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Study on Row of Circular Cylinders in Supersonic
and Hypersonic Flow

IV. Heat Transfer on Row of Parallel Circular Cﬂinders

2
3

in Hypersonic Flow

By

Ryuma KAwaAMURA, Takashi Sawapa and Kazuichi Sex1

Abstract: We studied the heat transfer on the row of several parallel cylinders at a Mach
number of 8. The diameter of each cylinder is 1.00 mm and its Reynolds numberb ehind
normal shock wave, nearly 10%. The relative distance between cylinders is expressed as
H/D, where H is the shortest distance between them and D the diameter. The cylinder
itself is made of thermo-junction of iron and nickel. The mean heat transfer coefficient of
cylinder is obtained as follows: the initial time rate of change of temperature of cylinder
is divided by the difference between the stagnation-and the wall-temperatures of cylinder
at the initial time, and then multiplied by some dimensional and material factors. This is
expressed by .k, where n is the number of cylinders in row and i the ordinal number r @
of each cylinder counted from the central cylinder to the left and the right, respectively.

In the three-cylinder row,‘ the value of 3hifsho is smaller than ﬁnity at H/D=0.8, and
decreases with the decreasing value of H/D and approximately to 3/4 in case of H/D=
0.1.

In several cylinder rows the relation .h0>>.+2h0 holds generally. Furthermore, in case of

nl<hn1

H[D=0.1, for n>7, Jo=.h=zhs, , but A5

tions have been ascertained for n=3, 5, 7 and 9.
Lastly, we considered the meaning of these results. The thickness 0 of the boundary

* B4 £ 48 8 8% 14 ARAMEYLELCTRE.
** BEBEHEBEAFENSE, BRI E£ 4 XM 38 F£ 10 A TEHMEFEFCRIRES
ELTHEE.
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layer of a single cylinder apart from the apex by 90° is estimated as 0.03mm by app-
roximate formula 6~ DRe~!/;. Hence the above results can not be explained by the inter-
action of these boundary layers. The form effect of the row seems to be predominant in
the phenomena considered. Namely, we can say that the shape of the row as a whole is

the most important factor determining the boundary layer of each clyinder in the row.
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ALHEBORKEAICKEL, HRBREBHAELZFMAL TV ERAROEEDTH 5.
CORPICABSABHIESEZONEY, 4FTOECATRERNBIUERNMEDR
Bich Bicd EFisu. -

HBHGREICE S REEADHE E L T3, Kantrowitz et al[1], Schuerch{2] 73 &
BRONSG. Hic 2] ICRBEICEY 2 COFRORERKOBEHRBASHTOE. cnd
By skin F72i3 wire mesh O EARREHAZ AV S Sict@sd 3.

LULONDOHBEFIOWMEER, ALLIBFELENENES > THEMIVED SN k.

KRS wire mesh DR ICHBEFERALERIZ, ZIOFENESLEMLL S, BR

DREZEFETLDOCENTHLEEBEZ PO THB.

ODNONDOWTIT LLE DL S BFHIEMEEZH > TV B EH 0 THL, BRILIE
POoBEKSIMBEEEATHS. DRONRARFNEKE LTHizrd LEOYERER
BRLTOEDpDCESERLLDERS. 7 RbEEBFREEOSAEYEKD 1 Hicas
ENB3BDTH5. ZIABBBEICOOVTIREILEL ORMEBTHONL TS, ThEBHHE
MREEZRUXSCEZ L ERTER.

REXTHRZHBBE LU CRHAINEHER (bank of tubes) DBMEEDOHERS KT D
NTW3. COHFRIBEXICEHZE SN Reynolds ¥ & HEDESE, HEWER, Hho
HRDOFDEILE L Nusselt & DORJIC—EDBEBZEBRANIZENB[3]. Lr LT DEAIC
RAEHE2RZ 1EOHERE LTERHDTVEDTRIENDAS, RNEROSALBED—
RILBDBERDCEMTES.

HESIZLEKE LT LEOHERE LTHELTYW L bhbhoirgcil, THEOEEEH
HIEZERTAHEORELINO D TH 3. THERANLBHRTL2HEDEHEN D pa-
ttern |3, HEHOZNERBHLRDERL S TWEZELTFEINS. BRE LTESD LN
BEFIOHEICIE, BRLBWTERAEZRNAGRNED LS BEEE2THEIMENST &
DSHETEE 125 . RIS ZERINE WEA T 2 DREORIEEY, HEFLERDOERK
CE > THIINB T ENTFREING. TRbbak (HEF) &85 (W) EoEEfE
RAMEDESfTEbNEh, LS EEHOMICTEONCOMEDEHNTH 3.

