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Convective Heat Transfer Coefficient for a Man-Equivalent
Thermal Cylinder

Tohru MoOCHIDA and Toshihiko MORIYAMA
(Recieved December 26, 1986)

Abstract

This paper describes the mean convective heat transfer coefficient for an unclothed man,
which is one of the most important factors when the rate of convective heat transfer between
the body surface and the air is calculated.

An equation of mixed heat transfer coefficient by convection for an unclothed man was
derived based on the heat and mass transfer theory.

First, a general expression to give human body’s convective heat transfer coefficient was
theoretically obtained from the heat equilibrium between man and his environment. The
general expression is the sum total of local convection coefficients weighted with each skin
area ratio.

Second, using the expression and the dimensionless equation on forced convective heat
transfer, the diameter of a man-equivalent thermal cylinder was set at 15.5 cm.

Third, by leveling vectorially the heat transfer coefficients by forced and natural
convections and by formulating it with an approximate equation, the folllwing equation as
the mean convective heat transfer coefficient of an unclothed man was proposed.

hc=1.14+6.28 Vo&!

The value of this formula, compared with those of earlier workers, agrees well with the
values proposed by Nelson et al and Nishi et al, especially in the region of high air velocities.
In the low air velocity region, however, the locus of the formula derived here is different from
many other ones except for that of Colin et al, that is to say, authors’ present formula clearly
represents the effect of natural convection coexisting with forced convection. The shape of
the locus resembles that of Colin et al, although the values of convection coefficients are
different between them. The experiments using a heated cylinder were performed to verify
the effect of natural convection on forced convection in a low air movement environment and
the natural convection effect was observed from the experimental results.
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H=Hc+Hr+He=hc(Ts—Ta)A+hr(Ts—Tr) A+ xhc(Ps—Pa)A
= (hc+hr) (Ts—Ta) A+LGA ’ L

ZZw, HoERE(EAERED)
Hce : 3ftihE
Hr @ 5 < S
He : ZiEE
he @ RUREVRESR
hr @ & < HEMRER
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Ts 3R T
Ta : K
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Pa : B D AIEESE
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ToTa
R BT, EREH 2RI ET2ELOEER, ArBWERICL D& TEEHEN
AEETHY, E/z, S EHMEERh OEHEREIT R LBEHH»SEBEHTE 20T, &R,
TRBEER he PHEBAOICREL LR 5, L L, £ T 2 EBOFEIE gL <,
B 7L, HAUORRR R LBEEEL DL, BEXN 2> LBFBE—HEBRETY, B
MEELCHS>BEEP LTNEMBETCH > -BETIRE->ERZRL, SoCHuECER
LEMR»S2FOFEELEH T 5BET, ZEREZN TV AIFEHEROVWTIEHERT 3
PIZE > THEODPHTL 2, 20 & ) RMESBEL T, FEME Ts i 1'CoENDH - 74
A, BRREINCR(D) »S5KD SN 2 MBEEE he DERRIZTHELRIOMNER—2ThH 5,
#2 FEOWMIELSHREERICKIZY ol 2‘0)7%%7?%, I[Zj’g&ﬁg?jyﬂybs 38CE \34°C @
B TPCEDFEWT, hc OEIZ S0UBBEDOENA LN
578, EEEZ Db OOEEOMI, FYEER
DEHA 0 BERESNTVEIEE2EETS
MIAEEE R | 5 5513 191990 | 264 | 2.39 | 2.16 . - T R P
(kcal/m?h'C) £, EOBHRXEAVwLI LD, EYHEED
B 0.5~1C iz, Als gl L 7z Ehazlic &

he=

THEE TsCC) | 33.0]33.2133.4|33.6133.8]34.0

O CARA L2 BE

H/A =50 kcal/m?h, LG=10kcal/m?h 5B & O, NRBMGERICHMEL THIVH
Ta=280C, hr=45 keal/m*h'C XHEARDED LD LRI,
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2ETHANVERZE & LI RBEERORD FICH L, BMEZRPE L LoERIEEC
Lo THRBAGEREZRD 510ld, BELLILARETVOBRESER L L5,

