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An Experimental Method to Measure Local Heat Transfer
Coefficient from a Distance

Motoo FUJII, Nelson MUGABI, Chouiku YOSHIKAWA
and Tetsu FUJII

The present paper describes an experimental method to measure local heat
flux from a distance. The method is based on the fact that when a wall is
heated locally, the wall temperature rise depends on the local heat transfer
coefficient at that point. In the experiment, the wall was heated by a power
laser and the temperature rise was measured by an infrared spot thermometer.
Transient heat conduction in a wall was numerically solved for a heated loca-
tion. The integral of the temperature rise is found to be the quantity most
sensitive to variation in heat transfer coefficient. If the integral value is meas-
ured within a 2% error margin, the heat transfer coefficient could be evaluated
within a margin of 10% for acryl. For metals having high thermal diffusivity,
however, error is above 80%. Automatical measurement with the aid of a
personal computer made it possible to evaluate forced convection heat transfer

coefficient of a flat plaster plate within an accuracy of 20%.
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Table. 1 Materials considered in calations and their properties

MATERIAL A (W/mK) a [m?/s) p (kg/m*) C (kJ / kgK)
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Fig. 2 (a) Effect of heat transfer coefficient

on temperature rise-Acryl
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Fig. 2 (b) Effect of heat transfer coefficient

on temperature rise-Plaster
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Fig. 2 (c) Effect of heat transfer coefficient
on temperature crise-Brick
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Fig. 2 (d) Effect of heat transfer coefficient
on temperature rise-Concrete

_ a,: W/m?K

0.15F @0 20-100

0.10 |- —
t IRON—ALLOY
< r=2.0 mm

0.05 8

O Il 1
0 0.05 0.10 0.15
Fo

Fig. 2 (e) Effect of heat transfer coefficient
on temperature rise-Hasteloy C
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Fig. 3 Ratio of accumulation, convection, and
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Fig. 16 Measured values of temperature rise

F—=sD7ay MTBOT, B OMEITE Caexp 3
L >Th b, MHDERZMBPLEDEEILDOT
OFEAE, —AERIEERLD THENES LER
SPGB T BB TH B, RIEMEIZEREOBR
FRIF-HBLTHEY, F—7ORE 53N H
EAX, THHDT— & SERNBIRER TS
ICEEER A BN T 5 L E80%DIELDEEHEL S
Zticls b,

B FROFURAEROEE LE URSEH TR
BUT AT 2K | #HEREBERK L OBFKRTT
oy b3 2EMIBDLDITE S, KITOEHARLDIE
BIBNTF— I D o2XRpBHRESINL, &
Btic L BHERRIZ L 2 BURTERTRTERE
TR LTVB, T, YRRy MCKDHAE
HERIAETRTHBEPIREICHESET 2EIGEN,

X10™*

15.0 L B L
t PLASTER ]
i r=2.5mm j
10.0 |- -
0 1
5 [ J
50} -]
i o Thermocouple 25, 28°C |
o Thermometer 25°C 4
o Thermometer 28°C 5
o]

Fig. 17 Comparison of measured and
calculated values of 47T's

20— ———————
PLASTER

AT;

rn=2.5mm

1.0} ]
two
o Thermocouple 25, 28°C
0 Thermometer 25°C L
@ Thermometer 28°C
0 AN
10
0 S0 ay W/m?K 0
Fig. 18 Comparison of measured and
calculated values of 4T
50 T ' T I L] ' T
- =1.0 A
s_) 0 e=1. 5
a 40 & €=0.95 a n
E 29
2
g i 4
3 30} |
0 —
€
o
£ i J
[ -
O
<
- 20 - —
1 0 i 1 I | L ] 1
10 20 30 40 50

Thermocouple temp. °C

Fig. 19 Calibration of the infrared
thermometer



BEYENEHATRE $25 $15 (1988)

L LA L B BN JAP
60} / -
S’
B <V, o 4
o Thermocouple ) )
— o Thermometer ,/ o oo ’/‘-
Vi ’ .
/ s
’I /,’f\'s\.
. 0 Va4 —
40 // = ’/
S/ ° a ﬂ/ J
L ,, ,
» x , a 7
s — /o ’1’ =
o ’I, ,/ﬂ .
” -~
20 — //I ’,F' ]
5 o 4
,I ,/
- y/ ,,/ —
/’/I
w4 o 4
O 1 l L _] "y l 1 l L l L
0 20 40 60
Qx,exp

Fig. 20 Comparison of ¢y * obtained by the
present method and €, .xp obtained
by the conventional method

