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Swaying Plume by Free Convective Heat Transfer
from Horizontal Cylinder

by Kiyoji MIYABE
Tetsuji KATSUHARA
and Eito MATSUO

In this experiment (used spindle oil for fluid), the oscilating phenomena or
swaying plume is observed to vertical and longitudinal direction of the heating
surface by free convective heat transfer from horizontal cylinder. From the authers
results, the frequency is related to the buoyancy force and may be corelated to the
equivalent height from the center of the heating cylinder.

. I L=

KR ZRTE & L e B TREBVEEIC R
T, ERXROBEBN I RENEROTFET L L
N, BETZOFERIFFC Lo THEIR T
%0

Bishop %Y, Liu &2, 1L ZWTFhiH
FAFEA O FL.LEBO BRI L b 4 U e B ok
BRI OWTRN, %7, Forstrom 5 i3
FRZeR 0 BRI T b R R AR D bhic
BT 5, EELDO— AL, CO, Tifkg Fuic
HBEARE B AV Z O ERC K\ T, kR
MOBBHRAEEL, SOTCAHRGEA Y
FAEH R COREZ A v EOEHARWRAZED
EBRPIC DI, ZhbDBE LD, EELHDH
L, KPR BANTREAVERIC T 2 BT
OBEHIRERRRL, FAEOCTFET S DT
e kEz, DNTCRNZERIFECEF L
BT ThL,

0L B R R ERCEEML 5 UL, 851

DEECIRND L 5 I BEHOKMAER L UTHB
LB THA S, Tickhh, miflfnd 21k k
DOWs Y 7 OE (BREC L 2EZ8) KEHh0%

BOMIL BRI ETH S
2. & =

H: XEMAERLL O EEZ CTOEX, L 2
BERS, W: Z8EPGEhE FESEE L o jEEE,
d: ZAEERE, . EREERERE, 0 BEA
LTI, dt=t,—1,, g: HIDOHEE, B:
ty & 1, DFEFEERE 1, 3T 5 HEZIRIRE,
T fREREY, S0 SEEHREN, m Js XU fRENE
ErEd s, No=a-d/i Xl MR, R,:
G,ooP, v 4 VI, G,u: gBatd’/v?, G,x*: gBH?Q,/
W2 A-P) BIEZ S AKTE, P,: v/a, a: Bz
ERE A BVZER, v BIRERREG o REE
B/R, 0,0 BAEIY)BINH,

3. EREEBRIVBAEARZE
MEFMEOBR L EZT L, hroRETEO%



6

W ie T 5 HWT, FHT 27 ) VIR CEYER
Hiz 800 < 800 %1800 mm WNEFEOEBR G2
HL, Witk Lcizrey Fuvw (AAELS) %

R——

T
L

=== - —

L1l (r,m]
Qil Bath 800x800x1800 mm

Heated Surface
I I jiig

L.mm| 800 600 400
d .mm| 4838 271 271
Material |Gun Metal [Mild Steel [Mild Steel

B1 AEBEREBRTE

FA\~too 28 e LTt (1) Tadp CoME 48.8
mm £ X 800 mm, ¥ LA AESME 27. 1 mm
< () £X 600mm, ([I) £ 400mm 0}
D FA LT, WO BEKX » BEfREE X 1
W, EBRRELX2OEHICRT, »

(1) DE&AFEE, K3 alrRTLiEs 42
mm O/NFRSE i TA EL, 20 @~y 5
FLToEabE, &F 840mm DO DOuHl
VELToo /NETeT By 7 &0 E G TERE
AEWEL BT, RERES XD IERCHEL
5% k5, ZEEOEEEOHTTIC 907 F5E
45, 2mm FEO/PNFLEBHTBAENEHAT L7
BTh b, =o/hfliicit Cu—Co 0.1¢ BEXS
% 16 &X 3 b DB A TRIMECHARZEL T
HRE U oAl o BAREYaE % V- 5o

77;) ———-——‘l- - J

840

O-RING

TEST PIECE r‘[/ M22 W
)4

© S| g - f
(c) %77F

UNGLAZED
CERAMIC_TUBE/

¥

4C,
WALL/ ~25J10
K3 & # md

bEicRT LA, Fe—2s 2, flje—7 2
NEBEIN TR, WRChHLHIe—21% £
v — 7 OGS EfE K T 5o f{fSh
%, &e— 2T EREEC =2 A VIRICED
N7-0.5¢ = 7 v ARRCEIMET 5 HrkE AV,
BEL ) EEFEEY ~CEEFARRC LY AR
i LOHEBY e — & FAE AT 5o