FE BT 2 NRBMEEOIR TR R, BRILFEOSEL SSZBREIN TV, IhEGRH
T AR, KETIE, BLRE LIAKRE, KREEH ZVEIFEVE L LEBEOHEOE
BIZOWTRE 2ITE 5,

3.1 #hERER:EmMLEEE

HAADBRAOFHEEERIF 1.65 m? Bk L8 m? BE? Th 5, MHEERE diZR(2), (3)
PoBOENEDT, AMEORERE HEORAFEIEL EEOFERE IR, K—1, 2TRIN
3,

A=zl (RIEO ) )
A=rdl+nn(P? (EFHELED) 3
e, d:HEEE
At W
ETEE

n o EREOR (1 2)
M—14&Y0, A0S 28RBCHTIEHE L, FE 170 cm CEERE 1.65m2 0 A, EES
M 3lemeEHa N, HEO L THE O FER T L, M—2R2 51 1I~2cm ORBE %3,
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1.7
1.6
1.5
1.5 1.6 1.7 1.8 1.9 1.9
Hefght 1 tm] Helght 1 (m}
Bl RERER S A R (E o 2) B2 EEEREL I EERE (L THES )
3.2 BREOFMLMAEE 5" u .
MEOLLER LS ThY, AskiciEl L = 2
EHZ D &, MEOTIFER p (3 1000 kg/m* Fitg e 5 | g

BRETEDDT, BHEELVERELZBOME
EEdgR4)TcEbsh, B—3»8Bohn3,

() @
- '
-, W thE il £ =1000 kg/! -
p I ANEDNE R (W/prxid/2) 1 @
B— 3 % Rhig, & 170 cm THE 60 kg DA >
#2lem DEEICHL T 2 Z L 5FEA LN, KEH ol = - — T
PELWEAGLIBEOEZIL, #10cm i3 Hetght 1 {m}

YHIS i B, B3 EREAL S

4. BREN S L ABR L 2 osianEs

4.1 BEEMCEMLAEROEH

BHERTRE LIc AR ETIEL TEZ 58, 2850 < 200/ EIL, REBMr—
EORETEEZFOABCEEEZ, 2horoRoEEM AL TIENTELY 2D LS5 7%
FEAHCEDE, MEERRERL2E T2 nHOMBE THEE I LT 2 RIE L 275 81F, &5

T, R cEUDOAB)TERbEN S,

H=3Hi= 2 Hci+ $ Hri+ 3 Hei

=3 (hei+hri) (Tsi—Ta) + Sxhci (Psi— Pa) (5)
R

[
v
7
u

Hd @ #5610 & O3ttt &
Hri D #8471 25 D & < B E
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Hei : #34i7 1 5> & DT EAE

hei @ BBz 1 DR FREREER

hri @ #4710 5  BTEMEEK

x VA ADRE

Tsi: 807 1 0 R RER

Ta : KE(GEOSF, BCETAADAHE RO LART)

Psi : #47 i DAKELESE

Pa | B OKELDE

nE, SE(=5HHE) L FEBRSIZITE L RS LS R ERBEICB Y 5 ARMORELE L

2k, WEERESE 3 EICEFEEEME,SEMT 20T, SHPEIOKERIGEFZIZELWEK
o, 20D, BRHBMOEBRENTREEL 25 L, [BHELO THIE L USS
B & MBS FAE MR <, KERSIZFRIT I BB D 2 CATHE BRI NG 2 L2k 5, 2T,
MNEE~ 7 0 BI-Sa0 AR e B L oMoBTaR() L, B o olBE £ LR
Gl s, ROBEIESN S,

H = xhc(Ps— Pa) A=Z=xhci(Psi—Pa) Ai (6)