2. BER D F ik

O b OO BENIZHEFIOME~ DHEEOEREELMB C ETH 2, BREOMMNE
WODT, LB FENEE L. 2 THRERSAFET I EIC L.
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I3 Uy EiEI % protector OHICHID TH 23 ICBINT 2 EAEDOBERIER LEY 5.
EIHTRREEHIBHEBERANCT, BEOLFEELAUET 5T LICL > THEDRRE
BHARDBCEMTEB. '

EERT 1965 4F 4 BhAIL S 5 A LEICHY THAKREFEHMEMER - BEAKMRR
AERBZCBY ABBTIAREBOTTEONI. CORROBHICOVTREN - 5
cHick > TREINTVAL]. £hick b E M=8 @ nozzle Zf1254A, p®=50kg/
em? & LCER 40mm OMENERE (1260mm?) OREDZ 5 ANAETD 5.

F B EMEAF OBEES 600°C i LGh, #ikd 28BL0%), MEBICEY
% & EAHARBEIEREBEREOVEICEE LIOREICEB T 520°C (2 10°C) TH 5.

HhbhDOERICH T sting (3 Fig. 1 12/Rd X 9 K 40x30mm? 732 REWHEEE &

Sting and Model.

Unit of Scale=mm

Fig. 1.

5> T3, HEIT stainless steel T 5. Sting O FRIIC W 30X 20mm? 13 5 2R AHS
BV, Selsic model #EET S EMTEB. |

Fig. 1 It7R9 & 5 ic model ® M DOMEIT teflon DX HHICL-TEELTHS. M
DERIT 1.00mm, EEIT 286mm ThH 3. ZOMiE4S 4dmm 9D teflon @ hicHBIAA T
HEDT, [IWICESZINALHOEXIT 20mm ThHA. HEDOWIEICITEL lead A8
DTN, sting ONEZE-> TRIEFEFFICE PN S.

BERR, THROLLHEORE-BHEMELLAGEREERD S22, HEBKREHE
sticgscsic Lk, (Fig 3 28R) ATXHAHKT 2 2 Bo&Bid, Hi#, BELE
RIEEBBERLCENVCE LWVEEZS > THWAZENET LY. FHEEFIRFEENH D
KREVERESREICLE S0, BREBRIHBENREOVEBID. COXIBAEEEL
T & nickel Z3EA. Fig. 2 BCO DL BOYENEREBRELOBGEER LD

¢ 4
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Cp : Specific Heat at Constant Pressure(cal/4yC)

X :Thermal Conductivity(cal/cm*C sec)
.~ :Tnermal Diffusivity(cm¥sec)
ol S Kk (Fe)
02 N§‘~~ \\\\ 2(Ni)
‘--_- < A‘Ni)
n(Fe) Teel3 ————==w
== ‘—_—j/
== ] T
OlF -
Ce(Fe) Ce(Ni) E
Curie Point of Nickel|
0 100 200 300 40060)

Physical Properties of Iron and Nickel.
Fig. 2.

DTH->TLS], LRDEBEPBYDBLERLTNSEZ ELNbAS.
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Relation between Thermal EMF of Model

(mV) and Temperature.
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Fig. 3.
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y Relation between Thermal EMF of Model
(":2{ @ and Temperature.

[ “Ni (impure)

3 {0,

10} Nl(puré)/

8 'Fe(pure/)/

Fe(impure)

, 100 400 (°C)
-2} '
Fig. 4.

B35 pen ¥ ¥ oscillograph Z T+ ICBRAAIRETH S LA 5.

ERRICIE S 72 model DEESHIEMIX Fig. 3 & 4 1ICRLTH 5. SOMEDMEHZ
FAYBOBRENHATHS. L LEED lead OMEIRZ, AEEE > TRPRMPOZ N
MEERNTH 5720, ITQEWITFTTRULEARCBY 2BEENZMELRCT
13155 155> » 2. Nickel OEEOHE T Ni=99.7%, Mn=0.3% T& 5. Fig. 3 IT;RT
model {C BT, nickel D lead MOMBRIMARELE LS BA—TH 5. LIt > TRT@OR
PRETRTEAAIBARENRBEELEVR T TH S0, FRICEB EMITRTXHIC
EhbOTHOTLOREEABED ON. OB LUK 2RENDOEZEL R FEIC20
Tiddh L THHAT 5.