(1) OZEEE, o mErRiEOIMNTHL



Thh, thaxty MROLDOTLDTHOEN
B HER L 5T h, TOFMEN3 cITR
T, CHIEAERES IO —JEREESHCT S
12D TH 5,

(M) Lo () DEHAFET, WTRbIME
27.1mm OHFAEEH, v—FF27 Ry 7
A T (1) RIRERBEE I = 4 A RIS B ie
0.5¢ ==7rxigEBEXNET 2 7EEHCT
W5, SO Zo0 ZEEICIT fBe — 2 13ERG
¥, FOREREE X4 a PICBETRTAF
A w7 > 1 mm iy OFIC BEE A A A TH
FE Lt e — 2w oh - B, 28
HEOBZR LOHEICIEfBI e — 5 DAL
RO EIIT bR EEXThDT,
wEILIEEOFEE T, HURERT 2L T,
%k RO FE A e THERRH LIV
E2 T5b, X4 bk (1), () ZEE D HRMY
WM OWXERTHOT, H1IKhRLI-LIIC
W R Y P CERETR D .

HEATER HEATER
la

14

—
l2 la—-»-—*la—ql-—la—l—la—-r—l *LT-(:

L| =
L L b | W

1} 400 25 70 200
2] 600 50 | 100 300

H4 = #% @ (L 0D

ERWWOREELGNE, X5 allRmTLIIT
ZEE TG X D WY eE & Hm OfEICEHRE S
72 0.3¢Cu—Co BEN (5¢ 77 7 AETHRIF I N
T\ 5) B~y EXDGHCEEL T EAAW
SEEE R ER A TE I THIET 5 Hkk H
Wioo TOHIEHIHES biRmkd,

WL L, & LTE, ACFRIERLERILES T
LG X b 250 mm Eih7c JE 0 TR HIE A
FAY AsPN

Glass Tube 5‘

CuCo 0.3

Thermo Couple
__ggp_¥”__r

| Hm

Horizontal Cylinder
(a)

(b)
X5 EENEEPAERESAER

HBREMEOEDN LBV THS, [1ITHLTL
H=100~1000 mm, [, IIxtL ik H=100~
600 mm, BAFEIYHBER X Wl Qe
10'~10° kcal/mh, Bf7mEfEY b BATH 1L g
6.5x% (10°~10*) kcal/m?h, g =>1.2 %X (10*~
109 kcal/m?h, 4i~12~60°C,

2

107 —
M A.)E
o2 ) ]
. e.@‘:ﬂ&‘{

Nul . > e ]
S Nu=062GrPn™* 1

10‘ 1 -1 11 1 111 1 1 ) AP O A B

10" Ra 0%

E6 Nu~Ra (Gr-:Pr)



—— ww(QQgV—

RN

(b) CO.

=5

=4 m

m

3

m

VA

£ 7

A

(c)

L]



4 EEBRERLBEE

41. & & =
ERIWHNOE & H 35 LOBER Q. 2% 2T
i, EBPewgmn b7+ s0c (5°C/h Ll
T), THIRREOHERLIZE 20w, HEEY
FAWTEEED XTI E (T8 5 L6 D L 5
Y, WAk LOHEERIREOFBIEL TR
DN, WEEIRE L LR LTCH WL TH
5o I, MOEZERENT, SHEBCHE e — 5 23T
Tigws, BZEY LCEPBEEOMATRTLO
o, FXFTEOERIIIZE A LD bR,
4.2. HEBHFEOEZE

bR fEEO RENGEEML X7 alc R
¥, R E A 7 ) — v % Sk
WELIPIThs, FAXDbIX CO. FikDBEEHR
FERHIIC 3V 2 & KRR & 0 O BRI A
DA TTEET, [AXa LEUOETHB 2

(a)

(b)

(b)
B9 ®MHHroRALMFHEM

ETEEEEEEE

9

Ll B HEEFUETAD HARMNIEEZIC I
WTC, ERSHROBMEEARSEEO X 51, A
BLBELICOR, BOLEELRUDTTHS

5o ZHNHLOBEE L BEINOME TR B FE
Thbo

FAXcix, BEEARLhE) 2T VEBHCHO T
FOIICHD IRBID fRD X5 —> BRLIZH D
T, Zhba, b, cXOEKREDTHELL
TWBZ Lo b,

X 8k B bOBEERESIT, MHEICER
W & LN B WEIDTFIET 50 BAOHEK n
W, WAL H, AT Q. In Y OSKMETRR BN,
KEE D & LT, H 23Kz 258 nid/v &<
e, BREOCIT n=1 X7ch, EE ¥k
X< 7% EBFITIT v=300 I ETZHDD
I b, EAMOERLEEDOFEXER LIS
L, FEEORWDTTHD 5o RO AT
HAMAVEZIC T 3 R oBEs L LT

¥ M
(a) L=800mm, H=200mm, Q =200 watt, n =4
(b) L=600mm, H=200mm, Q=200 watt, n=>5




10

3, STFHHAANALTCTFH U2 EERE L
LORRIN, EEMNHTEHS L 3, U
Tl d DIXEREB HEOMME, B2 VIXEHR
TIeWIRBEIR ¥ Z b Tes, B[O W E)
MAERBRCHEZEINT-OT, AL L AL
HERFRCe L, ERECIEEId 5 2 X BAREMTL
WL B X BERXETHEHS .

