =sqrt(MC1t 2—1.0); P:=60—-WPC1t2;
YE: =sqrt (250.0x PSTIA|(MCx P)xF2(WPC, T)|P; FN: =FN|20; XBAR =FN ;
L5:S:=8S+1;
for I: =1, step 1 until 100 do
begin
XL[I]:=XRU;YL{I]:=YR[I]); THETAL[I) :=THETAR}I]; WL[I}: =WRI[I];
PSIL[I}; =PSIR[I1; COTML[I]: =COTMR[I]; KL[I1:=KR[I]; ML[I]:=MR[I]
QL{I]): =QRI]
end;
I:=S; YR[I]:=YExXXBAR; XR{I]:=XC+YR[I1XCTM; THETAR[I}=0.0;
WR[I]: =WC; COTMR[I]: =CTM: MR[I}: =arctan (1.0/COTMR[I]);
CWR1:=COTMR[I1|/WR[I1; KR[I]:=sin(THETAR[I])X sin(MR[1})/YR[I];
go to L3;
L6:1:=S+1XR[I]: =XC+YEXCTM;YR[I} =YE;
XR[100]: = XR[I]; YR([100] : =YR[I]); THETA:=00; M:=MC;
Print 4 (FORM, XR[100], YR[100], M, THETA);
TL:=tan(THETAL(100))/20; TR=1.0/CTM ;
YR[100] : =(YL[100] X TR—YR[I]1x TL4(XR[I]1—XL[100})) X TRX TL)(TR—TL);
XR[100] : =(YL[1001—YR[I1+ XRI]1 X TR—XL[100] X TL}[(TR—TL);
Print 4 (FORM, XR[100], YR[100}, M, THETA)
end
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ALGOL oOfgiR

1. 5z 3w
T, MB, MC, HCA, N, K
D6fET5, T
T: T.°C, MB:Mp (BEdD~<y~¥) MC: Me (C iD=y ~E),
HCA : 04 (¥J5f8) N: N (Do), K:K (ELHEDOTERKTH D),
2. FUWP, T),FAWP, T), FXW, T) 12K E LTEHINTWT, Tt=500~2000°COFH
THExbhie TRNLUTHE 3R IV 4 ROl R TEfL -3

Thbb
(1) Wp<1.67040.000 45 T:—0. 000 000 085 742 & LT3

W,

- =F1Wp) =1+ 8 Wp—1)
r

Wp= Wpi=1.670+0.000 457, —0.000 000 08572 =%y L Tl
Wr oUW =1+K Wi —1)
Wp

7o72L b=—0.01140.0000677:—0. 000000014 7;2
(2) Wp<1.6204-0.000557:—0.000000 1172 &t L Cid
A W) BW 15+ o Wy 1+ d W15 41
(A/A*)p
Wp= W =1.62040.000 5573 —0.000 000 11732 y=5f LT it
(A[Ax)r
(AlAx)»
YN AR D b=—0.034-+0. 0000547,
c=—0.005+0. 000 06 7: —0. 000 000 0272
d=0.003—0. 000 0067
(3) Wr<alab—b+1) LTk

W _ _
W =F3(Wn)=

Wez Wri=alab—b+1) ¥ LTIt

Wy 1
Wr =F3(Wh)= ab—b+1

L a=1.670+40.000 457, —0. 000 000 085R.2
b=—0.011+40. 000 0677 —0. 000 000 014 72

:FZ{Wp1)= b(Wp1—1>3+C( Wp1—1)2+d( Wp1>+l

(b—1)+ (b—1)72+46 W,
26W,

Th b,
3. G 07 ((4) Richs)
Gaw=(=5) (7) KO—8)
Gamy=y/ ED ((6) Kichnz)
cawy=/ 2 ((5) RcHR )
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4. PSIA: V¥, HCA : 64, WPB: Wos, WPC : W, XB: 28,
XC: xc, YE: yg, WB: W;s, WC: Wse, XBAR: 7,
DTHTA : 48, DR: 4R, DW : AWy, XR, XL:x, YR, YL:y,
WR, WL:W., COTMR, COTML :cot p, THETAR, THETAL : 6 (radian),
THETA : 0 (degree), MR, ML:p, QR QL:Q, PSIR PSIL:¥, KR, KL:k
CWR, CWL: Cw, SL: 0+, SR:0—p, FN: 1N (S8 A FR)
CTM : cot pe

Tk k:———smﬂysm”. Cw= cop;,f, ThD

fc3s XL{I1, YL{I1, THETAL (I}, WL{I]- -3 5KPboA P kit 58 XRU], YRU],
THETAR (I}, WR[I], -t P: &3 5{E, XR[I+1], YR[I+1], THETAR[I+], WR[I+1], %
Py BB ER R ERRIET 5,
5. SHEERY IABOEE x, 3, TOARKT LI~y B M BIOHHhDOF[ 6 (degree) DNHKC
HEihb, BohcERas FRYREBIFAUT AT 1flEh>TWT, KDBDOLEOTHR
HE—EOLEMETROERY, TOME A S%E5HERYEH L TRDISRELRT,
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