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Study of High Temperature Flow around Body
Using an Arc-Driven Shock Tube

By Ri’ichi MATSUZAKI and Chiharu KAMISE

In this report some experimental studies are described of the luminous flow around a body
in a high-temperature and low-density flow generated in an arc-driven shock tube. Uniformity
of the velocity of luminous shock-wave front along the tube axis is better than that in an
ordinary electric shock tube without diaphragm. In fact, a uniform flow is established in the
present shock tube that is confirmed to be satisfactory in the present experiment.

Luminous flow regions ahead of cylinders and spheres of various diameters were observed
by means of time-integrated photographs. In order to investigate the thickness and the pro-
file of the luminous flow region, a microphotometric tracing was performed along the forward
stagnation streamline. It is found that the relative thickness of the luminous flow region(pro-
perly defined as the thickness of the luminous flow region divided by the body diameter)
is not constant but increases as the body diameter decreases. For a constant body diameter,
the thickness becomes large with the decrease of the initial pressure of the driver section.
These effects were ascribable to rarefaction of the flow generated in the present shock tube.

Development of a luminous far-wake behind the cylinder was also observed, and the observed
profiles of the wake shock front and viscous wake region are discussed.
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TEE 4 0N E 4/D 2K 17 & Lichis TF
#BLIO. Tbb A/DIIRIETHLHOOTHIR

DEROEBEHSHTEEN X/D p#eTbd R
sTCOEMET D, 4/D 0o D ion{T 2R X 18
WRT, ZORMSELAE 5 4/DofEID O
WA pil¥d s, BEIZBALATRVA, TAT

171,
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YHAERACIHNDUKRE N A/DDEVELERS,
BTN T A AR -4 1212 Lasek IO
le Fur® Mg mpE R E 2 A v ULzFE—0X
BEHTEBRLEERLDDODEURLTHD, KL
RIZH LT X/D Bl REOF IR ShicR®k
EHBERMEIhZ0OT, ROPLLEDMEO L TOR
FBOTOT NI VIBPESEHIND I LT
%, Lasek sk 0 le Furt 4 cizfs@ LT3 4 5
IZHAROBEESEAT S IR 4/D OfEdH DA
RS X5 TH D, RETHEND L ST O#I
{E I EEET (continuum regime flow) D DHIEFIH
OERETOBIROER 4/DIiZZ LI 5 Thod,
Liztis ThvEWw D T 4/D KT 5 O3 FH
HTHHILIZIH 7 X— VEOWMKT Z.H0%)
BTHAH>E BN, FHZ OV TIRE THREY
TBILIZT 2D, 7t Lasek 353 le Fur® 3o
SINBBEY LA I NZBOBBTHA L LTS
M, WETHRND L 5, EBEH, Lichi T2y
NER—EBE, VA AVZBORDTHI L
DEBE I - VEOBAKT A EIZLBHELIT
FEAWR—DHDTH B,

4. HEROBRE

X 18 TRLZ & 5 HEHiHO & &RBFmn
> TORFEHOAARNLE X 4/D 3, D oERE
TR EICEAD T2, Z0L I EBREELHECHE
FOHBATHZ L IRETHDH, 0L d5kvd
¥ B~F IR (scale effec) [ X—RRH OB iz &K
TAHTHAIEBbhd, KELBIEI—RIIMINE
HThhl, BEE D oBIIAND 7 X —& VBN
A LA LSREREL DO L, EOBRYHE
RiFOBEREORE (shock layer) S LRI 2 HHE
METH AR D Z N TFHRIN 5, BIZEE D HiE
RKTIUE7 X~ YBIEA L, FAULEEIE S
<HoEBbihd,

AL DHEMEPREND HIHIZ, MO 7 X—+
YREBEONRTA - RS THRE 5,

(A) =yn¥

T TR L SIT—FEDORNE R P FT VPR

AN

K19 MEBTORKT BRADRY o F
&i#2 contact surface # 5% 7

LE) et

STEHAL-HEEIN 19 0l 3 icxy v FXhd,
AIERY Tid~7o & 52, TR < REsn bR
ATHRHIZOROFEE 2 D L 5 eECBAIIRD
haEEbhd, Lichis T—BROR RO KT
R 3 T b bFERFORB L s THH LR T
B2H0EBEbhbhb, Thdz 2ETRRE S CMERIE
WL AEEERIOTNUITHET2DE AT,