118 lead BOBEREIL, $:12 0.25mm, nickel { 0.20mm TH 5. FTHESAIZIT T
P54 King Solder & #5392 Eism 600°C DRWARANWTEELTHS.

Fig. 4 1t7R L7z model ¢ B0 T, nickel @ lead MOMBRR#MBPE P ILVEATE
D, QBRI EALHOHBEENIMICRLILELD, FELLSD D H - 72. Tild model fF
REDIZATH T, KEUORABEELTHRATRETH - s, FH L model % {E
DETETOREHURBEEL -720T, LA ZTERICERATSCEIC L. B, C
D lead FOEXD 0.20mm TH 5.

Fig. 3& 4 It 2Q~@B 2 &M, TRTCEMETH 3. FIcOid model &k %
BRI OHFICB oL & lead ROTIHICEDON S AKLENITH S, Lic 2 » TRUCTRT X
S O=@+@+® F/ld O=-@+0~-@ BHHEENEBEICKILTS3TTHS- L
DL OO EEICREDENEC AT, COBRRPLEINTNS. Th3EA
BERREICE L iﬂﬂi?&%&ﬁ%ﬁéné.
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Relation between Temperature of
Edges of Single Cylinder

C) and Running Time.
400}

A4
L

Stagnation Temperature on Gauge

300 M=8-0
/Chromel
pg=488kg/cmt
N
Ni (pure)
200+
Diometfer=1-00mm
“Alumel
{00}
0 | > t (sec) 3
Fig. 5.

XBRIT model DHEOHOMERHOEELRL FEED~2. =0 7-% Fig. 5 I
NI &K 578 model E-7c. MHIEEANICORLDERUMED nickel TlE-TH3. 2L
THIHICERE 0.3mm ¢ chromel & alumel % lead #1& L CTHEE LThH 3. 2O LS
model DHGLE S &EEIFFIE OBZEBERL, ChEREEOBRICHRET 3 &RICRT
HARDSZ 5N B. Thid model ORI OBEIEREHEEMLI, DX S IKERLTWYL
DERNTODTHS. EED model |38k & nickel 2B H7-5DTH - T, nickel 72T
AHEEEELTOIBALD LI ERZIZTTH 28, #& nicke OB, HH, BELSK
RIZENBLEALEZELNCTEDND, EFED model OFFIEDEE-IEMBEEATLED HZ
T EBbns.

ZC T Fig. 5 O Fig. 3 & 4 KB 203 LCQOMBAERIRIT S EIC & »

T Fig. 6 o X5t diENnz oh 3.
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Relation between Running Time

"“\2” and EMF at Edges of Model.
_Ni{pure)
_Ni(impure)
™~ I
L Fe(impure)
Fe (impure)
0 i 2 _3 4 1(se0

Fig. 6.
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HREERIC K > T model @ lead iR IC R b1 2 MEE LERRE L ORGM A
bNfc12 5, Fig 6 OfBORAEE L ZNZENMA TP S &, model DM DL

BHBBRLNE T &I 5.

BEEREMZIDICR, o X EAAREZRBEAT 20BN H E. TDI12H
nozzle MFTHIC chromel-alumel BENA B %, ZOHILE S % pen E X oscillograph D EZ

GiK bicHRRg S e 1.

3. RROFEOERNEE

SHNIC model Ik D#HICEE LI FOREAFCELTE, Chhs—HTh 3 &
ZRETSE. CORENEDREDEBEDHHNTELVODTH 205K 5.
JNTHA “BUZER7[7] ickhiZ, ERABEOBRIORESGEH 0=(r) TEZ bh,

ZRH r=a KBV TEE 0°C 0BEICHBBBTEONEIEAOBBREN T 3. DIl

DLDNDEARZEBINTH 20, CHRBICFEOHBICTERLNAS, COEAFATEC

EHTES.
CORBICBT 2MaFRERRROCELEZ NS :
a9 029 109
3:=F (a—rzl—ﬁ;)’ 0<r<a,
LTk BEENLEBRETH . BREMR
r=a BT 04
5= a9,
t=0 [T O=F(r)
THb. TCT h
9=7

