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IMPROVED ANALYTICAL SOLUTION AND APPRO-
XIMATE SOLUTION OF VARYING SPECIFIC HEAT
NORMAL SHOCK WAVES FOR MACH NUMBERS 3 TO 7

Cui Jiya

(Beijing University of Aeronautics &. Astronautics)

Abstract: The author first derived varying specific heat gasdynamic functions
formulae'”, and applied them to analytical solution of normal shock waves'*’. In
view of the physical process of shock wave not including total temperature at all, an
improved analytical solution was initiated ,including only specific heat ratios kr s kr,
for initial and final temperatures and &, for the average specific heat between them,
which is simpler, quicker, more rational and accurate™.

In this paper, the improved solution extends from Mach number 3 to a range of
3 to 7. All parameters after shock are tabulated. The corresponding results and er-
rors of fixed specific heat £ = 1. 4 solution are also shown, which give rapid error in-
crease when M, increases.

An approximate solution using single £, is then proposed with the results also
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accompanying. In general, the errors are smaller than the fixed specific heat solu-
tion, and might thus be accepted in primary evaluations.

The rapid increase of errors of approximate and fixed specific heat solution,
however, enlightens a field of vision that at higher Mach numbers, the varying spe-
cific heat effect should be carefully distinguished from viscous effects and experi-
mental errors.

Keywords : Varying specific heat, Normal shock wave, improved analytical solu-

tion, Approximate solution

Ja(fl

1 Hj

EEEREEREELRLESIRY HHLORRERREY. M5, ST hiEkYEd
BHAZE R, VREAED LR E N SEERGSOERITR, RERINEGE. &
HYELRALE By o kp o DA R 3238 -2 LR RY U R EL &), 57 BE 00 R B RGEE

A SO DHR R M, 39T KB 3 B 7, JRA LRI A O 1 4 BIRE ., IS, R
U R £, BT, JF4n i HARE, DO ERN AR EHE% .

2 HUHRHT R

R 1~5 B HER T =222K (kr,=1.4004), M, 3, 4. 5. 6, 7 IEM UG EIT
Wt igE 2B, GEAR T, DR M., K po/p. BIERW o RIFH As; £
TG FHRIE T BRI b, RIEREERE A, 4 WA H, FLBEARLTR . BT A
BHHAILE AR HE] 1800K, FFA M, K 7 MR NEEN—KESE.

RPWFIHE LR L =1 4 (IFHER, HiRE E K EEEENN, BRRER L, 718
t 58 AR B M, KT R K

3 H ky, ITURE

% R B LM SRR AR T, L T 64T o 1R 1 R 5000 . 2038 180 P-4 Ho iy
HAE oy, R BT DU AT 88 &y, LG RUFINKE 1 REI 1P, XM &y, 5HGHEM
BEARES o BRI, B K kr J% by GARBAR by RET . TTLLEE, BHEHE £y, B2
K HE HAR N, M R IIR R, SR T LR i URRAY

ETHE M, KB, M, (1122 Ey IS LHRN , B S T4

ky 2k 1
LA 4 12 =
R T
z = 2,&7.[ M2
B, — 1]

A R &, TUE &y Kk, BIGEE .



% 6 M kR 3 B 7 6978 b RE o 64 S0 R AT R BRI DL 9

&1
_ Er. %
M, =3.0 20
|
B B AR RE B [THRBE=1.4 10 /
- 0= — —
,
1 1. 4004 ~10
Eu, 10
T, 590. 58 588. 55 594. 74 U
(—0.34%) (0.70%) 0~ =
E—/IO
. ! B
k"’a 1. 3769 10
0 - e — g
ky, 1.3928 1. 3929 T
~10
E,
M, 0. 4758 0. 4736 0. 4752 10
(—0.46%) | (—0.13%) 30 e
20 e
—
I 1. 3849 10 T
T, 517.18 513. 60 518. 00 T ——_—
x (—0.69%) | (0.16%) -1 —
& —~20 T—
| A 1. 9765 1.9724 1. 9640 —30
(—0.21%) | (—0.63%) B
0 _s_-——-—""_'__-'—-,_-_'_-_‘_-_"_._-.
2, 0. 5070 0. 5070 0. 5092 [
0.52X107%) | (0.43%) —10¢
3 4 5 6 7
P2/ by 10. 3705 10. 3135 10. 3333 M,
—0. o —0.36% .,
(—0.55%) | (—0.36%) XAk = 14
T — e A,
o= p; /B’ | 0.3274 0. 3252 0. 3283 O— 8 &y, IR
(—0.65%) 0.30%) M1 Rt mirme s iR 2l M, T
As()/kgK) | 320.54 322. 41 319. 69
(0.58%) (—0.27%)
:[: »
4 45 1B