WEZZTRBONCEEND ZOFEKTDO 7 v
BOEYMBIENTED, TOFEBTOR vy ~NEE
Mo 2§5L

Me=U;3/C (4)

72720 Us BEER 3 TOFMET

C=1.18x10*y/T/m m/sec (5)
B TR m BET OBRFFRAOTEETHD, Us
EREHOETEE Us IT33% Ly, 7AT VI
H LT Us ORFEMSVEEISRH Vo=14kV, P/ P
=10, P,=0.03mmHg TCRIFEHBEHEHMS 60cm F
FiT TX103m/fsec Tho7ze TOfEEL T ELT2E
TR~ AV E Mo=4.2 L7205,

T TYEEEMAE Uis b, MR BB
HEVEFRLL. XHIZEELREIRALTHDER
FT2e, BREZAGBSOHEEREAT ATV
PRAWESEAEE LW D, THEEREFEA
LB A 0—BRO < v ~Bid Me(air) i,

Mo (air)y=+/7(A) /7 (air) Xm(air) /m(A) X M= (A4)

(6)
MWHETZ LT VOBED v v "N Me(A) ¥ v THHE
XNhB, 1L ST rain) B0 kEH Ty (air)
=1.4 L{RET D, LR r(A)=1.66, m{air)=
28.8,m(A)=40, 1L Mo(A)=4.2 ¥RATHL
Meo(air) =4 &b,

TRD Mo L LTZOEE V2 & EEHPoN
BT 2BREREEAD S EARETTOD, T EA
S L ToOER 4. 3 Belotserkovskii DFER
B1% & 7-13 Ambrosio-Wortman OERBAR NS
AR LTt 4s/Re=0.54 2703, fihF—=y
ANEOFERENT O BRIZ N L Tid bk ® Ambrosio-
Wortman O EBAR, $7242 & < &b hi: Van Dyke
OHEREROMND 4,/Rp=0.18 L c2, 7-72L Rt
WEDXZETHD, Lol THEEH L TE 4/D
=0.27, R LT 4:/D=0.09 k753, ZhbHD
I BZDOIHIZR 18 OEARICTNEThRABI LT
EETRLTH S,

B) 4X—-tUH

Mo 7 X —& ik
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Kn=123/R; (7)
MHERELIENTED, 1215L
13=1/(+/ 2 non;) (8)

RS TFOFEEHEBTE, A7 FESE, 72X
DHER I TCONTFOBRBETCHD, TLITVIIHLT
i o ORBEEREHCH TIHLTARHIELEET S
L, 6=3.67X10%cm TH 3,

ZZTC (8) RiZDEDIIIEEEZDIEMNT
X5, Thbd

T
23=2.33X10-2 Pa;ﬂ (9)

70750 T5=7.4X10*K (32 E TR~/ HEM, P
(2HE 3 TOES) (mmHg) Thd, 0 & om BivL
T2& i3 om BAkind, P 3EBEHOER
DHES P iZHF LT Enb

2r
r+1
Lied, 70150 My 3@RE <~y ~N 8, r 3740 T Y
HAD KB, Py EBREEONS 0O EATHB,
(10) &z P,=0.03 mmg, y=1.66, M,=U;/(i&
1 ToOEFE)=6X103m/s/3.4X102 m/s=17 #44A L
T P3=10.9mmHg & 7c 5,

L0)YKAbkeHt: Py &, fiao Ts I o ©
i & iz (9) XA TAHE 23=0.12mm 4§
b,

i vPEED¥EE Ry=1.5mm, 3mm, 5mm,
s RS LT Kn=0.08, 0.04, 0.024, --- %
7£2e L7chio THEWEROMRIII L THifusd
RS (transition regime flow) OFEKIZA D O DH B
ZEhbhd, K18 OFWIZID L SIZLTRED
hic Kn ofintBEHhThd, L LID Kn
BHEEEEE L TCTFAT Y RAVCEEEOETH D
2, E—fHcEHTEL L TERLAVICHEIZD
SFEE 0 HBER—-DETHRZEND, KnDff
NRERVCHOLBDbND,

(C) va4 /LXK

DED L 5 7nBAFRR

Kn=1.26y/7

Py= Ma2P, (10)

