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Shock Stand-Off-Distance with Mass Injection

By Takashi YOSHINAGA

It is shown that the reduction of heat transfer (radiative and convective) at stagnation
point due to blowing can be expressed explicitly in terms of the shock stand-off-distance ratio
(4/4v) as a parameter [1], [2]. However, analytical correlation between 4/4o and blowing
rate has not been well established yet for the general blunted bodies except spherical body.

Shock stand-off-distance with gas injection for the number of cases where Ry=2, 4, and
o were calculated and the results were presented along with other theoretical calculations
and experimental data [10]. The present method provides general and relatively simple
formula for calculating shock stand-off-distance of various blunt nose bodies. The result of
the present method agrees very well with the experimental data for the cases of both
spherical nose and flat nose bodies.

As for blowing parameters it is found that shock stand-off-distance 4/4o gets less
dependent on & using B-e-(/2+V/EBs; as a blowing parameter than using B or B-e™! instead.

. 3; Mtk - BREOER
S o) BEEREE R LHEL

A; B ATEBIIhIEH 0, HEROBMIYEER LOEREDUTHE
a; & o, EE

B; RELORT A—2%, (ADOS/IPQs)%ch B F

D; #HkoERE 0; FEKORHELOUEWES

l; BREEH >k EHBRD SO 2, HREO®K

M; = v c; YtkthL E oYk R

m; JEKDHTFR s; XEAR

p; EN w; HhoRH

g; BRERE b; ¥k

R; ¥#& g; & LURE

s; MHERKDEEICH - k& B A SOERE i; REROBAME

T; BE *, HEA

U; BRmch ) FRoRERSS — BROEE (D/2) wXESLERTERX

V, BRCEESHROEERS

5 Gk ik i B s 1. & X & &

v; BkOENR S EE BETAIBECEHRBALTL aRTEKZER LWES
B; kEBRILBY I EBAR, QU/dD, RN SHEET I LD T I v— s v Tiib bk
7; RHIhKEO LA FEED 5O LANH UBHEZNRT 2 FEb—RIICT
4; ERFOBRER Wb Tind, 7TV—V a v ODWBEIERD > BRI
* MAASEIR 9 ASH Lick 23R eEBT2E, 77v—v av2KRHL
HOBENEE B THEEL, EBORBIRZTESCENTES, HES

This document is provided by JAXA.



2 MR FHEWMAABRE 224 5

TR UicB T 2 ZEBRPBITBEE8dh, 77
V—v 5 OBEBFIRINTE TS,

L EHRTORMY LR X2 A B XUHBEER
ORAREREREEROL (4/4) 27 4—-5L
ULTBIRERINLYY, ULhrLuKd, HEHRK
TR EDENT, —RAEHEEHKICTT 2HE
BEERER O, (4/40) EWRHEURE ORSRIT /5
ZINTRNHIEH,

R LD HEEDEEDMEEB LR OMEYE
OEBERBFEER T X I IXREL2 I UOERNII
KDBSHN T, T UTHEDP ORI LDDHZH
B ER TREMICEL C EERTE, Bhko
{OPDREEZBOTHEMMAILIRMADOET VTR
FENCR L BD R0,

Cresci & Libby® 3@ 8):, FHMAOKEKEREL
Sk E DHERE, BHREMBRLORETHS LA
LBAEAIONT, RN, K& LoEAm,
KOS EDIETHEETH L EREL, RHLOD
BB ERNBAOEHBEMRER O, 4/4 LFE
LT3, Katzen & Kaattari® 3B E2¥;, HAM,
MHAET SR - tHliEOhLERE, »2ThH0
FMOSHKIIERET 5 L0 ) R%E B TIE Cresc
& Libby EEAL 7c H 3T C ORBEERITANCRN T
W5, UL LEEAESEKONED SRHTHAID
NWTHREEBABBON TN, LIcB-TZOHm
wo BMit, Katzen & Kaattari D FEEHIR LT,
SEEARM G E A RO EREHEHEKOFIESD 5
K LT bh 384 OE BN SKRER O (4/40)
R LR E OBRA AU REITTRYD, TO#R

EMOEEOEBEIUMITRREIEBLELS LTS
bDOTH5,

2. FNOEFIL

EBJEKORH LUEE 72 HEBREEORIT L EE
T DB 2 DREUEREBHETH 3,
OB TRV RO EFVER L IKRT, BED
OHEDRIEICEE Ry OXREBA MDY, TThbH
S[EPREHINEHDOET S,

