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Characteristic curves without reverse pressure gradient

and contour selection in flowing laser nozzles
Sheng Jianing

(Institute of Mechanics, Academia Sinica)

Abstraet. Quantitative relations between parameters of two dimensional transonic-supersonic
nozzle flow of ecircular throat are expressed through the form of “characteristic curves without
reverse pressure gradient”. These relations can be regarded as a guide for design of laser nozzles
of big throat curvature in rapid expansion without reverse pressure gradient. To Combine
with the associated calculation program of transonic-supersonic nozzle contours in which the
value of five parameters can be changed, it is possible to select nozzle contours of this type on
computer. These characteristic curves can also be used as a reference, forhestimating character of

reverse pressure gradient of this type of nozzle obtained by other ways.

Ell
[ IR M RS, HLMkE A0 BT Ry

anf
il

8 DA f1 AB WA IR (B 1), B Ny £

ik (27 0y 50 00 RS A L, A B 7 T
B DA Ria % doplia B e AB A%
L, Uil 3K AT BT R AT B 4R,
02 Y B 28 B X I R Ry R

1

AR E Y 1979428 F 2T H,

° 27 o



F U, B E B R TR AR

RXRBEE M ERIPRSEAEE HBR
B DA [yl 542 Ro, E BRI IKEL
R AB il S48 By 83 M BCRE T I K
BBk Sh Ouo 50, B WIER AR
R E B e Ko B B L
b K, MIMEE O D% Me, XA ANS
#e, JEOU AR T DUE R BE B, X0 T 2R
W A By 25 DR B B B O A B T AR A A
B A BUE A, WO ISl o & Il
FE R W, B T WOLRR R HERE ., R, 3X
NS HO % % B WOB TR i — BT
BT,

R (1] BlgE—rE NG T Z4e 855
[ I TR W O 3l fy — B, AR SCRASX A i
NV R, THE Bo By Ky K, Fl Me S5 1.
ANS Y B AR R RE R B TR R,
JR LR 0300 R i 2R T SR T R
T ERXANSHZERHRER, FEUF
SCHTHSERRFR, BT 2 Bk ) R 20K, 24T
AR B ALER,

7k R

1. REEDS
DASCHR L] 4o SRR HAL O MRS 45
L BF {4 DARERBER (BX B K
BT A K2 L), T BF #8475
JCEHOES R0 B, IRAFE X R
O+ow="H%
o W_tg(0-w) LR
| 6— =T 8
W tg@+w) LR

W LSk Y WL 48 P T U — AR R AR IE 2% R 1
AT I BE o3k L, 6 SR AU R R M B T 1 A

K +1 =1 Kp-]_ a_
\/ "t \/K,+1(M W

—tg‘lv -1

e 28 o

RS K B -3 R ik A, MR
SWMP DE, o RS, v, o RYBIAR
b (0L 2) o 42 61T, B 2 M# HAFIELR
BG, BG ENRALKR: O+o=w, o EXf
BT B AR W0 Ik 8 Me 1 3% B 410
B, RipdRh4 BA BAERBALALT y
B, 22N Ry WK T4 AB 1E R B
F oy bl BN B, MEIK, XEMe, v
¥ DAet s AO 1T LRk, BE R
¥ X BGO, RGP B BO, A EABO i
2R B BT R I U BE,
y

2

2. EEH

P B 355 30 3 O R T 40, B BRAE R BEF
E&EE (—w) fH, 07ER L X DB K,
B H 5 (LE2), 54h, BI i
B SRS EL M BF AT I 5o HfF
IELBHERAES R, X B, By, Ky, K, I
M, EHASEEEE, & 1 ROLTF R IE LK
EF ) H 2z L, MEEmE BJ B2 i Ik
FEE, W aEE @ ROR, I ST
FH HES, RAMRE H JLUT, BEPA]
W B2 Ry A K, W AB BURRRIBR.
BEERGREKESR, RS E, X
¥, WAV By, Ko, K, 1 M, 45 5ER,
83 R, By FC FEJLH, RBP4 4R 1,

o, Y ERFEANSHEGLERN, O 2R
Moz i, B XAEEDR O=f (R, R, K.,
K, M,)BBEXER, BiEPEHLEL 2,3, 4.5,

M EEH, %1.3<K,<l.48, K,
B L AR A TG R, 515h, RATH
K,=1.4, XRFERITETVH oS m e
BT, B K,=1.4# 2K, XH, o



R AL B Be, B, M1 M, =45 84l
IR, T 6y WIGALEL Oo=F (Bo, Ry, Mo)o %F
Ry W34k, 2% PURIR WEES F 2B B By~ 6~
10 (Hp 6 %% 10 %KM 8) . WGBTS IR
B /N, L /NEIBEE TES, H M
T BT AU A 28R 4 0 T R AR
5, ¥ Ry=2 R, LA ERZWLR, R