X 91X ptd AL bOBEGTEMIT, L X
ONEIFFE D FEBREFE 3 L O HOMEN B < i
%o

X 10 LB DB S B At E @O TRENRH
DARE—ywRLICEDOT, kA (1) W
CELWE FELNASE, (2) WREICET 508
M AHIO R m>1 OHE,  (3) WHEHICZEL
m=1 » ZOLh25%8, O=FERCHTHI &R
T¥ %, 1, 23BN HBRREWHETE S,
o LB E/mONIWEE 3D kLR
bhb, SITHAPNEIKBERRAREVEEITR

KRDLNBEATH S,
1 2 3
B 10 ZEAAOHERLS
4.3. HROEBE

11X 123 %Fh £ f~4dt, f~gRdi/H
DEME R LTS OT, Mf7REOERRIMAETD
FHEREL Try PLThSE, N122 bbb X
512 foo(gBAt/H)'” DRARANKIERLT 50 W
B E A KR O 224 1 (L=800 mm) DFEEA
DLZERUAL, MOERSESFEEOETH
%

L AT, MEIBMHOBEERN D, A
DOIZETR %, BIROREOHRE) & BE ST T
LTHh 5B,

FHOEEROE LB 2 THEBRELFHLC
HBEDOEDL b, 1, TRORELS
<o

(1) FEBE—AROK L AL, FATHRA

10
150
m//Y
Ito@inR=
Bishop y

@ir,

kS 735
| M
. X
g X Liucain ¥

10 %
L =800 . . /N/H/

e

/‘A"

o

f, Ve

Author °
(Spindle oil) A/J;;ﬁ
I

10° = Bpindi
indle oil
P ° [H= 100
A 200 | ]
. 400
A 600
»n 800
g 1000
10‘3 d) . T 02 ?
; ] 1 10
O at.%c
11 f~ 4t
100 - /§ -G
J - 1S
fé* - z ’/f
T o~
o —1 400 1 °
P L~
\% L—800mm/ o4 Tto . air
T et A A BRER
o ,:A A‘/‘2 — B amnm
o L e priwanied o 713
/2 Am:‘of ingieOil
‘ BULRE
-
107 v ’
10 10 10 ggat/y 10 10

K12 f~gpdt/H

YH, R EBTh S,

(1) BEEDOLINWEHT 5,

(i) FFERAEEE 00 3 LOREPERE on i
—ET, LIch o CHREE 40=0,—0. b—ET
55,

(1v) FEENIREHCIT —RTHIT, x-y EHO
ZTCHBNS,

BERSOM NI dx @ i THERT 2L &0
D2 EE EZ2BE KRR L b, (M13%
)

o



%*——W—I
|+ T
T

1
x

BB #FEFN

oy ©O oy
ondX 55 = 5% (Ta_;é)dx M
t: RERA

T—g[ dp-dx = g-dp-x (R 1D @

.0 ) o2
.ﬁwgg—gdpay+gdpxaé
_ oy, _0O%
gAp{ +xax2} 3)
.9y _ &Z‘B oy 82
R { 2L x ]
Qy 0%y
=p{htxga] @
ZZW p=g-40/0n
TR L TL T, OFDLIEEL,
y = X(x)e' ©)
azx 2X  C?
Xoxitox T pX=0 ©)

DEFDX H1ITEL

2Cv x/p =& ¢))
.® _2c*02 ¢ _ 4C'D _|_4C‘ GE
“'Bx _ pE o0& ox*  p&0of  p&rog
6) XeZ|mT5L

LY 19X _

ST 585+X 0 (8

(8) =¥ Bessel O AR T RMHIRA L
7550

11

X = AL +BY,(&) )
BERGEMHIRE (D Lho¥D X5 b,
x = 0: X = finite

x=H: X=0 ] a0
Lichi» CTHRIIRA TS 2 bh s,

y = AJ,(2C,v x/p)ei" (¢8))
7otEL Co ERRO| (m=1,2,3-+-) Th %o

Jo(2Cv H/p) =0 12)