TH->T, hIAEDOIMERE, 2 BEEORLERTE 3.

b s

(1)

(2)

(3)

(4)
2 f(r)=6
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=—EDBROREEZNEITATHS. MEOHLHMOEESE O ET5&, ZDHEIZ

po 2 D) gt
On=0e o Foan I ¢ (5)

THEZ oD, ¥/1-HBEOERE r=a ltBF2EES 6, L30T, 201

s 2 TG aet
Oo=0:2 T Jatay it () (6)

THEXAONB. T JoJi BZhZNE 1 B0 B 1 BED Bessel B TH 3. £
LT A& i

xJ1(x) —gado(x)=0 (7)
DO nZEBDERTHS. \WE ga % parameter & LT, Onffc BL O 0,/0. OfE% g%kt D
B E LTRIRT A& Fig. 7T o &L 13 5.

Transient Heat Conduction in Cylinder Cooling from Surface.
0m/€c_—_0°/0c—-—'—.
I-0
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Fig. 7. Transient heat conduction in cylinder cooling from surface. fm : axis temperature,
0o : surface temperature, fc: initial temperature, g=4/A, where h : heat-transfer coefficient,

A: thermal conductivity, #: thermal diffusivity, z: time. (From Kawashita[7]).

HEMAEOREZIC DN TRIE] KHESNTVB LS BAEENE h T 3. Hic
Reynolds $& Nusselt (& DB %2 Fig. 8 DL RENTVAS. T DE{#IZ temperature
loading 7, 4 7bb '

T=(Te—Tw)[Te (8)
KE>THhOIFrEIhrDEEINSE. T T, T, i3EdEE (CK) TRENWETEHS LU
BEmMAETH 5. EEICE =0, 0.2, 0.4, 0.6, 0.8, 1.0 OEBAMRIN TV, b
NONDOBEBRRICEBNTIE t=0.6 OELEFMNEB+HSTH 5.

Fig. 8 itB81F % Re,, Nu, 1 &, normal shock wave D% FDHENICET 2ETH 5.
LUHND model DA~ DOEKBICH LT, CHoDEEPELTALS. EEMBBDOES
% S0kg/em?, JHEEZ 600°C & L, BIEMICESL T THBERIT VSO ERELLS. (E
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Relation between Nusselt Number and Reynolds
Number of Cylinder at Temperature Loading O-6.

15 7
%
/
%
s
L/
/
7
10 i
/
e
Nu, pie
5 //
/ ’
10 20 30
+Re,

Fig. 8. Relation between Nusselt number and Reynolds lnumber
of cylinder at temperature loading 0.6. (From Laufer and Mc-
Clellan[6]).

BRETORBENS 2D, FNEEELCHELTOBRBRORBRRIARERALTHS.)
T°=873K, (Ti/T1)-(T/T1)=0.970 75 T>=847°K, p,=1.59% 10 ‘g/em?, v,=2.28
X 10%cm/sec, pz=3.81%x 10 *poise, L -~ THEOER%® 4 & LT

Re,=dpavs/ 12 (9)
13 950, L#-h8->TVRe,=30.8 125, [6] ickbE
V Re.coNu, (10) w

BABESEDONEDT, RREREAEL Nu=144 £55. Lichio TAEREHK
h i

h=Nu,’|d (11)
ARENTRD SN S, da=1.46-10"%al/cm-°C-sec &3 5 & h=2.1-10"%al/cm?-°C-sec % 5
5. ZDEH S, protector A BINBRICEK T B EE FREE D 400°Clsec BETH ST &
BTFEINS.