OB TRIRDIENELIN TS,

(1) HBREIMHEEOMOWIIEE R OBER
TREIh T, EERE, HRE YkRmot
ROPLMEIFA—RATIREL)

(2) HRAEEZRIATHUOFELRM I LTS
b, WhidleBoRT -T2 5DLET 5,

(3) HFmEokEARAELDHMNOES U i
KEBEPLLOER [ KEFALTHS,

(4) BERECETEEERS Ufls, v) EREX
NREKOEE o 3P, CERE T THEREIEML
T530DET 5,

(5) BAEERTUIBRESHRRERKETH 5,

(6) HHAMHEORIF~OERE & BREE DD
PEHELIL-TNBEHDET B,

3. B iy

BRAE, YRERELIUHEOFLL SEE DN
B LYk BT IR IER U e HERME & i
FhBEEBRLEEZ 5. (B1)

R LREK O EEERRSOMNENLSHIER V=

4 s,
/,
’.___6!‘_._
/U MV, = Vi cos 6
B D/2
l! ) (1) _ij\kd
V- g ]
2 S
-) JT 0) l ? o .
N y
|
\
\ R
S
R HERE 1k

K1 mhoxsFi

This document is provided by JAXA.



R L% & 725 SERY & ol SR I M 3

Voecos@ THBERET S, LTI Voo BBHEERE
b B3 B3 ETH . TAEZZWHETEE P
DEREAET, LEBLEDE Ops KELWERET
Zo ZODE XXERE x OREWH D DREFBIKASZR
HUREKOEERRATEZ 65,

9
ﬁﬁA’E§ = SO pgngcCOSH . 27er1;d0 = 7['1'2 pgs . Vgc

E 0(x) OMBERAEDL SHHETI2EBRIRATEL
bhb,
WHE B =2720(2) {(0gi+ Pys)/2}

*(Ug cos @+ Vyercos 8+sin 0)/2
CCTCREBLEFREIBRMTOEOFYE.E S
> T3, MAHBR=RHEABRTH20 5 LD 2ED
SEED A TOYED SERE T TOYKRDPLHIC
FiTis R o(x) BB S5Nh B,

0(x) =204sV e/ {(Ogi+ Pys) cos O(Ug+ Ve sin 6)}
(1)
Uy > Vgesinl TH2H52DRT Vyesin 13488
T 5,
K EB B ATRROBENT D 2D,
Ugi=Pl= Box
cos =1
Pgi= Pys

fe2 L ﬁg=( 8;{0«; )s

LictsoT (1) AL IEARTD 6 i3
5(0)56,::Vgc/ﬁg (2>

PR AN
BREETRIESEAD S, BREEVEOEL»S
MAFRER LERACLTTRWREDY o -1
CEEMEL, RATREEKETSHDLETELEY
HOB CTOBKER o 3 (D AigkoEE=y oy
—EHOBFREBEALTHEINS,
Ug*=agi*=121pgs/ {(r+1) pg} 1%
Pgi*={2/(r + D}/,
QD) RT Vgesinb 2@ ET 2 &
0(D/2)=6*=A-B-C-D/2 (3)
iU
A=2(r+1/rH%/0{2/(r+ 1)V~ +1} cos %],
B= (pg:/pqs) ¥% Ve
B iZ Cresci & Libby® ORI L DT X —FicHY
T3,
BERAEIR - THADOKELOBERERE L pu
=pgi) HERAMRBIEAELSOERE ! KhHT 3
(Ui=pD »pomAlomicE 2 Bernoulli OFE

HEAERH LU TROBEENE O,
190’: (Pz/Pgi)Mﬂz (4 )
zZT
B2=(Ousi/0D)s

EHREOS LADOKINIIE, BERESE YR MIERH
HE A ICERE U MEE i h 3 BHRBYKICE
EPZOhRBALARKENZ BDERE L T
5, HRAmMOYE Ry RRHLESBEATELED,
HREOBKER 4 LEEOR . 3Bk h
FBREOMEREE Ri(=R:/(D/2)) TERENE,
Traugott DR’ &, Kaattari DEEY Y icsbE A
PO Z4E > T X E SR ADRRITEE DA DBs/
Vo LEBENBROEE, ¢ t0BEBE SRS, L
L Traugott DEIRRNIEEH ¢ 23 0.167 2T ic
RBATETZORREHT H %, % /¢ Boison &
Curtiss®, Stalling” OEEBEREZR 2L Df:/Va. &
e OBIFRRMLTULE—H LB, BRPFLHMETIIE
BARGAUNI % WEETEY b, 22 TR
Boison & Curtiss DERRICXId 5 ROEEREE -
7o