X5, ZOLSREBELEEOTTE, Tl THELANSBENATLE S DT, KERHA
2B BKESHE LRI 2 8FE T8I E T2, OO KBRS EEDS (Ps—
Pa) = (Psi—Pa) L 28 205, &/, MEE TN RISEORMRBEERES 25 L
T, TEOBEGENENNLD,

noo L Ad
hC:igthIT (7)

he © AR FHIREVRER
hei @ 8 i DRHFEMERR

A SrhEE

Al EROL 1 O

KRNI B WA OTIHEEEL %, 2 OFMOERILIC & > TINEFH L7 b 055, AMEOFEE
MBBEERIC 55 2 L 2ERL T 5, BOBz N, SEEE T 2 Y4B AOEREER
LR ETEEEARE, AMEE< 7 0 sl PERRBGERS, S5 IRARERMEENICE
iz B—FE e AR THEOBEREMET 2 2 £ bAEIC 2 5, &6, RANOFIE, Bz Nishi
SREELTLEMY, ZOEBXAVNTHINTES T, BEROBOLWREINTHEDT, X
NTHZ TEHEE R AT,

8T, NMEOBMIOSTH, RETE, BEREEL SOV TEEL DELHBH 50, K
TSRO EHRD—>Th 3 Hardy-DuBois 0 7 SERINEMES %50 L, IS
L&At E~F % Parker 5 DA G € FLOKEY 28% 103 5, Hardy & DuBois 3£ 5
% 7 OOEMICHEIL T, *OEHL
ErE—JUTRTHETEL T2,
—%, Parker & 345 Q&L E —E
DRETERET 5T CBE SRR
AMEEFLEREL THY, £ OHIE

[
N
™

% 3 Hardy-BuBois OE#itL & Parker & O#3%H
HE

# iz | VEHBH | M9¥ | BRRE | b | Al | OKER | TRR
HRLA/A(=) 10.07/0.18 0.18]0.13]0.12]0.16 | 0.16
AEERE d (m) 0.190.3110.3110.10}0.08|0.15]0.10
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WG SR EEEY £— 3 R T,

KRG E 3 B AN TSR 48, BEREEES & UEERRS ST RIS
B, A& BVREANC EMin B—ETOMEER RS AT, PEENTCE T 2 BRITHE
HEALCREED S,

BEOENEELEZ W, 77 MV BREBE—EEA5E 30T, BENHAEE M
LR FARO IR TERbEN S,

Nugor =nMen (8)

Z 2, Nugr : SHEFROAD X 2L b
Re v /0X#
m,n . EEH
R@Z LW H TR EER 25 2 2 AN RA L TEEY W, FMERdDE

HAOR /o B, .

n iome—1
a= (& g m)
22, d iBHREMEARLBE0OBE—HEEE
di (i oRBEE
A EREHE
Al EBAT 1 DERE
m R TTH O (EH)

ANNIANGE LD RBAORESFHEEEL, FIROBFED A WCEH L TH 228, ZhIC
SIS REMEE R E il AR O TN EESEEOBE & 3% o ¥, BRI & S0
REERTEEDILLIERERL TV, ‘

BEN AR E OB B)E, BEANRRW~0RETEZS N, £, RB)EERZER
MR RBEOEES L EETEZOT, ZRODRDIEH m L F— 31— ¢ % Hardy-DuBois
DEEL Al/A B X O Parker 5 DREER A 2ROWAKRAL T, EHERdSEHLEL L 22,
F— 4 OFEEBBON, WThOHE #4 ERER»SEHAR L HEEE
RIS b 155 cm DEME L 4o B Hilpert | McAdams | Mikheyev | Douglas

(9)

272, B1%(em) 15.48 15.45 15.49 15.24
Hilpert > Nugor=0.174 Re*$'8(4000 = Re = 40000) (10
McAdams : Nugr=0.24 Re®* (1000 < Re< 50000) {1y
Mikheyev : Nug,=0.18 Re**?(1000 = Re = 200000) (12)
Douglas  : Nug,,=0.464 Re®5+0.0004 Re 13

%%, Atkins & E AEDOHLMEE % 14.1cm®, Stolwijk i3 16 cm® 2S% Y L 844 L T 2,
%7z, £— 10 Winslow Dz 2), Nishi 5OR 6)1251T, HANTKOEE S HETE 3 FH
1 m/s OIRAET Hilpert OFERITTARUNEHEAE L7z L 23, 22N 6cm & 25 cm OEEHSHE
Sz,
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4.2 MRHBEEXRNTHN