RIT(4) D g 2kdB. 2 & LTE, nickel OBEBOEOFHEEZZ, 0.2 £HL.
FT5&E gm0.1 L12. Lzl - T gax0.005 (¢ I¥BRTH 5 H» 5 0.05cm) & 172 5.
Fig. 7 BT, ¢a=0.005 €35 B On/fc & 6of0: vs g?ht DEMERIZIZ E A EME NS &
BONBY. - THEABREGHIEELELL, BEELHELORESHTRI—HKTDH
BEREFELTHIBEAEBELELIL.
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PlED#ZEIC L -»C model @R DEEEATHICE S —IRTTOMEES LTS € & 2T
x%. ZOWHHERARIRDOLSICEDT 5!
89_ 06

(12
LT sz (0.—0) (12)
2T 6, 351 DEFIC LN - TEHEFETA. HAIRTF b 12

_2mah _2h

(13)

—nach_;c;
EVHEENH L. FIERALLIIC b BRZERE ac e RENFNMEEDEE, LE,
FBETHS. (12) 2EICHD, HBHO:YD 6,0 B—ETHBERET 5. MPLEFR
| Ormo= f () =0, (14)
THOEARDLEICHIZVEER—HTHIEIEETS L, t=0 KW TiE (12) 0AFD
D 1 HARRTE5D5
(%f)m:b@—@i) (15)
NS REERAL 5NE. Lich-> TRAOERE ERAESbINE, BRICHART b
DRD B, (13)h SAEEFRE h BRDENB.
FEOHH ¢ KB 3HAERD 30, MEOTRORESES R &V IRHEE
e, ELLEKICKS. 2 TCHEDES R [ &b %,
Ore0=0,-1=0; (16)
EVIBREEARETS. COEEDRBIINEFEL8] itk->THbT ENTES. (12)
DiR*%

i

¥

§=6,+6,--0, Q7
EmL L, 0,0 3FENFNRDORTHEZONS:
=0 (inh{(blk) (- x)} +sinh{ (Bl£) 22}, (18)

smh{ (b/ )Yz}

oo 1 s bl’-l—S‘ﬂ:zI: .
e 6*>2{s_<zyz2(+—s%s7J Pl as)

l
xmﬁﬁmﬁ%%fﬁéﬂb, BERBICIE 0, 7FBENT

06 2b 1—-(-1) wt 57:_;:
5= (0= 3)2[ } sin = (20)
E#B. t=0 OREEEZELD &
6\ _2b,, oS [1=(—=D)I . szx
(a)mo _;(He 01)521{ s ]sm l (21)
L35, CORDOHPOERBIDFIIT
2{1 (= 1)} in =" 0<z<l (22)
S=1

] T2
ThBH5[9], EU (15) Mz 5N 5. '
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4. REBEOHR

HEFIOERETIS TR, FFEMOEICONTHEANTH . DRI Fig. 9 1«
RLTHE. CORTBEBNTRHICERTNEAR, DU EHFAHFLEICREDODNILEAR/R

6(°C)
400

300 .
Relation between

Temperature of Single Cylinder
and Running Time.

2004
M=8-:0 , p9=49-0 kg/cms.
~ ,Ni(pure)
100} Ni(pure)
Diameter=1-00Omm.
Fe(pure)
N e (impure)
0 20 a0 60 T (sed)

Fig. 9.

ER, 2EERMTHEH 60sec 2BUT, RLT—EBRESEL-72ENHITLETH 5.
DT LRI EHEABEPRECE>TNEEAERTIOD, £ & b BT gauge |
CEOLNIEDPODORETHZ00, L0 HAICODNTRERORIMMD A S50, KigTi
CODTEICELIIALTNC LT 5.

LEHRBEDG ZPPICHICER UET 2 2 &b 5, MEORES EHREICHELL
WEWSERBL N, Lizd>ThUbIZRITO~: EHRE 0. % ERIGICm5
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CERARAfeE s 57z, 2 TERE 0. ORI t=0 CBWTELH INILEALRE
6 2R3 EicLic. £-T (15) BROLHSICEXEHEINS:

20 . \
— = ge*_gi 23
(6:),=0 b*( ) (23)

b 13 b EIR—HKLIV, HEFOEAR b OEdEL D, T L ANEHEROHEME
; MEETHLIP DO, (23) CL->THHENERTCLENTEHDTH 5.
! Fig. 10 i3 Fig. 9 OBHIOTHOBMEEIA L TRLLbDTH 5. C ODHORE-FF
MRt R &, t=0 LB 2RELREAEEZRDZCERUSTLERETR AN &
Bbhs. '

00/0r DREBERD L, t=0 O & SFHEHW 5PN T, 0.3~0.4sec DH7- h THRA(E
LD, ZOREBAKWEPNER 5. RYORELFEEINNSOEBIAS HIC pro-
5 . tector DBFABGHEICEAKRL T 3.
Tl
Relation between Temperature of
Single Cylinder and

6(°C) Running Time.
400+ Slognoﬁon Temperature on Gauge

: 383°C

420°C/sec

300r

2
@

200¢ b%=1-18

M=8:0, p$=49-Okg/cm®.