12) RiFvb¥ 2 BEAFRERTH D, Cu 1R
B ChiND, KADIIK & FARNDO B
An WRD B,

2Cﬂll/ﬁ7; = zfm‘/H/(gAp/pm) = lm (13)

m=1 4 = 2.405, m = 2 A, = 5. 520,

m=3 A, =8.654, m=4 A = 11.792,

m=>5 As = 14.931, «--
COBIETIET AR — YT ¢ THbDo
(13) X% fu THLTCERTERRNL L B0

= 2 (gdo/Cou- D)™ )

bR dp/on=R4t L B X 2 BEHI2D
feo(gBAt/H)* DEEINC—T 5 Z L3FbR,
YRHIEMN SRED b XRHRF THsT L
2%, BITHERADARENICC LITIRE, T,
MATHER Dy — LBED NS — v ORI D
3, EROMITIIERACIL ) ROWRBERY
L2 TNBZ 2T 5.

Lo AT, BRo X i, Bfilces vE AW
T ENT TS DORE R 2 bhvicas, ERIEROME
EC LT, RIS Ih T WL ORJES
bdo INBEDWTHMTSNTEE )6

+ 5, EBOEEHRETL xyz ZRILEMBTHD
hz 0T, FCEAmEo KRB OBITAL S
V(@ PRV TN

1o, BEEOFES He:owci) X 10 R
Lickdic, WHEETCELLWHERH LT
=b6f,%$ﬁ®%ﬁk&tcfu,¢«fﬁ
HETOEE HEHAWTUN3, 2D L,
12 o> EREM 1/2 OFEiE b b b BEL



12
TWBREBRBHO—DTHD 5, Tibbitg)
DENRHIDEL M OLNDOECEATNETH
BrEX B WE—DOOAREICRIEAL, FHH

& UCHEMIC dp/0,=Rd4t 3 L0 pp BT

BLEEHDo Ouldty & t, DERTFEE t, 1
T BEE AT B0, EFOREER 1), @)
RE, B3WILERED BHIINLTUL, X
FE] x OBEE LTD pu L dp BT 5N
ETH2. LOLEALARETHW: Bdi(=
40/pn) TH EBRED A X R\ F L &bk R
LTWBDT, HIAME x O BBEKE: L HBED
4p(x)/p.(x) & dp/o,=Bdt ¥ DRIIZIT —EH
BRI T BDOTIER I EEL B, ZOEICD
WTIRESROBE L - THLMZRA S,
REORE, HEL S OWTOREEY LT
W, RAEECBT 2D OBERRL D, K
IRCICATE 2NELEL DI, FOHRITHD
BIEZ 7 7 & 78 Gu* %o BgIA A &
ADONDEDT, WRILIWEEK [H/v & Gu* LD
Bffa oy P LTH 4T, Misbiohnd
L5, fH /vee (Gn*)* O L bR, =0
B BRI L 2BEZL LR, 22T
Fuvte H B ALE VO 2 e RN
Y, FHRIOBEL LI, HMTIKkOMKS
CiRRBz s 35,

-
Py
S
.
A/v/o/ >
3 T fe
= s o %
16 n‘/“r%
T ——
= o . Lotz _— i
o,/ﬁizghﬁ~&%r°‘m°“f ol he
' U A i
[ Forstrom:ajir ' ® o
k.5 Uonsint gt | fully twblent | | 2 | $29
! i
10 5] d

100 s 10
Grn'=%—',‘(gp‘,—
14 fH2/v ~Gra*

3T, FHESY OWETIR, RBEREC ETO
RARLY, X1, 12k TEREENT HE)
BREELIEARNTEY, Fi2, Forstrom 59
LHUE, Bl HELHAOBEB I L ORI &
eBRIE—ED Gy* TRENZLELTWE (F
UEH), LarLiand, chbEoERyi%k

BIRNCERTHY, ~BOMEDOERIER D
REED BRI % RLUTH—BitEo vz
X, 13 DEE S OERE O M B BT
5550 ek, EHELOEREE L, EER
DIRFUIERD BT, %o, BB R L OEHOR
%Aj—(“\% Y (VAN LT 1o

KFHEDOHEd OFBL, AEBRCAbh
TAZBE CIIERD B s - 1o,
%%ifk,ﬂﬁﬁkloﬁ%ﬁﬁﬁDiéT
LTk,

Fio, BEICHERLICR Y Y P EOgEET
THROERRL AW TIT e -7,

HE rkg/m*=899.5—0.63t

MR pkg/sm=(1.20 e

+2. 16e7%7t) x 1072

BHfZHER  Akcal/mh°C=0. 113

# Ckcal/kg°C=0. 418+8.6x10"*t
1=0~80°C A &N 5%,

5 € 7 U

PLERNRI-X 51, A Y FAMETREL LT
RWWTACEFRE BRI BERIC 1) 2 LR
ORBHFOERERL LT bhi-o 2 bt
BHBHE, DEDLIThbD,

@) KFHEOHGENC ERLEEOEET 3
TENREDLNI, ZOBEIT, ATHEEBEALY
TMBEZC B W CAREHCEET 20 L E L 5
ns,

(2) foo(gRdt/H)"*=(gdp/(p.H)}" DAEH]
A3FRD B, 1RIEARER T B T ER T
LEX Bo El, HOWEI=FNOBHRERND
ZDONBRTTLH Y, BEANEBIRES L
DIEDOTE L FLIL T 5B,