2EBLTS-1HTEENZAC O VT, REREE LV ERGAOAEER L 31 cm,
BFREEEL S LRBEE IR 21 om, BVEERICEf 2 B 1349 15.5 cm OEE 2B 7, A T,
AEEERE 155 cm OME & v S BMEER D S OSINC L 2FEREHA L T, Z O REMEEERD
BIREZRD 5,

BEDOENRRIEHE 0.1~03m/s BE, »OARATETHY, BRI L EHNRO &5
5HMEL 2R OHFEERCH 5, WRMEEROENKEL, EEMEOSE I, BR
PR TIEEER, FomERCEL THRARRIC L > THERZHRT 225, LEOL S KERB L
VHEHINH & b R L 22 WERTORY v e LT, ARXTRER2EZCEH L -g8%
MEAMEER &, EEZAY CER L LBHRAMEEROEE, <7 bVRRIE LTERAL
BENRAMEERORWY 2 w2 22T 5, iz, BHENHROMKITHIE VA /L XEDOH
FCHIRRD 2 ETEORW), BANICBIL Tz 2 v 2,

hemix =+ hcfoe+ hc%at- {19
1ope L
— 4 4
Nupar =0.652 Gr (m) (Pr>0.5) (15

hemix B A IREMEESR
hena @ BN REVREZE
hegor & GRS TREMBESR
Nuna ©: HRMIRED A D X v b

Gr: 7o 2A%87H

Pr: 77> ik
0 VIEEEED 2 EERE 2, K
- RFDRBEREE T 2 b b, LR
| 34°C, KR 28°C L L, izEnzA
& BRI L E & 16.5 cm,
EHgEE 170 om & A-HEERL
T, A1), L VRO ER K-
TRENRAEERS2EH T2 &
— 4 DEFEBE SN D H— 4 D hen
DEZEBICERT 2885, 20
¥ FOE TR MELD T, EEDOH

~
[
™

tkeal/mhec)

ne

2 | ! I R B N B A i !

Convective heat transfer coefficient

0.1 0.2 03 0.5 0.7 L0 20 so0 &L TCaAMERRET 5 &, R1OT
» Alr movement  V  tm/si Fbah, IThrxr A KT 23y
4 AR BY 5 MRBEEROEMUR SHRBMEREER & A 1, S he

TN == =3 7

FEEE % he=A+BVY(A,B,n: /83 A —#) L LT, Simplex S22 L 285 A—FFERI LY
REL, B FEOERE2ELLDR, B—1cAaoNEL3c, BEETIRIEZEE L
TLRROBICELELZOOTHY, ABLU BV Bz L2 MERB L OB HaEER
BHETUBERLTCWARTIT RV, 28, BLOTBICL2BE LI 0TI, SBROEE
BREREELEZ B,
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hemix she=1.14+ 6,28 Vost .

22w, hel AhlET 2 N FREEER (keal/m*h'C)
V A (m/s)
ABDOERTHRL AN LBENRAGEERE, ROELHHB X5, MRS 5 7 LTCRE
%R L, Douglas D19 AL 2 HOBRESHMA D B, RO KENL L, BIZTEHEERH L,
Ele, RNE 7T AR 7 Gr BT ABOEEZ AT % 34—28=6'C £ LCZ /o3, AT=
4, SCTHELERAWOEFREEZ B L1077,

5. ANMF&BE L -RAMAGC & 2 BRERER

W FREMEREE OE % BmEam 2 i L ERIEFEIC L - T, B0 TED 7228,
BIETAIH-10 RS L2, RIS E b, EEAMETH L OREAVEREZRLT
WO T, R Colin & DX EF U S HfE RO T 20T, BERANROEE R 5 5 BT,
RD &5 B EBRERITR ST,

