10-110

10-156 Two persons are wearing different clothes made of different materials with different surface areas.
The fractions of heat lost from each person’s body by perspiration are to be determined.

Assumptions 1 Heat transfer is steady. 2 Heat transfer is one-dimensional. 3 Thermal conductivities are
constant. 4 Heat transfer by radiation is accounted for in the heat transfer coefficient. 5 The human body is
assumed to be cylindrical in shape for heat transfer purposes.

Properties The thermal conductivities of the leather and synthetic fabric are given to be k = 0.159 W/m-°C
and k = 0.13 W/m-°C, respectively.

Analysis The surface area of each body is first determined from
A, = 7DL/2 = 7(0.25m)(1.7 m)/2 = 0.6675 m?
A, =2A, =2x0.6675=1.335m?

The sensible heat lost from the first person’s body is

L 0.001m —0.00942 °C/W Rieather Reonv

KA (0.159 W/m.°C)(0.6675m?) T, A~ Too
1 1

=0.09988 °C/W

leather =

conv

hA (15 W/m2.°C)(0.6675m?)
Riotal = Rieather + Reony = 0.00942 4 0.09988 = 0.10930 °C/W

The total sensible heat transfer is the sum of heat transferred through the clothes and the skin

T,-T,.,  (32-30)°C
Riotal 0.10930°C/W

T, -T,, _ (32-30)°C _20.0W
Rconv 0.09988°C/W

Qsensible = chothes + stin =18.3+20=383W

=18.3W

Qclothes =

stin =

Then the fraction of heat lost by respiration becomes

f Qrespiration _ Qtotal _Qsensible _ 60-38.3

- - =0.362
Qtotal Qtotal 60
Repeating similar calculations for the second person’s body
L 0.001m
synthetic = =0.00576 °C/W Reynthetic Reonv

KA (0.13W/m.°C)(1.335m?)

Too2
. ) . MWW\~

1. . —=0.04994°C/W
hA (15 W/m?2.°C)(1.335m?)
Riotal = Rieather + Reony = 0.00576 +0.04994 = 0.05570 °C/W
T-Too _ (82-30C oo
Rgw  0.05570°C/W

conv —

Qsensible =

f Qrespiration _ Qtotal _Qsensible _ 60—-35.9

- - =0.402
Qtotal Qtotal 60

PROPRIETARY MATERIAL. © 2008 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.