@) J\EFCHT 2 F—D20RTF H 134
WEILTRETHH 548, SHRMET XM
Th5b,

4) FAERTFATIIREERERR S OB
D HELA~DOER R L OSERELIT E 7o 5 R A
ALY, EROERC X - TREAZCRS
DRFRBFELTD G OEIC—HIT o2 32
z2 5o



13

x1 = B OAEME S &V E #E
(Hy:m, t,, &, 4t:°C, 7. sec, f: 1/sec)
(a) L=800mm d =48.8 mm
No. | Hy w ty t, dt T f Nu Gr Ra Pr n | fH:/v | G,y
110.1]100.0 | 34.8 | 21.3 | 13.6 0 35.74 | 9.64 ¢ 105.7 | 6
200.0 | 51.3 1 30.0 | 21.3 31.7 | 8.15 ~%/ 45,6 | 3.62 5| 10.84 69.9 | 6
300.0 | 61.4 | 33.8 | 27.7 30.8 1 8.25 52.5 7.21 13.74 57.3| 5
400.0 | 72.5 | 37.9 | 34.5 23.8 | 4.20 56.1 1.365% | 21.8 47.2 | 4
500.0 | 84.5 | 44.8 | 39.7 30.3 | 3.30 61.0 2.46 21.4 38.4 1 3
600.0 | 97.2 | 55.1 | 42.1 69.0 4.07 31.4
210.1|100.0{41.4 |27.2 | 14.2 28.5 | 3.51 2| 34.2 1.581° 9.76 85.4 41.8 | 1.74°¢
200.0 1 52.2 | 30.0 | 22.2 40.5 | 2.47 43.7 | 3.89 8.60 69.0 35.8 | 6.54
300.0 | 63.2 | 83.8 | 29.5 33.2] 3.01 49.38 8.08 13.1 56.0 54.0 ] 1.867
400.0 | 78.1 | 42.6 | 35.6 | "42.0| 2.38 54.5 | 1.809% | 14.0 42.0 56.7 | 5.78
500.0 | 88.3 | 49.3 | 39.0 8.81 | 11.35 62.2 2.87 80.2 35.5 326 1.258
600.0 | 99.7 | 57.6 | 42.1 8.03 | 12.45 69.0 4.41 104.5 30.3 401 2.22
310.2}100.0 | 26.5| 12.3 | 14.2 78.0 | 1.282 | 34.2 5.13 ¢ 2.04 | 145.6 | 4 34.8 | 2.60 ¢
200.0 | 89.5 1 16.2 | 28.3 53.9 | 1.855 | 41.6 | 1.635° 4.10 | 106.3 | 4 69.8 ] 1.397
300.0 | 52.0 | 21.0 | 31.0 39.5| 2.53 47.0 4.01 7.59 79.5| 4 126 4.80
400.0 | 61.9 | 25.1 | 36.8 36.2 | 2.76 52.6 | 7.50 10.4 64.4 | 4 | 178 1.238
500.0 | 73.83 | 81.7 | 41.7 33.0 | 3.03 58.1 1.428°% | 14.7 50.5 | 4 244 3.24
600.0 | 84.9 | 38.9 | 46.8 37.3 | 2.68 63.1 2.52 16.4 40.6 | 4 272 7.64
410.2] 50.0|29.6 | 21.0 8.6 98.5| 1.015 | 28.2 4.96 * 2.04 | 116.6
50.0 101.1 | 0.989 1.99
100.0 | 35.3 | 21.7 | 13.6 66.8 | 1.497 | 35.8 9.98 3.39 1103.9
100.0 65.2 | 1.534 3.48
200.0 | 47.4 | 24.6 | 22.8 52.3 | 1.912 | 42.5 2.86 ° 5.64 80.8
200.0 51.6 1.938 5.71
300.0 | 56.5 | 26.2 | 80.3 42.2 | 2.37 48.1 | 5.40 8.32 68.4
300.0 41.1| 2.43 8.54
400.0 | 66.8 | 29.6 | 37.2 38.3 | 2.61 52.1 1.001¢ | 11.2 56.5
400.0 37.0! 2.70 11.6
500.0 | 76.8 | 34.2 | 42.6 37.9 | 2.64 56.9 | 1.710 | 18.8 46.9
500. 0 87.5 | 2.67 14.0
510.4]100.0 | 28.9 | 15.24 | 13.64 35.5 6.12 ¢ 131.5
200.0 | 43.7 | 22.0 | 21.7 44.0 | 2.27 7%| 44.6 2.19 ° 6.01 89.6 | 4 414 2.10 8
300.0 | 56.0 1 27.0 | 29.1 38.0 | 2.63 50.0 5.24 9.28 68.2 | 4 623 6.708
400.0 | 67.0 | 31.7 | 35.3 86.0| 1.161 | 54.9 | 1.016° 5.17 54.7 | 2 | 342 1.68°
500.0 | 75.7 | 34.5 | 41.3 79.7 | 1.255 [ 568.7 1.622 6.50 47.3 | 2 433 3.30
600.0 | 84.5 | 37.9 | 46.6 78.8 | 1.269 |62.4 | 2.47 7.63 41.2 | 2 | 508 5.57
6{0.6|100.0 | 27.9 | 14.27 | 13.65 35.5 5.67 * 136.4
200.0 | 41.4 | 18.61 | 22.8 42.9 | 2.33 42.6 | 1.870° 5.58 98.7 | 4 | 860 4.96 8
300.0 | 52.6 | 22.9 | 29.7 45.8 | 2.18 48.9 | 4.21 6.83 76.4 | 3 | 1040 1.61°
400.0 | 62.1 | 26.2 | 35.9 | 132.6 | 0.754 | 54.0 7.62 2.89 63.1] 2 430 3.7
500.0 | 70.7 | 29.6 | 41.2 | 119.7 | 0.835 | 58.8 | 1.239¢ 3.80 53.6 | 2 | 570 7.58
600.0 | 77.5 | 31.7 | 45.8 | 118.6 | 0.843 |63.5 1.750 4.31 48.0| 2 640 1. 30!
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No. | H, w tw t, dt T f Nu Gr Ra Pr n | fH*/v | G, z*