Mo
Re
PHACTANMN OV 4 ) VX BERBBIENTE
5. EROBHZOWTE [fFFE] TS, 725 L
2T Kn % Re b[A URFENLR S Ro=D/2iZ
eI HDETE, ERAMD Rp=1.5mm, 3mm,
< BLTHIGL T Re=80, 160, 280, --- FEied
ZENbh B,

(11)

BED X5 s—BRD 72— DREYORKE,
7 — 7 MAERRERCRES SR NS REREDOE
FEENRTHAZLAbnY, K18 X5/ 4/D
DEIF JIETEROBER D OPHRIRNOBHES
ERLTWa I Erbhd, EBCWO TN
NEF R NWIEBREOBEALTODOIERKTHTE
PERENIRL T D, BT 2ERONHICE L
TEEZ D O0PEDL, HhoHEIIIHHERBER)
HHbDERBbhD,

R BHIYEN HRBRO RIS MO R
IZDWTEZ TAL S, —BRICERISERKPIZI N
NPT FORNCHERIERE R E L HEEE O
MOBBRIZRONTWA I EAY 2 V-V Y FHEHIZE
LHEROBELLADSN TR, L ZATRNE
FDORIXDOFEHFG 1o 1 E—RICKE) X\, FiH
I DD T RN X —HNM LMD TR ER O
ROBRMOFHRE L TEBINDN, 1.=10""7~10"5
PERETHD, ThOx, WEHIHOREHEED “&
Mg E” (relaxation distance) % (FENFERATOH
H) X1, TERETHEZNIO0.1mm ORET, R
BELTODDODEA NI BB LRI E Y,
ThbbiidRn X 57 4/D © D HhphxLigdilD
NTOENERIZ0 X 5 B R & SR T
HBIENRDNB,

5. & & N &

A EREREE OB & ER & ORI
YRE, FHEY O TT7 - mBAEREEE L, T
OMEL LN, DEIZZOEREEF YRV THHED
ThYOERBHFENLERNHEL, 2&D L5
PAS =T R - S A

(1) Zor5hERETEANOCERETOAKIIE

TG - Tinic ) — Bz V ERERESOBS
DEINEBELVWE—-TERIMGE, S 702
A ZI L B —RIOFEICOBUEREN L SRAD
—BHATRER, ZoBOEREEASARNL
ik OMELFROMECED TH DT LHhbh
A
(2) ZoOEREELZAVCCHESIVUROTHY
OREXTIEAFROBRIZ I I oy, BiFLEAR
R L TCORXBROTHE L UCHEDERFI D7
ik Lb e, RO CORAFAROEN
A EAIEEOR D L WK T 2, HEOH
KELHizhED b Y oRIuIERERIZE S <
X5Thb,
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(3) Zol5iBRRizH L CREcEBHHBEY
P2 BILXTERM 1A, BRITREIE
RO I R~ Y BEOMOEE BB 7o
B, toliuBgiNhofFFIcE8ANTSZ
ENBBLMMIIL 5T,

KOICAERCHEL TRASRR, MEZRROER

H¥EE—-BOH 2hbOFRLNE, BHEIHLT,
F AP NELEE L UHEBBEERTAZED S &
EANREIDCACAEE I - TRV Z LT
LTS~ LET,

4+ ]

Agp (11) KRIHFEET v ¥ » LD IVRIE
By FHbi B FHOH 5 TEIH T RO L
:—ct)s)

'%lﬂ

= ?g (ka ) KL-,
NHBHIND, XL T d3gTFoEE m
BAFIECHEE, b XAV R YERTHD, LR
MO BEERE v=n/p=n/nm &
__ o ( kT >1/= 1

T

16 and?

ZoORCFHAGTEDY (8) X, IUVFTOF
¥ (mean thermal velocity) vm ZB3 220R

— ( 8T )1/’
'Um:

xm

o

PRATDE
5t

32

Yicd, LIATREFOERE C=vrRT &

CZJLSL.;m

v

A3Um

a%”%ﬁ‘%:
5 [8 1
C 2Vt
Tihabb
16 — V — VvV
23:5—)‘\72?—“\/7‘?_1.26\/7?

ricd, EROBWLLRENLEX Ry, THY, Kn=
23/Rbs MW:US/’C’ 2"5;{): Re:Ust/U ﬁfﬁ?\?‘é
& (A1) XHBHND,
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