FEE KAT DA ROE K, E HARIRE L SRR, AL HUARIE o ige i o 8 BT MR T 6 ME i i
RTBAPRGE R ; ZE R0 MBS AT 42 &, 0L

VLIRS U IR R RE DA RO K, IR — D EEWA, AR DR, RO AR H
PR R R 5 AR R B L R iR E AT A X AT 2



10 #o* B R 1993 4
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M, =4.0 M, =5.0
£ 14 &i&ﬁﬁﬂ[ Bk, R Ek=1.4 3 ¥ I&ﬂfﬁﬁé Bk, R EHiE=1.4
&r, 1. 4004 kr, 1. 4004
T, 874. 27 864. 56 898. 41 T, 1217. 94 1192. 70 1287. 60
(—1.11%) (2.76%) (—2.07%) (5.72%)
ki 1. 3465 kr, 1. 3224
ky, 1. 3783 1.3788 kyy 1. 3614 1.3625
M, 0. 4333 0. 4293 0. 4350 M, 0. 4085 0. 4041 0. 4152
(—0.93%) 0.39%) (—1.10%) 1.64%)
ko 1. 3571 kL 1. 3307
T 767. 53 752. 26 777. 00 T, | 1075.01 1039. 56 1110. 00
R (—1.99%) (1.23%) x (—3.30%) (3.26%)
fIVA P
= 2.1853 2.1730 2. 1381 = A 2. 3309 2.3106 2. 2361
(—0.56%) | (—2.16%) (—0.87%) | (—4.07%)
A, 0. 4605 0. 4602 0. 4677 A 0. 4335 0. 4328 0. 4472
(—0.09% (1.54%) (—0.16% (3.16%)
P2/ Py 18. 6836 18. 3885 18. 5000 Po/ Py 29.4989 |  28.6827 29. 0000
(—1.58%) | (—0.98%) (—=2.77%) | (—1.69%)
o= p;/p" | 0.1349 0. 1304 0. 1388 o= p;/p | 0.0567 0. 0517 0. 0617
(—3.31%) (2.87%) (—8.83%) (8.89%)
As (J/kgK) | 575. 06 584. 72 566. 94 As(J/kgK) | 823.94 850. 48 799. 50
(1. 68%) (—1.41%) (3.22%) (—2.97%)
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*‘f'; 1. 4004 *"'1 1. 4004
T, 1619. 74 1571. 18 1762. 81 T, 2080. 27 2000. 99 2324. 20
(—3.00%) (8.83%) (—3.81%) (11.73%)
ky 1. 3069 ke, 1. 2968
ky, 1. 3463 1. 3479 ky, 1. 3340 1. 3358
M, 0.3517 0. 3876 0. 4042 M, 0. 3796 0. 3759 0. 3974
[ (—1.07%) (3.17%) (—0.97%) (4.67%)
ke | o1.3130 Ey 1. 3011
I
L 1435. 28 1373. 34 1517. 00 T 1848. 32 1753. 97 1998. 0,
x (—4.32%) (5.69%) x (—5.10%) (8.10%)
W DA
= 2 2. 4370 2.4123 2. 2953 = 2.5168 2. 4904 2. 3333
(—1.01%) (—5.82%) (—1.05%) (—7.29%)
A, 0.4152 0.4145 0. 4357 A 0. 4021 0. 4015 0. 4286
(—0.16% (4.93%) (—0.13% (6.59%)
P/ P 42. 8254 41. 1862 41.8333 Pal Py 58. 6577 55. 9008 57. 0000
(—3.83%) (—2.32%) (—4.70%) (—2.83%)
o= p;/p7 | 0.0250 0. 0210 0. 0297 o= p;/p; | 0.0116 0. 0089 0. 0154
(—16.00%) (18. 65%) (—23.54%) (32.00%)
As (J/kgK) | 1059.02 1109. 05 1009. 92 As(J/kgK) | 1278.58 1355. 64 1198. 88
(4.72%) (—4.64%) (6.03%) (—6.23%)
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