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P,(a,b) =2a + 12b, (28)
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Wkt nl LIt iE Pade Bl Fui/F3RA 145 2 —430 (24) B4 BeREGE L. o TR TIEX 3 Fh i1
FEIT g = 0 P —2E, B/ 1 451 T Taylor 44 Padé 3T UFIEUE A% ( i Runge-Kutta-Fehlberg
45 PAFEN) X T REER v, FEARSA R IX S BUE #9336 % Taylor P —HE IR
SECPE YIRS AT AR IR A 2 e ) — 2, s BB A 1A 8k RIS 3 X |, Taylor 2%
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E
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—— numerics
24 ——Padé approximation
+ = *Taylor series (order 50)
0 . : ;
i 1 2 3
n

B 1 S0 BrAY Taylor ZEH Pade 3L, &(m) MEMETTEIE (Hik
6(0) =-1/3F1d'(0) = 3;m RIS/, FRVTF-SEUEMAR—20)
Fig.1 Plot of ¢(7) computed numerically, by Taylor series of order 50 and by Padé approximation
(here we have set $(0) =—1/3 and ' (0) = 3;

the analytical solutions agree with the numerics for sufficiently small 5 )
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- == 4(0=0 N
= ¢'(0)=1 N
3 01 L s0)=15 \\ .
— $(0)=2 N
“1007 L g0)=25 AN
4 \\
1401 . \
0 2 4 6 8 10 12

B2 {55 p0) = | A2E,¢'(0) BURFEIER, () PEIHITRE
(ERSTREUEMN n, ML ¢'(0) = 1.5 A LMW, HAb LA T )
Fig.2 Plot of $(7) computed numerically for various values of ¢ (0) while we fix (0) = 1
(note that the profiles shift upward until ¢ (0) = 1.5, past which the profiles

begin to shift downward for larger values of 17 )
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n

B3 {55 (0) = 10 A2, ¢(0) BURFEEUENT, d(n) MEETHA
(PTRARBL, ¢(0) fEAEARMLRT it il LA h DU 1e 1 0 25 b B 24
Fig.3 Plot of ¢(7n) computed numerically for various values of ¢(0) while we

fix ¢ (0) = 10(here is really no general trend present in the

solutions given a change in the value of $(0))
L REF @ = 0(0) A2 BEE b = ¢ (0) (HRYAAL 32 i Ak 5.
1.3  BERTEIZE{L 7712 R0 B AEIURR . B RR FI MR E T RS

T B s B AR ) R S L T A R AT IR B IR (23) 1
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BB RARK(24) BN (31) B —M i i 2620006 F2 1) 551
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+ (34)

b

2 1
- 44 + 324q, + 18./6 — 88a, + 3240’

w‘.p

1
@, =?a§_a2, (35)
R @y < R, Y56 - 88a, + 32402 > 0,4 ¢(0) MYERIHM KILHE BN,
¢/(0) 20,
159

101

5_

-10 -5 0 5 10
$(0)
B4 L3 AR ¢'(0) ~ $(0) KIE
(IE: A1 &' (0) HIIHE 6'(0) >-1)
Fig.4 Plot of ¢'(0) versus ¢(0) permitting the exact solution of the form given in (31)
(notice that all such values of ¢ (0) satisfy ¢'(0) > —1)

5
$(0)

B5 U3 G ¢'(0) ~ ¢(0) EJE
Fig.5 Plot of $'(0) versus ¢(0) permitting the exact solution of the form given in (31)
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fiff S ME— 1.
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A SO S 8 5 T SR 3l B9 Lin-Reissner-Tsien J7 #1533 T 5845 7 B fEa 25 7 FE )
FARBLAR . A BRERS T RERY A AR , T DL TRT B0 o 1y A7 B R R 7 X RE A 45 2R 5 Sk
H A5 R — B0, FEAR R I 50T, 0F98 1 58 & 19 A AR U , IR A B 45 2R 5 Taylor 24
KA Pade T RLFAR LUEL, ST T 90 4R -0 (8L ) R ) A7 e ik, WA BB RO AR DG B 25 1F
BN L M T R U E PR L

KA T B — A Ak 2 IR BEAS 5 B, T DURE RS D 53 1) 4 1 O B, 157 A A8 46
AR B o T R AESELE R BT 1200 G T AL 3 T LUK A MoK e, 45 31 =K (F2
AN ) BE U (RSN A BRI, M $ (n) =4n" - LB R RE(24) (AR
B A2 IRARY , BTSSR AR 1) 5 R I 24 &'(0) 1 $(0) b Bepems, ik 4 31
Taylor 244 fifk SR Al A AT REAH ), ZE XM LT, X0 [0, 00 ) B ATBEAEAE — 5L 7, 15
& (my) =4n; — LA, X LARIIR M ¢ (0) =a F ¢ (0) =b, 7EF 6 i ¢ (n) ~ (4n°
- 1) BBk,

251 — 4n°-1

16 (0)=1, 9°(0)=0

—— 1. ¢(0)=1, $'(0)=1.5

o I:¢(0)=0,¢(0)=10 A coie000000,

E6 M ¢(0) Fl¢'(0) BURFLALIKLML 49> - 1 B ¢'(n) B
(' () =4n° - LI, (24)iR1k)
Fig.6 Plot of ¢'(7) for various combinations of ¢(0) and ¢ (0). Also plotted is the curve
4n% - 1(when¢'(n) = 4n* - 1, equation (24) becomes degenerate)
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Hl = 0 B 0 R s UG, 351 36 Ff s e, 7E0 2 & () = 4mg — 1185, Bt
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Self-Similar Solutions to the Lin-Reissner-Tsien Equation

John Haussermann, K. Vajravelu, Robert A. Van Gorder
( Department of Mathematics, University of Central Florida, P. O. Box 161364,
Orlando, FL 32816-1364, USA)

Abstract: The Lin-Reissner-Tsien equation describes unsteady transonic flows under the tran-
sonic approximation. The equation was reduced to an ordinary differential equation via a simi-
larity transformation. The resulting equation was then solved analytically, and in some cases
even exactly. Numerical simulations were provided for the cases in which there were no exact

solutions. Traveling wave solutions were also obtained.

Key words: Lin-Reissner-Tsien equation; self-similar solutions; transonic approximation; non-
linear partial differential equation



