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agreed with that reported by Fanger (1972), while tt scattered ina relatively wide range
for a given suit

The present study proposes a new approach for predicting fcl as related to the body
volume and the clothing microenvironment volume, and defines bi as:

N
1) fcl = (1-Vfl/L Vi) 0.5

i=1
i;<m

where, I!IL = volume of clothing microenvironment (m 3)
Vi = voiume of i-th body component (mS)
m = exposed body components (e.g. head, feeet and hands)

Assuming that volume of the head is 7% of the totai body voiume (Vb, m3), equation 1
can be rewritten as:

2) fcl = (1 + 0.93,VJ!fVb)0.5

Since all the suits tested enclosed the entire body surface with the exception of the
head, equation 2 can be compared with the observations. The body volume and the
clothing microenvironment volume of each subject were determined using the water
displacement method and the method suggested by Sullivanet al. (1985),
respectively. The predictions showed a good correlation with the values derived from
the photographic method. It is therefore suggested that improvement in the prediction
of fcl has been achieved by incorporating clothing fit.

Acknowledgements

This work was supported by grant No. 16(RC-1 0) from the British Columbia Science
Council.

The authors wish to express their appreciation to Mr. P.J. SUllivan, Miss C.A.Gaul, and
Mr. L. Brownlie, School of Kinesiology, Simon Fraser University, for their cooperation.

49 Biophysical devices for measuring heat transfer through
clothing materials
G.A. Levell, U.S. Army Research Institute of Environmental Medicine, Natick,
Massachusetts, USA

At our Institute the assessment of heat exchange and vapor transmission through
clothing materials is currently achieved by a series of techniques and devices.

1. Wettabie flat plate - Heat transfer properties of fibers and fabrics are carried
out by use of a heated, wettable flat plate. The plate consists of three separate heated
and controlled sections. All heat leaving these test sections passes through the fiber
or fabric. The plate allows the user to determine the dry heat transfer (clo) and the
evaporative heat transfer (in) of flat pieces of materials before they are made into part of
a clothing ensemble.

2) Copper hand - A sectional copper hand is employed for prototype
handwear items. The copper hand has twenty-three thermally Isolated sections which
allows the evaluation of totai and individual regional insulation values of handwear
items.

3) Copper feet - Two sectional copper feet are employed for footwear items.
Each foot has twenty-eight thermally isolated sections. Total and individual regional
insulation values of footwear items are processed on a microcomputer.

4) Copper manikins (static) - three types of manikin are currently used to
measure the static heat transfer properties of clothing ensembles.
The first type consists of single circuit manikins which allow the measurement of the
overall insulation and permeability of clothing without control of the surface
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temperature pattern. The second type allows temperature control of specific zones.
Such manikins allow the measurement of insulation but not vapor permeability of
ciothing ensembles. These manikins have fifteen individually heated zones which
allow control of the surface temperature pattern. The third type of manikin is a sectional
manikin which measures ove'rall and individual regions for insulation and vapor
permeability properties. This manikin has six thermally isolated, individually controlled
sections which allow control over surface temperature pattern.
All of the static manikins are presently manually controlled with AC power. Work is
underway to modify these manikins with individual DC power supplies thereby allowing
use of computer control and data acquisition system.

5) Copper manikin (articulated) • This manikin has nineteen individually heated
zones that control surface temperature pattern and measure insulation and vapor
permeability of clothing ensembles. This manikin has the potential of generating
walking motion up to 1.56 m.s·1 thereby allowing the study of thermal changes in
clothing associated with movement.

50 Heat loss from boots under simulated field conditions
W.R. Santee and T.L. Endrusick, US Army Research Institute for Environmental
Medicine, Natick, Massachusetts, USA

During cold weather, reduction 01 footwear insulation due to exposure to moisture in
the form of liquid or snow is a significant problem. The current test procedure is to fit a
dry boot over a sectionally heated, copper foot and apply 70kg of pressure to simulate
the compression effects of body mass on insulation. The results of the standard test
are based only on data for dry boots and are presented as a single value for total dry
insulation (IT) derived from a weighted summation of the heat loss from each foot
segment. The standard method ignores the possible reduction in effective insulation
due to wetting of the boot and regional differences in heat exchange. The presant
study describes the regional and overall effects of exposure to moisture on heat loss
from footwear and discusses the advantages of this additional information in evaluating
cold weather footwear.

Eight boots including leather, leather/synthetic, shoepac and all rubber designs, were
fitted over a regionally heated, copper foot modei and placed in an environmental
chamber controlled at ~C. The test:

a) IT was determined for the dry boot
b) Footwear placed in 5 em water for 7 hours, heat loss measured
c) Footwear removed from water, heat loss determined for 20+ hrs

After soaking for 7 hours,the reduction in frvalues ranged from 1to 23% for eight boot
types. For the combined heel and toe regions, the decrease in iocal insulation values
for the eight boots ranged from 5to 30%. The recovery in IT for wet boots 22.5 hours
after removal from water ranged from 6 to 9% for three leather or leather/synthetic
boots.

Current "standard" test procedures produce misleading estimates of heat loss from
footgear under cold, wet conditions. The performance of footwear under wet
conditions cannot be predicted solely on the basis of the performaMe ofdry boots
because the reduction in insulation due to exposure to moisture is dependent, in part,
on the design, materials and construction of the individual boot. By determining heat
transfer from footgear mounted on a copper foot model, the degree to which standard
test procedures underestimate heat loss under field conditions can be evaluated. On
the basis of such.evaluations a recommendation regarding a possible modification or
addition to standard test procedures for evaluating footgear shall be presented,