“Ni(pure)
Ni(pure)

100
Diameter=1-00mm

Fe(pure) .
At o70c e (impure)
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8mm FREIC X - T protector ORI DOREL FH- R, DEOEX 2cm #7FEHL D
IT 0.15sec dp->TNB T EMb o7z, ULichi-T £=0.15sec D& F ¥ ¥ T model |
X9 B RNMEFREICIE S ER TR,

RIC Fig. 10 iIcB W T t=0.3~0.4sec hphDICRELFEEOREBEENRLN S E
HEEZTAH5. (20) IckdE, b £ RBEN—ETHIRORELRFEFERIIEKBERY
KD LT IRTTHA. Fig 2 KXDERHARBEL EbIENT3ERAES . BE
BESBNWEZEZ TN D, (13) itk-T b BEEELICELTIZITTHS. TiE
BEUBMBEOBEEILXICHEDLLTOL. LEMN-Tb £ 2—ELEZ (20) XDETFW 3
POTEHEY, AEOREIFEEIPCRVEFHCEL LT RTTH-T, EBRER
THPTHCLETERY. LU (20) BEEOWMOBENSESTNEND T EEFE
LTkDIATH 50, EBIZ Fig. 5 WRTXHIBEELASED ONI.. ¢ DEAEERE
ICAND EAREORE EREEIZ (20) XOBEFTAEL L3 THERH 3.

LEHROTODHENCH [ & DR REBENICEL COHEDEBE R EEY £=0.3~0.4
sec DHIDTRICKENBIBRREHRPATICLRIRETHAS. THEIHENTESRE
LT BVEERESBCRESNRIENITEBEZISNE. CORRITONTHEEHIH
WiddTiinds, BeH< model OYBHBHEBEETHE L 7O TREIEE bR 5.
RTENB IS ICARFOAEOKROLZ WIEAR, COXIBEERILLBDOLANK L -
1z.

R t=0 KB 2EE IR EELEHICHMECERRTETH 1. FCTEALE t=
0.15sec LB AHEESL, BEFEEENRIUNIL NI EEAEETHEY, COBERDHE
EZRKY, BBE* o0 TEL. INEANT (23) 2ROEHICEEXTBTCEIRTS:
b3
(G 20

COXSICUTkDI-EMERED b* 13, Fig. 10 0B4ic 1.18 Tha. Blico -k
SiC (11) XDk 7 b OFBE IR 2.1-10 2al/em?-°C-sec T& 5. 'a=0.05cm, ¢=0. 1
cal/g-°C, p=9%/ecm® TH 205, ChODEE (13) iIthAT B E, 6=0.93 L1553, (24)
TELBRICRE ORECERNS - 7205, b & b* B oBE—%KTHIE, LA
BRINETHS. X-THEMUMIC

b*=b (25)
W05 B/RBED I DRONRHAEFIOAEREMOMCEREOEMELZZ 20T
H5MD, TOEYPERREISICBLLBIZITTH 5.

A%, b OETIRAEFOMEORE LT, TfhomEs0& L, £AICL 2 -

EEFSEDOY, b DATICLAT. T5& (@5 »5

mbi* [ab;* = mbilnb; (26)
THBT LS. HEOMEMNZE LV EDS ' _

mbinb; = mhi[nh @7
THHHMH

mbi*/nbj*;_rmhi/nhj (28)

o
Ed

A
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LV BEMNZ ONG. I m=n OBA, THHOBE—MEFICI 2L TIE, CoalliE

DRV RVSDERDLNS.

1) 3 ZOMEF

3ADOHEFICB VT, HERMOMENKEERE H/D %

H/D=1.0, 0.8, 0.6, 0.5, 0.4, 0.2, 0.2, 0.1
DCELEZTHIz. Model ¥z, 0.1 2T, ZOENELIETH 5. A test 1
& model ILDNTIEIT OB 572, sh* BEFRDFHED SRD .

