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Difference of thermal transmission from finger to wood or

other materials
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Distance from contact part of forefinger tip
and material to a point of measurement of
temperature,

HEEHIO x SICkY 3 ABBORKORE
Temperature of epidermis of forefinger at x
before contact with material.
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DM,

Temperature of epidermis of forefinger at x
after a lapse of 5 minutes with contact.
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@ENEBEEUOIERTIFA 2PV AT, EHHKE 8.5cm BE, ZONETZEBHHROLIALCA
REKZZLINBZRENH S,

o 2 FHETOREAE Table 2 1ZiRT . MHLELE &ILENDEVCEER L, G0 Harne 50
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Table 1. 8) X i€ & % # iz & % (21°C TIlE)
Thermal conductivity obtained from Eq. (8)
(Temperature of measurements 21°C)

’ Bom a o
2 : i i Aok R Thermal COlldl;lCtl\fltY
Samples Specific = Moisture kcal/mh°C
gravity C“(‘;;%“t | This method IOther method
v/ F #1 ‘ 9)
Chawmaecyparis obtusa 0.303 8.7 0.085 0.082
2 * ~ 59
Cryplomeria japonica 0.330 10.5 | 0.081~0.087 0.075
4
<z H v , - - e
Betula Maximowicziana ReceL 0.515 LS 0.140~0. 159 0.120
1A 5 7~ 1229
Quercus crispule BLume 0.581 11.6 0. 137~0.154 0. 122
= #& Plywood 0.475 9.7 0.094~0, 130 0.07~0. 08%2
’N}ithi/'clz ’];’O’;r"c{ F 0.624 10.0 @ 0.132~0.146 ' 0.09~0Q, 1%
[ e A ) .
1 If,s/ui;tl{on o F 0.275 9.5 | 0.058~0.061 0. 052
jL:F'Jogx(niectil ;.ﬁ?ié& - 0.041 0.035~0. 037 0.03
B ES Dry air ! 0.023~0.026 0. 0221

*1 Fig. 35 O, Result of Fig. 35.
*2  [RAHEFAARI:. Method of guarded hot plate.

Table 2. % ® # {& I &R
Thermal conductivity of fingcr

o s g B (& M WoEEE °C
WoE W ® B o i £ B
ermal conductxvlt} Temperature of
Part of measurement Date ‘ (callem sec °C) | measurement
l 44, 4 0.00128 l 34.5 ~ 39.0
oMo E O 4. 6 0.00113 | 33.5 ~ 40.3
Palmar surface of | - as =
proximal phalanx 44, 9 ‘ 0. 00105 34.8 ~ 39.5
44, 10 | 0.00123 ! 37.8 ~ 42.2
) —— B D —_
| ae 9| 0.00124 ' 36.3 ~ 43.9
i % 44, 10 0.00128 38.8 ~ 45.5
Finger tip 24, 10 | 0.00113 33.5 ~ 36.2
44. 10 * 0.00101 ‘ 36.5 ~ £2.6

FEEER 2 ~ 3 ROF5E,

Every value of thermal conductivity is average of 2~3 measurements.
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Table 3. AZARELAZTH IRl S #7c & = DT