DpBs/Ve=(0.87+1.10/Ry)ek (5)

LZT e=Ps/P:s TH5b,

EHREORRERE 4 i U TRROAM Kaattari
DHERR LAY ERT CEBRBENH S,

4s=4,/(D/2)~(1.182+0.64/R)e/2+ /R (6)
722 (8), (6 K&Eh3d R i3, FHKL-TH
KEARLTOBHEEOlE EREHOME) TH5
CERBERTILEND S, R EBA (EEHEME)
WET L E (6) R Truitt DRPi—HT 3,

BRNEHREROBMR, $hubD Vol=(2/0)/e, &
FEBRAS TR Pe=pes=p; THDZELORHE
LDOATA—-FBRERDES>CEEHET S5,

B=(0ys/Dge) ¥ Vge=(0gs/P) ¥V e/ Ve (7)

CORHLDAT 2 —2Bid Cresci & Libby i€k -
THEZLObDER—TH2, RHEHLDOAT A~
RIEBEC LTI REFOTRIEFL LI KA NS
KIS T3, FIORHLDAT 1 —%E LTRIZ
AT Bee ! SEohdcENB5B,

B.gl= (pv:Voc/ 0.Va) (szqus/ Pusm«st) %

=(PgsVige/ P Vi) (02/ P) ¥ (03/0g) % (8)

ZZT m BHFBRTSH 5, (8 Riz Katzen &
Kaattari® it X 2RHLDAT A —2 T, RELEEK
EEHOIESBENS L BAK I (To=T)
Kaattari D AAZ 1 -2 it 3,

@ XD B ik () RERAL B REMAET

This document is provided by JAXA.



4 MR FHBAPTRRRE 224 5

RABESNS, Yk ZE OO L EERTOED FulMI—RIC
5:=2(0.87+1.10/R)!-B (9) BZ36DELTN5E, BEROBHLOEAEI TOE
B) RE Q) KELSRABE SN, B 0* LR ONEE ETovkd» SERESE CTOE
§*—38,={A—2(0.87+1.10/R)™B  (10) O, FOERYEEBEOMEBYEE Ry LMAFHOME
6._
4
4
5_
i Cresci and Libby (Ref.3)
Katzen and Kaattari (Ref.4
2 Eq.(

Present Method

\ €=0.20, 0.25
€=0.10
1
{
0g 1 ) 3
Spherical body AV, PN\E/ P \¥
R/ (D/2) =2 2 (5 (&
(=B/¢)
M2 wHlLE:HERERESR (D
61
Experiments Ref.7
457
Ao o Mach Number 5

Present Method
£=0.20, 0.25

e=0.10

1
| 1
0% 1 2 3
(a) Spherical body
R:/(D/2) =2

3 Experiments Ref. 7
4y o Mach Number 5

Present Method
=025 M,=3.16
€ =020 M.,=5.00

d — L

% 1 2 3
(b) Flat nose body PysVee. (_pg__x PV

PVe Pm) (P,

X3 i LE:EBEREER (2)

This document is provided by JAXA.



W L% & &7 5 gAY & O BRI e Rk 5

RE R EEAROTRAENLEERE,SRATRERR
b,
0*—0s;=Ry— (R2—1)%—R;+(R&—-1¥%¥ Q1)
10), (A1) Ko 0*—0: £WET 2L, 51 ohi
YIHADEE Ry it LT, RIBLDATA—FIBELE
AREOXE R LOBEESB 3,
B={A—2(0.87+1.10/Ry)""}!