7/0.8]100.0 | 29.8 | 16.21 | 13.63 35.6 | 6.60 ¢ 126.8
200.0 | 44.2 | 22.4 | 217 | 39.4 | 254 |44.6 | 2.26°| 6.83 | 88.2| 4 | 1840 | 1.63°
300.0 | 55.8 [ 26.7 | 20.1 | 36.9 | 2.71 |49.9 | 5.16 9.48 | 68.6 4 | 2550 | 5.25
400.0 | 65.4 | 30.3 | 35.2 55.1 | 9.30 56.9
500.0 | 72.9 | 32.1 | 40.8 | 247. | 0.406 |59.4 | 1.399° | 1.960 | 50.4 | 1 | 525 | 2.20%
600.0 | 79.8 | 33.8 |46.1 | 233. | 0.429 |63.1 | 1.971 | 2.32 | 455 |1 | 610 |3.55

81.0{100.0 | 28.6 | 14.76 | 13.89 34.9 | 6.05 4 133.3

31.5 [ 17.17 | 14.32 | 191.7 | 0.522 |33.8 | 7.69 1.010 | 120.8 392 | 5.07¢
200.0 | 40.7 | 17.89 | 22.8 | 51.0 | 1.961 |42.5 | 1.777*| 4.57 |101.1| 4 | 1960 | 2.38°
300.0 [ 51.5 [ 21.5 | 30.0 | 45.0 | 2.23 |48.4 | 3.90 6.66 | 79.5 4 | 2820 |7.12
63.8 | 1.561 4.70 1990 | 7.12

400.0 | 61.4 | 24.8 | 36.6 | 282. | 0.355 |52.9 | 7.30 1.315 | 65.0| 1 | 556 | 1.78%
500.0 [ 69.0 | 26.2 |42.7 |268. | 0.373 |56.7 | 1.113°| 1.578 | 57.3 | 1 | 657 |3.21
600.0 | 75.5 | 28.1 | 47.4 |271. | 0.369 |61.4 | 1.565 | 1.753 | 51.3 | 1 | 725 |5.22