Quantity of thermal

”yl [

transmission by contact of forefinger tip

1.2cm2 TH L6, 2=0 & 2:>2>0

with various kmd of materxah
FAZE R MRan | 10| BAMEALE
(Ts— 7Y/ | Thermal [(Ts— T)/ [hermal ?Mfc%n%]—aul Thermal
e k (x—xg)ltrans- —x5) lrans- lcon- trans-
Samples mission mission: ductivit mission
(°Clem) | q; X 10% | (°Clem) | g X 108 y on slide
(callsec) (calfsec) |kecalfmh°C| g5 X 108
; | (calisec)
AT g% X7 = (CD) 42 5.69 9.33 8.96 | 32 8.82
A7V VAR« ZAF—n (Cr. Ni)
Stainless steel 3.7 5.02 9. 09 8.73 10
L Selie 5.6 7.59 8.67 8.33 | 180 7.52
LB/;;S? v D +. 4 5,97 10. 36 9. 95 68 6.55
Glass 3.6 4.88 5.09 4.89 | o.68 6.64
7 Ksi‘jstgs ANA R ‘ 2.4 3.25 3.89 3.7¢ | 0.10 3.84
chra&r%ics % l 3.2 4,24 6.10 5.86 0.9 5.85
Azt 3.6 4.88 7.36 7.07 1.6 5.23
Y Brich 7 2.9 3.93 4.90 471 0.47
BEE (e = il
Poil;vln\l chloride 2.6 3.53 5,80 5.57 0. 252
by
@L%efieaﬁnﬁ 2.4 3.25 3.8% 3.74 0.252 4.05
7 = / — il e
Phenolic resin 3.0 4.07 6.11 5.87 0. 252
T S > O’;,thfwﬁ‘ 2.0 2.71 2.75 2.64 | 0.035 1.92
=4 / F* 2
Chamaecyparis obtusa Enor. 2.2 2.98 3.11 2.99 0.07 3.73
< B v o3 a
Betula Maxi mowwzmna ?LGEL 2.5 3.39 4.00 3.84 0.14
TI/Twdy FBEF I a7
Oak wood coated with amino 2.3 3.12 - 11 3.95 0. 157 4.58
alkyd paint Al
FY 2 F LS ‘
Polyester resin overlaid ply- ‘ 2.8 3.79 S 44 5.28 0.088 3.74
wood .
73 EIRA — =LA . .
Melamine resin sheet overlaid 3.4 4.61 6.00 5.76 0.252
it b T 2.5 3.39 4.78 4.59 | 0.10 4.91
d Loa bk z;rﬁ*‘_ ¥ 2.2 2.98 2.88 2.77 | 0.05 3.12
il hanrd. 2.4 3.25 5.22 500 | 0.100 4.38
Pa%{;er 2.6 3.53 4,20 4,03 0.15 £,.61
Fwool 2.0 2.71 3.09 2.97 0.038
hTaTam? (f:?ce) 2.2 2.98 3.33 | 3.19 0.055
_ i
Ly 2.6 3.53 3.44 3.30 | 0.144 4.26

Vinyl leather

Note: g1, g2 i (Ts—T)/(x—x,), (Ts—T)/—x; KDL,
g1 or gy is calculated by (Ts—T)/(x—x;) or (Ts—T)/—x..
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DEIBAC DO TH 4 CHIEHEEEET 2, x=0DEAR Ts—T/—x, 2> x> 00BAR Ts—T/
x—xs & LT Table 3IZ7RL, EMEN qo, ;1 ELTHODT, ZOFE kit 0.00113 cal/cmsec’C %
R,

@G ZEBETS X103calfsec PIETT NI =9 A BBARTH B, BEBEMET 4 X10 3callsec DA —
£—, AEHEE, KEMET 3 X103cal/sec OF—F—THBM, /%, RFO—NT 4—4, 4V
VaVv—Ya¥, ¥B, HRELEIHZLNEL 2 X103callsec DA - F—iLli B,

1 TEB Lo X S IcEmAsA 1 X108 calfcm? sec TH 255, FEMMNDPT & C ADBIEH
BE LT, 20°C HiHOBRTE, MRLE2 X100/ v—MRELEL RS, TOSV—TIT
RRELEOREE LM E LTARBLEL L LE 250, AHRMERIERLEEHE LA,