5.1 REMEOHFE
KEC—EHAT2MAE L BRE L OMOEFRRFEHEIRATEZ 6N,

Q=hc(Ts—Ta)A+hr(Ts—Tr)A an

2, Q @ REAE(=HEAE)
he : wfREMEER
hr @ & BIEMERER
Ts : HEZRER
Ta : KR
Tr : A <5HE
A FFEREH

VE, [BLSH{FREBELLRERSE ZNE, AERW~EFan s,

h hr 19

=9
(Ts—Ta)A

RWDOELT, HAE QZHBREE»S, £/, REE Ts Kl Ta GBEMICL D, &51Cs
(HEAVEEE I CRAERAVFSRHETE 20T, B, HRAGERh OER2HL Z &2
TE3Y,
5.2 R#H:ME

FEAMBHEE— 5 RT &5, By =V EOAEICERE 3.1 mm OFEEEGR 2 FE L <
BT, RET—ERAS L, BE BS5cm OAEEZAFTER» DT, 2B VEE
17.1cm, H& 0 cm OFEEFEAL T, FERE S0 cm BRI H X, L Timio&£410cm %
WrEdiE & Uiz, £/, RENZER D OB LIS EY, SFECEBL To L5 S HFEE 1.0 2 Huniz,
ZOFRBHEEZR— 6 1R T, KR E 5 EBOE L WHAR/NE (25X 2.5X 2.5 m) Ric@»hizE
BEREBICI 0 TERBRETR 572,
5.3 EBRAE

M—6 OEEEELET I LD, HNEERZRE S CHRAEEDOER TR >70h, &
ERTREE R HEE O IR0 & FHE 2 0.1~0.8 m/s OHIF CTHIE % L7z, 2k, HEEESH 17cm b
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X5 FEEME

6 [EEREE

H DR, BHEREEEO L0 o O M & & O [ Est
RETCOEBIEZD, RNORELZPVRELZ LBbhS
23, FENEGE D I3 FRREEE O b S HEO L TORE
HEC k> TR L7, MEOREIRIZAES 8 4 FTic BEN

o THEHEZRE, JRE &b IEFIEHS Bz, £/,
FIERER & REBDOEEZEY 6CICROL I A TA Ty 7 THEL TEB L2, Chi3EEr
ENTREE - BEOAMREICE U 2 RFOT )RR 34°C LR 28°C 0REERBE L bOT
b5, KEREZHMFOPIRIE &L [IRIE, &§4234+2.2°C, 174£21C Tho 7z, [OERZEE
13HELE, WO TIREIOFRE L W—ERE DS L7,

5.4 HERRER:ZEE
AEBR B S M B EMEEE & EH O
GEE— 7T, E O 37 L5 T
L-HE~TkE, RS TROTERE L
FEEEROETH 2, B— 71 EhiE, R
B3R b 7 SR EAEE R & EHMEIC 7 ) DB X
BHBND, LESIZZFOTRFERBEEL 2
FTEEED S OEERE D I, T L AER 3.1 mm

7
o~
Ny
K —
X
- +
[ . {E%
15} £
g 5 3
— 2 =
—
@ o
3 = (3}
Q 2
O =
O —
e >
= O
%)
N\
——— Hot wire

8 MHEMFEER:S

tkeal/m*hec1

Convective heat transfer coefficient he

© : Experimental data

b,
3 N b ten. 3%
=
6| P
////
—~
///
.
Ut s e
— K
=TT
— c.mix 1=0.5 m
I Tg23.4 °c
Tgl7ul oe
2 1 1 L I
0.1 0.2 0.3 0.5 0.6 0.8

tkeal/m?hec)

c

Convective heat transfer coefficient

Alr movement VvV (m/s]
7 %Eﬁ%% & hcmlx (1:05 m) @%‘f’g{[ﬁ

T T L

o

~

e Experimentol doto

)

g 1=0.5% x/2 m
b Tg723.4 °¢
Tgm17.4 °c

2 | I ! it
0.1 0.2 0.3 0.5 0.6 0.8

Afr movement  V  (m/s]

9 EBRER L hons (1=0.5X5-m) OFFEHE
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DEIFOFEL »C, B HABRECn 2 EEOE S 2EE L, AEAGEL*R— 8 Wi TL

S, REWCHLT, ERE »/dEH0T, BEHLELZOMNE—9 THs, B—9 Tit, =

ERfE & BEEREAEIF—B L TH Y, FABCERER COHRTROBELEITS T2,
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