ARy— (RE—1D¥—Ry+(R2-D¥} (Q2)
RiLLDHZEAOEBEEBRER 4 a1 »5h
pE&HiC d=4+0s THB. (6), (9) RE&%2H
TRHELDHIESEBOEAOEHEYSRREROH
4/4y ZRATEDbLEI N D,

4/ do= 4/ o) +(3:/ o)

_1.18240.64/R;
© 1.182+0.64/R,

2
+ (0.87+1.10/R)(1.182+0.64/Ry)
X B-g—(1/2+1°Ry)

(13.1)

e}/ ﬁi - 1‘“&7/;

(13.2)
Wit LA R & Ry 3% L3505 (6)
KT R # Ry cBx»23E 4o DBLNIB,

12) K& 13) R s Ry siFEzhaid 4/4 &
BoBENSKRE 2, LU R 2EETECERIES

—

TR LEB-T R 2T A—5E0LT 4/do
L e DRIRARD B CLitT B, BRI EBRAHE -
TRO LS SEFTE N5,

(1) (12) ReHroREOMEEE R, 252
Z, Ri 215 54%7T0.0l 5xiciRAL, Ri & R
OHAEHIH LT B 23HE T 5, AR B-¢e!,
B-e—W+VE) $BBOHE LHELTH<,

(2) (13) Ric L TH-7 Ry, Ry, ¢, B 2RA
U 4/do %KD 3B,

(3) PlEdd 4/de & B, Beg, B~ W+ VR )
OBESE S hE, BEEN2, 3, 4iRT.

4. BROUBGIUEE

MR ORI OBFERE Ry 73 2, 4, 0 DBRAKT
WTEHE UhoEE O REBRE VP EEED Y LBl
72o

WRHLDATA—2ELT Bet (chizd T,=T
D& & Kaattari DARFA—FELI83) 85 LEE
BRSO 4/40 12 ¢ B < v B M ik
BEdacedbhrd (M2), cONltkickd & 4/4
BMOEBCIBEID OESPEERKE ST NSY
KUIZBOTRED. RI3KRTLIC Ry=2,0 4

B/E(l/z+x/m)

4 Wi LB CEBRNBRER (3)

This document is provided by JAXA.



6 UILS BN BT s 224 5

M F DBAIC DT C DFHERERIT Kaattari DER
R L IO—EERT,

COFETRYEKDOE D 5 BITICEE U e R
HEBAEE OB THARITHIGEL TS 009
ROFRPTERBIR (Rp=1) AT L2 T D
BITRELLS L83 L IcEERT 2 HEBS S,
(13.1) RER 2 & AL0E—HET Wl LRk EE
FASKA DR E O HFREROEMIC LS D (RH
ULasisdhid 1) BTHERRB LSEKICE 2 b0 (K
HUBEHNIE0) 2FRbLTH5E, RHLEEEZ
THEREOIERNSFVEMALLBVEARACRI LK
M RERS (13) X oEoh b,

- 2
A/Ao—1+(0_87+1.10/m)(1.182+0.64/Rb)

X Bg—Q/2+1/Ry) (1)

Kaattari OEER® 1t k3 & Ry=2 OBAMNNIC
ST BE9ICHLIS, 22T A ReBINT Ry=
Ri=2 &BLEXRADE LN,

4/40=1+0.938 B-¢~! 15
COWMREAN 2 1R T, CORDORIELDAT A—F
B-e™ |3 Katzen & Kaattari OA_T A—FTH T
Kaattari {3 Ty=T: &AL T3,

M2, 3p5bpbE2KKEBLOATA—FEL
T Beet Bl oTh Ad/dy 13 ¢ & Re/(D/2) &I
PDIEDEREL TS, (13), 14, (15 XAERZ &
RBLDATA—=FELTE BX Bet kb B
e~ W2+VED) OF B L UART LWL I I BN,
CHERBLOAT A= E UER4EZREE 4/4o
D e ~NDEKFERNEL BTN DEbhd, D
z & 5 MO ICBRE S O b % AR I
% d/de ERHUEE DBIRIZ Ry=2 icxtd 2% (15)
REBHRTTTRD & 5 ILEURBES NS,

A4/ 46=1+0.938 B+~ 1/2+1/Rp) (16)
Ry=2 DFA (16) Rz (16) RE—EHT 2, (16) I
BREZR I OEEICIENTD %,

5. © 9 U

PEoFicky, HEO—FICHKETSDH 58
Mk (CEEEMRE &) ORiED» SR US55
£ O RIBERIEEE O 4/ 4o &R LR OBIR AR
P U 7B T, HERNBREICEHE TE o, Lk
> TRH L D% 256 DINER DR RZ T I
5 ¢ EDSTREICS 5 oo