2 T A Pkl LR IE R

By ZHKME

Bs

P et e 2 3

(&1

2~6 | 2.30

8.20

Kp=1.8~1.4
K,=1.4

Rp ZHR/ME

>M\ 2 |2.5(3.25| 4 |4
b <

L5 | 5 6

1.5  2:09111/6811:261.08]1%.

03(1.01|0.93

5 2.05(1.54(1.20(1.03 |1

.0010.97{0.90

R,
10

R.-B

(=)

R,.=-3
Ry=2

2F >\___B.-=1.5
Ry ZBUMI —R=1.5~5

1 1

1 2 3 4 0" =6

7 M,

FHERIZ L AFH B M, B, B, WBUETEHE

ot |
07+
0.6
0.5
0 4
0 3~

0

ebmn

Kb=1.3~1 4/
Ky,=1.4

Ovmax
0.

0.7~
0.6

0.5

0.3

0.2

Tt LR 4

K,=1.3~1.4
K,=1.4
R,=5.0

FYERIER 5

B A o

Bl REEEBRERN B=2 K,=
1-37;Kp=1-4; M,=4.5,q] R, FEAT JE B
BUE, BB R, AR L, B

« 29 o



R, #£1.02~3 .00 i BRI T,

#l2. ®EMRBR=3 K,=1.4, K,=
1.4, M,=5.00, R,=2.00, [l B¢ A thi B3
R RIS O i ER R £ D &
El% 4, 13 Omax~0.665, H 8L S48 O,
<0.665,

B3 BREM—WESHN B=1.5,
R,=2, K;,=1.35, K,~1.4, M,=5.2, 0,=
0.75, In] S WA U 75 42 th B30 1 7 2k
% 2,13 Opuax=~0.685, PrLl 00> 0Oumax, #UL
WY o= AR R

55, MR B R, R BT ARt
R, REAFEHANSHUE, RUFIRE
R, RSV HAEABERR, RT
R, 4= SCREFP B

s % X B

[1] HEB, FiRY; ‘W EBERE,” <%s
R>, 1978 4%, 55 1 i,

[2] BRT: “EREDEFOCRTE 7", B,
1979 4, 6, 35 4 3, 6.

[3] Greenberg et al.; Papid expansion nozzles; AIA4A
J., 1972, 10, No. 11,

2RARZRLDIRERDBANDRA BRI NR AR DR ARDRAR IR IR RZRARAR AR IRAR IR AN RXRERERAR

(L858 20 )

TR v > e

v=Sof ()X RFM, Har-a
Y1=%Y2, %EP1=92; d1=d2 %%#F—F; M‘@K\iﬁ:

Ug, > Ug,y o

BAR, BRBI RPN K 5 AF, IHRAS
K HLTE uy, i RE B TR RS BB K HE oo

2. FASHEERRSETFNE N
AT ERSE

FAT sh BN N BER FUBAL, R
1) AR E B iy e F AR F M B, W B
B, W MR35 132 30 i o T B B el
AL 0B, T 0 4 52 30 i 1 T R B8, 24 B A 1)
BREJTIESN (A B BRI, REZ
B RE SRR B IR A I A, XA
345 4 03 B 0 VT3 W MBS IF B B 3 1
J71 (B B S22k i sk), HB S8 EA:
X, 353 PR AL R X 1k

BRI p, HIERTFRE
f /NS 4% K T B T IE B PR AL e, %o

« 30 ¢

;/\
B T I T T [ S R 1y

Z, Z 2
+

+
+
rg‘}-\——‘”—-+++

®| 5

TRTMEEM, #EHTFEZXAKEERE
Bmk, ERSBEmME, HILEHERNE
I IERE X AAEBTHR/D, T HRE
TGz, BEE—R Rz
i LT RS TE 2 37 0 ) RS I K O 2 AR,
BT R KA TR R v (@@ —1) =145
i, BB AR K i A H

LA ERBI5 Bie 5 B, CAEFLH He-
No 1 He-Od oL B 2EY, MHLEH

FWOLE E X BELBEWERKT
1/2~1/8,