i3 EDREVEDBEVN, HRHCK BT ¢ EEEULTH S, Chid Fig. 36 ik ->THI
DeHT, BREREORENDIDIL g1, g2 bRELND,

SERMENCEN B84, BIEDUCETERB(RTS (BE) CEbE, LEEELERTEREDT,
20cm/min BETT oW A0RBERTER LD Figs. 37, 38 TH s, MOFHITHIE, LR
BEEETRT, No.l~5 0FX& LTEBERIEL D BEOEAOHFBETHLIE, No.6~9D#
SANERBILEBECS TV XML, No. 10~18 DAREHE, 7AXX TR No. 1~5 &R
BECBEEDETEMDPRE 45, HEARTREHORT &5 ICUMABEHE LN, HEHsS—kT
BOCEEHLHT . 2HEBROEEETELY, MEBRTORZUE ¢ 25E LT Table3 TR
Fo @1, G D/NEVEDM g TEWMAKT 2BEMBD 548, [WEOKEE TR 2 HITHATIERL, B
DEELEZ SN D

TR ODERDP S, PHERORMA 6caljem?sec L9 3 LLBHOMAIHEL, HrlkbToRs%
2.4 calfem®sec &4 BHL, B/ F, RFO—nTi—4h, EELREOESWET 5. oMl DM
TNBELTH S,

Il I S 2 | 1 IR S W |

1 1 T | L ! [ )
Ol 002 004 00500801 02 04 060281 2 4 6 810 20 40 60 80100
A (Keal/mhc)

Note : qi,q2 & (Ts—T)/(x—x5), (Ts—T)/—xs KDEK
g1 or gz is calculated by (7s—7)/(x—x5) or (Ts—T)/—xs

Fig. 36 ZMMAKOREEREA LEPICIIRESE 1, ¢ OHEE
Relation between thermal conductivity A of each material and thermal

transmission ¢;, ¢, by contact.
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34 . 32 . 34
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Note $Efft Solid line : {54Ei2 1l
Forefinger is in state of

30

quiescence.

7%t Broken line : $55£1220
cm/min 7 Forefinger
moves at speed of 20cm/

0 1 2 min.

] lFig. 87 AZEfREOBAIC LS
#1 6.Glss B ORBEAL

et Change of temperature

(RO
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tact of forefinger with
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34 7.any| leather

3 8. Foamed
polystyral
0 1 2 Q ; é
t (min)

34 12.HINOKI

Note 943 Solid line : 552 & 1E
Forefinger is in state of

quiescence.

¥4 Broken line: {512 20
cm/min TEEy Forefinger
moves at speed of 20cm/

i 341 14, Polyester resin 341 15, Hardboard
overlaid @
Fig.38 AZ{EEOEMICLS a i\
EMES ORI 0 LTS s YRS

Change of temperature
of contact part by con-
tact of forefinger with
each material.

34 17+ Particle board aa| 18. Paper

v \,
Vi W NANE

t (min)
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1) BRTTRIAN 2 A%RME, 2= PHIOMMEEREERNTONS VLIRS0 TNREREBIFO
MMET, BPETIREOEPICL-TEHE2H, I CEENRBOBEEEZELS S, I TRRLLE
ICESEEC X > TEEEZY 5. L VHEEOHMS AR EANEET, ARKBERLE
WREEBZES &%, CORPILICIERC X ZBETRSEVIZERENERIFLLIORELSE
Fiohb.

2) ERICK3FED SOBRZERE T VERIC X 5 TENE L, AZGEZEMMFHCEAX S, 1B
LFIEMEAGOMT, BIFRRICHY & 3 REEMHENACE I ZOBRLRUTREEL TS
X DI BAME DIRFHE SHERBENENSE 20T, RBLRLUEABSITERIZII VBT 88
OFHEEZ, W-1DIFETHES RKIEDIIBTNOMMEER ¢ 0HFERXEH N7,

3) WRTAREERANET 280, BOMEHERLE LD FHHET, HO XD LEREDDHE
HROILBEH 4 OIREED D - 7288, BESOHBELETREZHRICLD, BrsOMBTTHERT
YL, AHBOEE M ONAOT, ThTiEk, ENEETOREERERE L,