&% NASA AMES W7o 58K T15H
IR —EREE X N H N BHBE S L& IIEE—
HEMNFREECRHEORE, BirohE:, HRok
TR o o, TRAKHEHTZONERE
WIETERIC X A5 EAEFE - T, ¢ T
VbEohric@#ogrEbLET,

2 £ X W

1) Yoshikawa, K. K., ‘Linearized Theory of
Radiative Heat Transfer for Abltaing Bodies
at Meteoric Speeds - Proceedings of the
Seventh International Symposium on Space
Technology and Science. Tokyo, 1967. AGNE
Publishing Co. Ltd. pp. 361-405.

2) Yoshikawa, K.K., ‘‘Linearized Theory of
Stagnation Point Heat and Mass Transfer at
Hypersonic Speeds’’-NASA TN D-5246, 1969.

3) Cresci, R.J. and Libby, P. A. “The Down-
stream Influence of Mass Transfer at the
Nose of a Slender Cone’’, Jour. Aero. Sci.,
Vol. 29, No. 7, July 1962, pp. 815-826.

4) Katzen, E.D. and Kaattari, G. E., “Inviscid
Hypersonic Flow Around Blunt-Bodies’,
ATAA Journal Vol. 3, No. 7, July 1965, pp.
1230-1237.

5) Traugott, S.C., ‘“An Approximate Solution
of the Direct Supersonic Blunt-Body Problem
for Arbitrary Axisymmetric Shapes’, Jour.
Aero. Sci., Vol. 27, No. 5, May 1960, pp.
361-370.

6) Boison, J.C. and Curtiss, H. A., “An
Experimental Investigation of Blunt-Body
Stagnation Point Velocity Gradient’”’, ARS
Journal, Vol. 29, No. 2, February 1959, pp.
130-135. "

7) Stallings, R. L. Jr., ‘‘Experimentally Deter-
mined Local Flow Properties and Drag Coef-
ficients for a Family of Blunt Bodies at Mach
Numbers From 2.49 to 4.63”’. NASA TR-274.

8) Truitt, R. W., “Hypersonic Aerodynamics”’,
The Ronald Press Company, New York, 1959,
pp. 252-274.

9) Kaattari, G.E., ‘“Predicted Shock Envelopes
About Two Types of Vehicles at Large
Angles of Attack”, NASA TN D-860, 1961.

10) Kaattari, G.E., ““ The Effect of Simulated
Ablation-Gas Injection on the Shock Layer
of Blunt Bodies at Mach Number of 3 and
57, NASA TN D-2954, 1965.

This document is provided by JAXA.



NAL TR-224 T ¥ =

LY | E
3E ® @) 4 W A-B-C-D/2 A-B-D)2
3H ETh»ro317H _Pri=Pqgi) (Pri=Pgs)

This document is provided by JAXA.



TR-219 = IedE AL R B QLI DN T 19704108 B ¥ &
On an Approximation of Two-Dimensional
Incompressible Turbulent Boundary Layer

TR-220T Application of Dorodnitsyn’s Technique 19704108 Junzo SaATO
to Compressible Two-Dimensional Airfoil
Theories at Transonic Speeds

TR-221  ZRtidiz 357 Ly > EPpfk oo % Sk 19704108 & &, W
Aerodynamic Characteristics of a Flared R B — B HIE—
Body with Blunt Nose O 8 EREKR®
TR-222  HALHLG A IR 2EER Licds 1) 2 SLAUR 1970629 H /1 3 f 2, LIHEME =EB
wm ] KL R, N BFSE —
Mesurements and Analysis of Atmosphere, sk I 15 HE
Turbulence on the Pacific Coast Air Route
of the Tohoku District
TR-223 IRV 50 FIRE A T8 1970595 W ¥ K IE

Cylindrical Boundary Interference on Virtual
Mass of a Sphere

MEFTHETHERBE24E
fH Fn 45 4F 12 # 17

BT O OB o5 W OO E AT
WO HE W AR TH OB K s HJ 1880
BB = RE(0420)44-9171( %) &182

B OBl OAr #MA&HE B O®R OS2
HAERHBEWRERE &N 2~271~12

This document is provided by JAXA.



Printed in Japan

This document is provided by JAXA.