(b) L=600mm d =27 mm

No.|Ho| W | 1, | t, | dt | © S| Nu | 6| Ra | P ||| G

23 0.1 50.0 31.3| 21.310.01 20.2 | 1.066° 112.6
100.0 | 38.6 | 23.2 | 15.41  57.4 | 1.7427'| 26.2| 2.31 1.326 | 95.8 | 6 | 18.3 | 1.04%,
150.0 | 46.0 | 25.1|20.9 | 44.0| 2.27 | 28.9| 4.36 2.03 | 82.0| 7 | 21.7)|2.45
200.0 53.1| 27.4|25.7 | 40.5| 2.47 | 31.5| 7.31 2.58 | 70.8| 7 | 35.05.06
250.0 60.1| 81.0|29.1 | 41.0| 2.44 | 34.6| 1.151°| 3.00 | 60.7 | 7 | 40.1|1.007
300.0 | 67.0 | 34.5/32.5 | 36.4| 275 | 37.2| 1.732 | 3.91 | 52.8| 6 | 52.4|1.84
350.0 | 73.6 | 87.2|36.3 | 46.3| 2.16 | 38.9| 2.48 3.48 | 47.0! 5 | 47.02.65
400.0 | 79.6 | 40.5|39.1 | 50.7 | 1.972 | 41.3| 3.36 3.56 | 42.3| 5 | 47.2|4.85
450.0 | 86.4 | 44.8 | 41.6 | 61.2 | 1.634 | 43.7 | 4.60 3.33 | 37.7| 4| 44.3|7.87
500.0 | 92.7 | 48.2 | 44.5 45.4 | 5.99 34.4

2410.2]100.0 | 40.4 | 25.3]15.14| 80.6 | 1.241 | 26.7] 2.62 1| 1.014 | 89.5 55.5 | 1.007
200.0 | 53.3 | 28.125.2 | 72.6| 1.377 | 32.1| 7.40 1.462 | 69.8| 5 | 79.2 | 4.24
300.0 | 64.6 | 31.0|33.6 | 63.3| 1.580 | 36.1| 1.512°| 2.07 | 57.1| 5 | 110 |1.15°¢
400.0 | 75.1 | 33.8|41.3 | 53.3| 1.876 | 39.1 | 2.68 2.95 | 48.1| 5 | 104 |2.92
400.0 84.8 | 1.179 1.852
500.0 | 85.8 | 38.2 | 47.6 | 57.7 | 1.733 | 42.4| 4.48 3.27 | 40.5 5~1 171 | 5.41
600.0 | 95.0 | 41.6|53.4 | 93.6 | 1.068 | 45.4 | 6.59 2.30 | 358 1| 123 |9.95

250.4]100.0 [ 35.0 | 21.0]14.03| 56.5| 1.770 | 28.8 | 1.709¢ | 1.215 | 105.7 265 | 4.787
200.0 | 48.1 | 23.2|24.9 | 37.4 | 2.67 | 32.4 5.22 2.40 | 81.8 522 | 2.10°®
300.0 [ 61.7 | 28.6|33.1 | 34.1| 2.83 6.6 | 1.275° | 3.56 | 61.4| 5 | 520 |7.36
400.0 [ 74.9 | 34.2140.6 | 43.4| 2.30 | 39.7|2.66° 3.63 | 48.0| 5 | 770 |2.08°
400.0 123.0 | 0.813 1.281 1| 272 | 2.08
500.0 | 83.7 | 35.8|47.8 |111.6 | 0.896 | 42.2 | 4.06 1.605| 42.5| 1 | 339 |3.78
600.0 | 92.7 | 38.4|54.3 |104.2 | 0.960 | 44.6 | 5.99 1.955| 37.7| 1 | 415 |6.72

26 {0.6]100.0 | 40.7 | 27.0 | 13.70| 90.2 | 1.109 | 29.4 | 2.54 4| 0.936| 8.7 | 4 | 464 |3.02°
200.0 | 52.9 | 27.9|25.0 | 168.6 | 0.593 | 32.3| 7.17 0.623| 70.5| 1 | 304 |1.11°
300.0 | 62.8 | 29.3|33.5 |147.8 | 0.677 | 36.2 | 1.363° | 0.844 | 59.8 | 1 | 406 | 2.69
400.0 [ 72.0 | 31.0 | 41.1 |131.2 | 0.762 | 39.3 | 2.28 1.108 | 51.7| 1 | 530 |5.58
500.0 | 80.7 | 32.6 | 48.1 |145.9| 0.685 | 42.0| 3.50 1.139 | 45.6 | 1 | 543 | 1.04!
600.0 | 89.1 | 34.7 | 54.5 44.5 | 5.11 40.6




(¢) L=400mm d =27 mm

No.|H,| W tw t, dt T f Nu Gr Ra Pr n | fH*/v | G,z*
1910.1| 50.0{32.9| 20.b|12.38| 32.2 3.11 7?0 24.5 | 1.344* 2.03 110.7 | 2 27.6 1 4.79°
100.0 | 42.3 | 22.2 | 20.1 46.3 | 2.16 30.11 3.26 1.727 | 91.4 3 23.6 1 1.78 ¢