4) AEELD, BEMEICHMIC KB HEREOREETORTIE, Mo Fiskbinn s (Hb
7, Table 3 KRMEHLIZRT . £#:Fig. 36 IKRT & RizHRE M ORIEROEBEH
Ehoh s,

20°C DRAOKEMASIL L X108 em?sec & &SN, BT 1.4, 7T 2.4, PGETOLL (5
DHDHUEIT calfemisec) THEH o, AMPME, FEB, AF o—iw 7 —L3PTIEL, £B
BUIESERICHS T 2. INXD REOBRLOEBEOETIREEREH MY 521, K¥its & Dt
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Studies on Physical Properties of Wooden Surface 1I

Difference of thermal transmission from finger to wood or other materials
Masaharu Sczukit?

Summary

It is desirable for health to live in a nice, comfortable dwelling house. When we touch an
object (the furniture, the cupboards or the interior wall) with fingers, a feeling of warm and
comfort is aroused when the quantities of the thermal transmission are small.

The purpose of this study is to estimate the amount of the thermal transmission from a
finger to an object at a touch of the finger tip and find out the correlation between the
thermal conductivity of the material and the thermal transmission in contact with a finger.
In the experiment, the distribution of temperature on the surface of the skin of the forefinger
was measured. The surface skin temperatures were measured by the thermo-couple of 2 AB
type of Philps Co. and the variations of them with time were recorded closely. Figures 1~25
show the decreasing process of surface temperature of the skin putting the tip of the forefin-
ger in touch with various kinds of materials. X of figures indicates the distance between
the part of the contact (the side of finger-print) and the thermo-couple stuck on the surface
of the skin. The values of g(time = 0 min) are the temperatures of forefinger surface skin
and indicate about 33~34°C. The é-curves of v = 0 mm are followed by a sharp decrease
within 0~2 min. These curves of wood and improved wood do not drop mwore greatly than
that of metals or inorganic materials. But in almost all materials, the 0-curves of x = 10 mm
do not show the distinct change as mentioned before, and all é-curves begin to run level near
4~5 minutes of time-axis, resulting in constant distribution of temperatures along the fore-
finger.

If the thermal conductivity of forefinger is known, the thermal transmission ¢ is given
by the following equation.

q = k(doldx)+A (x=0)
= k(os—8)[/(x—x:)-A
defdx denote the temperature distribution of forefinger, when x = xx, ¢-curve is not decreased,
nearly equal to the temperature of finger and marked as ds. A is cross section of forefinger.
Figs. 26~30 show the linear relationship of (75— 7) vs. (x—uxs), where Ts— T is nearly equal
to 0:—9.

The thermal conductivity of finger was determined by a method hinted by Sakate and
Naxatao’s method®. Sample is pierced by a thin wire of electric heater. The wire is covered
by a glass fiber-tube cquipped with the thermo-couple. When the wire is heated at constant
rate of H calfsec, the temperature of the thermo-couple is raised from @; lo 6; during a few

minutes. The thermal conductivity is given by

/__H_,,l t_ﬁ
‘T im@-e) " h

From this method, the thermal conductivity of finger and samples were listed in Table 1 and
Table 2.
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Thermal transmissin from forefinger to sample is calculated using Eq. {4) and 0.00113 CGS
of Table 2, and mounted on Table 3. Fig. 36 gives a meaningful correlation with thermal
transmission in forefinger and the thermal conductivity of samples.

Basal metabolism of a human at 20°C is estimated as ca. 1X10-3 (callcm? sec). The
metabolism in state of sitting is 1. 4X 1073 (callcm? sec), that of walking 2.4X10-3 (cal/cm?
sec) and that of running 6X10-3 (cal/cm?sec).

From these values, energy loss by contact of finger with wooden surface, wool or foamed
polystyrol nearly corresponds to that of walking, and energy loss by metals is nearly equal to
that of running. The contact of finger with metals raises a reaction of discomfort and

unhealthy condition, compared with comfortable impression given by wooden surface.



