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Analysis of heat retention and heat insulating functions
of animal fur using a heat flux meter

Toshio Okazaki" and Tetsumi Iwasaki®

Summary The heat transfer (heat flux) on the surface of the back and abdomen of human, canine
and feline was analyzed using a heat flux meter, and it was lower on the surface with much hair. A
measure of canine or feline hairs put on the sensor of the heat flux meter was heated by an incandescent
lamp, and the heat flux between the sensor and hairs was analyzed. The heat shielding rate of feline
white hairs was higher than canine hairs, and the heat absorption by canine black hairs was larger than
that by white hairs. The canine white hairs with more cavities exhibited slightly higher heat
retention ability than those with fewer cavities. The light microscopic aspect of feline hairs showed

that their surface readily reflects the light, and feline hairs had large cavities in their medulla to be useful

for a thermal barrier.
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Heat absorption experiment using a heat flux meter.

Light On

Heat flux sensor Heat flux sensor

a: photograph of the heat flux meter; b: analytical method of the heat transfer on the human body surface; c: concep

tual diagram of the experiment for monitoring the heat flux between the hair and the thermal sensor of the heat flux

meter.
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Heat flux (heat transfer) on the animal body surface.

Solid line: back; broken line: abdomen
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Fig. 3

Fig. 4
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Canine and feline white hair heat absorption and propagation experiment using a heat flux meter.

The figure on the right enlarges the heat flux data in the figure on the left for after the light was turned off. The

formula of regression curve of heat flux was shown on the upper right in figure.

V: light on; ¥: light off; non hair reference: without hair sample; s-air: hair with small air volume; I-air: hair with

large air volume.

Optical microscope observation of canine and feline white hairs.

a: canine white hair cuticle scale pattern (left: epiillumination) and medullary cavity with injected pigment (right:

transillumination), V: hair with cavity injected pigment, ¥ hair without cavity ; b: enlarged photo of canine white

hair cavity (dotted oval with arrow); c: 3D image of canine white hair cavity (dotted oval with arrow); d: feline white

hair cuticle scale pattern (left: epiillumination) and medullary cavity with injected pigment (right: transillumination).

Scale bar=100 2 m

192 —



W HT Vol 38, No 3 (2015)

MG, 2oL %\ (s-air) %0 (-
air) X W EGEHOMEDIE > 72 (s-air: 12475+
766Vﬁm,Lmn]2891i5L2wmn)o(ﬁﬂ%&
WIS UK OMEIZ RIS T L7287, 22
DE\NFTHZEFH D7, wﬁibﬂmﬁwﬁub
T2 E RSN (lair: 197.4434.7 W/m?;
s-air: 197.0+32.4 W/m?) o 1HJT 5 OB R AT O
I % 2ol it O e 8uR % T g
THE, A XBBYPEIRD /NS {-0.395, K
WTHRIHEPETET-0.219, 1 X BT
ZEHOB 7\ E DOH-0208, £\ DH-0.182T
-7 (Fig.3)o

3.4 X, AT BRI K O R st
41X, A2 EELFE I3 RES 0 F
\Z—BRi L CL iR s Lto%mﬁ%

4}%%@% %ﬁ@7%77u 5 AT,

B ZZWH B DD (Fig. 4aV) &% ?@)
D (Flg. 4aV) DEFR S NIz BHE BRI 2 A
ZOHEEIE. K

WD DI —HRITHI A - 7225,

FERIRILL 72K DAL & o TR 5> Tz,
A XHBOZET OB IIEME L iE > 2L C
Wi, FORRTEIBULT A720, RO NE
B 5, DML L7728 2 A, BEEIZSSEDL S
Wi TH o7 (Fig. 4 b, ¢)o P IHTDOYE
KD 7 F 7 3R IRCRICEM L, #
TR LTz WEBICIEA 27295 AD
KA, A RNZHART, L) EOZEREA R S
N7 (Fig.4d)s

4.4 X HEEBREBOEN

A2, A aHBERTBOEBBNIC X 2062
MBS ICE LT, B2 HRI U FITRLT
*E%E<Lf%%T“%§$Lt&:é\4
XHBREBTIE, REEEZERL, L~
AD L) IENAERZ R L, B ) #50H
HLRATZ, = AIHBHEBTIE, #HEBI
10 2 B ORI EHE < DO RE R OIS
BHET, ML ARRDEAEH IR E o 720
A XHBHTONES, BITBRIE. R

Fig. 5 Optical and polarized light microscope observation.

a, ¢: optical microscope observation of hairs soaked in blue ink; b, d: polarized light microscope observation; a,b:

canine hair; c¢,d: feline hair.
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Fig. 6

Sunlight energy and heat absorption, light gathering, and heat-retention capacity of various canine and feline hairs.

Heat absorption and retention were resulted from Figure 2.

Light gathering was resulted from Figure 2 and 5.

a: cavity-less canine white hair; b: canine white hair with cavities; c¢: canine black hair with melanin in the

medulla and cortex; d: feline white hair.
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