150.0 | 52.9 1 25.3 | 27.6 40.4 | 2.48 32,9 7.10 2.49 73.3| 3 33.9 | 5.14
200.0 | 63.0 | 27.4 | 35.6 33.0| 3.08 34.1 | 1.339° 3.69 61.2 | 3 49.0 | 1.157

250.0 | 71.6 | 31.4 | 40.2 33.6 | 2.98 37.7 | 2.16 4.33 51.7 | 3 57.0 | 2.37

300.0 | 80.5 | 35.245.3 41.6 2.40 40.1 | 3.37 4.11 44.4 | 3 53.8 | 4.54

350.0 | 88.3 | 37.9 | 50.4 42.0 | 2.38 42.1 | 4.79 4.60 39.6 | 3 57.0 | 7.64

400.0 44.4 | 2.25 4.36

96.2 | 40.7 | 55.5 52.3 | 1.912 43.6 | 6.61 4.13 35.71] 2 54.3 | 1.22°
20 (0.2 50.0  37.2| 22.7|14.48 | 82.8| 1.208 20.9 | 1.949¢ 0.883 | 98.9 3 47.8 | 5.30 ¢
100.0 | 46.2 | 23.6 | 22.6 58.1 | 1.721 26.8 | 4.42 1.510 | 83.6 | 2 81.8|1.827

150.0 | 55.6 | 24.8 | 30.8 51.2 | 1.953 29.5 | 8.51 2.04 70.9 1 2 | 110 4.49

200.0 | 64.1 | 26.2 1 37.9 50.9 1.965 32.0 | 1.4225 2.39 61.3 | 2 126 9.05
250.0 | 71.2 | 27.7 | 43.5 49.7 | 2.01 34.8 | 2.09 2.76 54.6 | 1 146 1.61 8

300.0 | 78.1 30.5 | 47.6 58.7 1.708 38.2  2.97 2.67 48.3 | 1 140 2.82

350.0 | 86.8 | 33.5 | 53.3 57.5 | 1.739 39.8 | 4.43 3.15 42.1 1 1 164 4.95

400.0 | 94.4 | 37.0 | 57.3 77.9 1 1.284 42,2 | 6.09 2.62 37.6 | 1 137 8.18
21 10.4) 50,01 37.2| 22.7 |14.48 | 93.1 1.074 20.9 | 1.989* 0.790 | 98.9 172 4,487
82.4 1.214 4.05 0.893 172 4.48 8

100.0 | 45.1 ] 23.2 | 21.9 | 137.9| 0.725 27.6 | 7.69 0.619 | 85.9 225 1.36

150.0 | 54.0 | 23.4|30.6 | 102.4 | 0.977 29.7 | 1.245° 0.971 | 74.2 158 3.23

200.0 | 61.9 | 24.3 | 37.5 94.3 | 1.060 32.3 | 1.837 1.212 | 65.0 241 6.26

250.0 | 69.0 | 25.1 |43.9 82.8 | 1.208 34.5 | 2.63 1.550 | 58.3 290 1.08

300.0 | 75.9 | 26.7 | 49.2 90.8 | 1.101 36.9 | 3.56 1.594 52.0 | 1 374 1.85

350.0 | 82.4 | 28.0 | 53.8 91.8 | 1.089 39.4 | 5.07 1.759 | 46.9 | 1 376 2.93

400.0 [ 90.4 | 31.0 | 59.4 95.3 | 1.049 40.8 | 50.7 1.920 | 41.7| 1 422 4.82
22 10.6| 59.032.7, 20.8|11.91 | 141.0{ 0.709°%] 25.4 | 1.315* 0.464 | 110.7 227 1,048

65.6 | 1.524 0.997 489 1.04

100.0 | 42.5 | 22.0 | 20.6 49.5 | 2.02 29.5 | 3.41 1.615 | 91.4 800 3.86

150.0 | 52.0 | 23.4 | 28.6 42.4 | 2.36 31.8 | 6.87 2.27 76.6 1120 9.83
200.0 | 60.1 | 24.8 ] 35.3 41.2 | 2.43 34.3 | 1.155° 2.72 66. 3 1320 1.98°

52.2| 1.916 2.15 752 1.98

250.0 [ 68.5 | 26.7 | 41.8 79.1 1.264 36.2 | 1.868 1.651 | 57.3 792 3.88

300.0 | 75.9 | 28.1 | 47.8 | 310. 0.323 38.0 | 2.74 0.476 | 51.0| 1 228 6.58
350.0 | 82.8 | 29.3 | 53.5 | 265. 0.377 39.6 | 3.78 0.617 | 46.3| 1 | 295 1.03%°

400.0 | 89.6 | 30.5|59.1 | 105.6 | 0.947 41.0 | 5.08 1.707 | 42.83| 1 810 1.56
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