12720, #EFEOMEMII=BEmERT OVIBRE two iC
KEHEEL, tw=28°C DERIEROMIGEL IS
> TW5, THIREIGICRT Y -2 Ky b OFitc
£B56DT, HHEEBORBRE & OWMEBEEIBEL
Bick-~CRREBCLEERTZEEL 5N 3,
KI8DEMB L LY —E R K w Mgk BHAIEMH”
5, THENERE LU EROERVBAKRE AV TH
EERHEEY LR 2 K207 T, KokthssA
RIELIC & 2 Bz E AR5 a. %, B RERkick > T
BONDME Aryexp THD ¥—FTZXRy bitk 5|
EARERBBEHC L AHERICENTETRESKE L
B, KRIEHEIC K > TR ERB A L 20BN TK
HBEEMTEDENVL B,

7. ¥ |

AR THONERBLOFAEEOBESEESH
ORFIBEETNES B,

1. M#LIEDBRE AR OREr#ERKA~D
KR, $ROLRAEEORER, Bz
MR, S HBLUCBANNOERICHE I NZEE
Kk->TRNES, Bifick b, &L TRERER
R1I2B4 DEHEICOVTI DRRDOLEZH S Hh
Lo BEGERENPEG/NIVT I ) VIRDOEBEIC,
ER LMD LB EL I Z, T, BBAEELED
BEREMDS TR THRESIZI0BLU T TH %, 15
B, SCHEAEIHEE0,95E LABETHI0%

PTFT, 5L e AR HEORE ICRITTHER
INE W,

2. B ERRH & SR & OBI%ERD 572
W<, BELFORERENAETEEBNICKTE L ORFHE
BICOWTREZIT > 70 REEOMENSRE LU & &,
IBEALGER D O —E DRER § TORE LR RO
B, OB ICBN TR BERE A~ DK
FHBKEL, AEOREIROEV. BE LFORK
HEORERE LA —E & L& X ORI ERKD
TRREEEZBHOMIC L, AR, BELAOEMME
DHIEREL 2B E LI L%, BrBRERKOTHRI
KEERT 7 ) VDB THION, GH DB TH0%
L1535, -

3. AE TER S N Bim % o 7o s ik sz
EOERD O, KRAIEEICE > THIZEFREE +20%
DINOKEE TRIETX 5 T EBERWNICHE S SN,
V=it X MBI AILE LIEREICITZ 3D T,

FHRZ Ky P BETORERE SEEL, BELR
At | BLUATRETEZLHIKEBLE, ABOD
BATORELTI0XEEE TED LT EHFETH
5,

4. BROBEEEOBETE, EVE&EBHERICDV
TAREEAZBAT L ERTEXREV, LL, 74
YOEHBEBEOHAECIERETE %, T/, 77
Y VEORBRERIVNS WIEE ROV TN
#ME A VER T UL, BA DOSRE T TRIZEREE 10
BREEORETHIETZSEEX 505,

5. AREEOREIMELS, BE LR OHMHMED S
BB RN A BN T ABIC 105 DB E DWIEN B
T he D1, MEABIEOEERESS L ORIEEA
RARE DIEHE S HRIE B & O L — F BB TR DHeHl D i hE
REESRARTH Do S HIC, L —HF —INEALE &
FARBE T OREHE & 0N BERR O EHEE
ICRE T A0END 5, ARATRAIEOBEMLE X
U=Zonal#hEBE A 5 C & TRIEDBR* Hb,
—ICOBRRBB SN,

6. AAEEIL, RROFE LRI FHFROBFHER
ZPET B HDDOITRAMLEL LTV DT, EREE
DIEFIBRICIL A LD 5, Bz ERKOBS
FHlEE LTORBEBS B EEZ NS, 12/XL,
SRFABBETICOVTHERT » A N—DFEHAER
B BHILE, BBEONRL LB R EAK S LB
H 5o

7. ARREEEEHELTTERD 50 I3/ S ISRBAE IC

J— 77 -



B R AVER AR O BRBRIE R

X UCEAT BIBA, AMTIT - 1 L RIS TR
K& -7, BELAHYTEBEERKEOBMOLD—
7S BRE RO T LELD B, T7, FFHIE
MBIT & - TBIZEFREDZEAL LISV &0 D RE DR
Y LBWRALEZL LN, SEREFRMASESREE
RBIRIZTEBICOVTHERMICIHSHICT .4
BhHBLEEZ Do

Bbyic, AHFRIIBM6IEECRERFHAE—

BHE (B) OFBILIKLDIT-1:bDTHB, TC
KELTHEBEERT.

X [

D BH 8, BhESR, WRSERRORBAIE
2T, BABBELSFESOEIEHESEEA
%, No.770~16 (ET¥, 1977-11), 138140,

2) EHIFEN, BTFE 414, BEABRBELR,
(1986).