H/D=0.1 @ model 1 fHEZRRNT, E02AH lead & LT Ni(impure) 285N T
W53, ZO1DHEBERRL Bh 7. Hic 0.5 & 0.1 OBFARATEERICHRMEHSD
5t k5T, EBCRCRENEE SO TRALTH 3. LerL 0.1 o4 Ni

(pure) % FW7zBID model 73 - 712 DT, FDHERAERA L.

Fig. 11 [fIEfED 15

Relation between Temperature of

Center Cylinder in Row

gec)| and Running Time.
400 §tagn. Temperature/on Gauge
373°C
' 76 °C/sec
300  Number of Lylindersin Row=3
M=8-0
p9=493kg/cm®
sbe=136
O-
20 HD H/D=02
D=1100mm
“Ni(impure)
100t Ni(pure)
Fe(pure) (. )
e(impure,
—H/sac Felime
0 05 | 1O t (sec)
Fig. 11.
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10 -——-~---——--~;---‘L——---
@
ah/she ® HD
®
° FL~ D=¢-:00£0-0)mm
| &
osl. M=8-0
p9=(493+01) kg/cm®
Stagnation Temperature in Equilibrium=(527+3)°C
0 05 0 H/D

Relative Heat Transfer Coefficient of Cylinder
in Three Cylinder Row.

Fig. 12.

R, 2RIz Fig 12 tRkLTH 3.

Fig. 12 pobh b L ic, H/D=1.0 OEA1E 3 AOMNE OREERKIZL L &
WA %. LU HID fEA/NSL§5E, hRICHLUTESDBREORZERBIZREIC
/NELY, HID=0.1 BT shifshe=3/4 £753. DX > BRERIE 1 HTFHEL
1L lBHTH->T, ARIFIOHRYELATT DTS .

AEDOLEAELD 0° BN SOBRBOESE 0 t43L

8~ D(Rey) 12 (29)
TH 55, Rex10® ZFINT 0~0.03mm THBC Enbnd.

o, BMAEOBABSTE T AL TEINGLDE 20 ICENLAET, MO
DFHEBHRFE->TNB EDDhB.

) BEEXROART]

HESOHEOBESHFREBROBATE, RNOBHBERLDT, ¢ TRERDE
BROZS T E LIz, $18Db5 3, 5, 7, L 9 KD MHH:F) model #fE-tc. ¥4 HID
39 ~T 0.1 &L+

MIkEIZ 9 =T Fig. 3 1t/ L& 5 72 Ni(pure) % lead $icfE » T % 3. A %

WDT, &FICDONT data & 23T ICIZNHDTIE D - 7. TORTENTRL ZHEI X
LTHEY, 1@ETD data kb ohcTinz.
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D=(1-00+0-01)mm
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Stagnation Temperature in Equilibrium

=(527+3)°C

Relative Heat Transfer Coefficient of Cylinder
in Several Cylinder Rows.

Fig. 17.
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Stoney # X.0¥ Markley[10] (3 Mach 2 it B\ T, HEDOFESL REDZRN ICEMAICE
WTEZEARTELTED, 2084 Fig. 18It RxLTh . ZONE Fig. 17 & %<

Typical Wall - Temperature History of Flat-
Faced Cylinder at a Mach Number of 2.

7 TR P CXER ELE S BT Srn oo
o5 ok 18 .
900¢: {Mode1)
9.8 sec
[~ 7.8 sec
; {—5.8 sec
800 BE e e 3.6 sec
@« =5 3!
& S s 2.0 sec
2 SEEEREE B (Time used)
2 RF EEEE o e Eay .
Sa 700 B EEie 1.6 sec .
€ = =E T A= 4‘)
2 S £ = 55
3 S E
%* 600 i i e =
3 i T 0.4 sec
500 =i 57

o 8B 6 4 2

Fig. 18. Typical wall-Temperature history of flat-faced cylinder at a
Mach number of 2. z: distance along front surface from center line of

model, r: radius of model, °R: Réaumur temperature. (From Stoney and

Markley{ 107).

SNTRZE, BICAROABOSZNVEAREFBIL TR Ebh 5. THIFHESND
MEDOEABME 125 E, BEIFNLEDL SITTRICUIEEARTCEEEKRLTEY,
BLIHTONIERBIBROGEEETTOIDETZA LD

@
Phot. (1)~(8).

(1) Protector in closed state. (2) Protector in opening state.
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(3) BFBEMMEEDBEATSH 593, sting OFIH TH N choke 33 & 5 IR A RFLRHS
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