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TECHNICAL NOTE

Evaluation of Three Commercial
Microclimate Cooling Systems
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C.\DtRFrr BS, D-C.RISTOFANO BS. SPC KMSAN KL. SAWKA MN. permeable protective clothing to prevent contamination
E1valuarion oI three (onin, -ial ti-rocli-nate cooling s.• tetms. Aviat. from the environment. While this clothing is reliable for
Space Enmiron. Med. 1990: 61:71-6. . ) c protecting the wearer from the external environment, it
" Three commercially available microclimate cooling systems
were evaluated for their ability to reduce heat stress i4 men also creates a microclimate which does not favor h•,at
exercising in a hot environment while wearing high insuldetive, dissipation (21). The lack of permeability greatly re-
low permeability clothing. Five male volunteers performed tbree duces the potential for evaporative and convective cool-
1 80-min experiments (three repeats of 10 min rest, 50 metabolic heat as well as external heat
ing at 440 watts) in an environment of 38'C dry bulb (Tdb), 12'C
dew point (Tdp). The cooling systems were: 1) ILC Dover Model 19 sources serve to drive up the wearers' body tempera-
Coolvest (ILC), mean inlet temperature 5.0'C; 2) LSSI Coolhead tures (5,6,13). Strenuous physical exercise performed
(LSSI), mean inlet temperature 14.5 C; and 3) Thermacor Cooling with high skin and core temperatures will lead to re-
Vest (THERM), mean inlet temperature 28.3"C. Endurance time duced performance and possible syncope (15). To work
(ET), heart rate (HR), rectal temperature (Tre), mean skin temper- f
ature (Tisk), sweating rate (SR), rated perceived exertion (RPE), for any extended period in this clothing the wearer must
and thermal sensation (TS) were measured.\A computer model be provided with a cooling system to reduce or elimi-
prediction of ET with no cooling was 101 miW ET was greater (p nate the body heat storage (5,6,13).
"-- 0.01) with ILC (178 min) than THEIM (131 min) which was Numerous microclimate cooling systems, designed to
greater (p < 0.01) than LSSI (83 min)ýLThe subjects self termi- cool the area between the body and clothing layer, have
nated on all LSSI tests because of headaches. Statistical analyses
were performed on data collected at 60 min to have values on all been developed and tested over the years (7,9,10,13,16,
subjects, There were no differences in _HR, Tre, SR, or TS values 17,19,20,22,23). Many of these systems have been de-
among the cooling vests. The subjects' Tsk was lower (p < 0.05) veloped by the military to meet their requirements for
for the LSSI than THERM; and RPE values were higher (p < 0.05) combat vehicle crewmen (21). However, commercially
for LSSI than the other two vestsAThese data suggest an im-
proved physiological response to exercise heat stress with all developed microclimate cooling systems have been
three commercial systems with the greatest benefit in perfor- manufactured to meet the needs of the private sector.
mance time provided by the ILC cooling system, Periodically, the military will evaluate commercially

available systems to determine if off-the-shelf items can
Nbmeet its unique needs (3). This study evaluated the
N CERTAIN SITUATIONS, both civilian and milr- physiological responses of humans exposed to an exer-
tary personnel have to work in contaminated environ- cise-heat stress when equipped with each of three com-

ments. For example, they may be required to clean up mercially available microclimate cooling systems.
toxic waste, fight fires with noxious fumes, and face
possible exposure to chemical weapons. Any of these
situations requires wearing impermeable or semi- MATERIALS AND METHODS

From the U.S. Army Research Institute of Environmental Medicine Five healthy males volunteered after being informed

(Authors Cadarette, Speckman, and Sawka). and U.S. Army Natick verbally and in writing of the purpose and procedures of

Research. Development and Engineering Center (Author DeCristo- the research. Each expressed understanding by signing
fanot. Natick, MA. a statement of informed consent. All subjects were med-

This manuscript was received for review in March 1989. The re- ically screened prior to involvement in the study. An-
vised manuscript was accepted for publication in May 1989. thrnpometric nc'siurements of height, weight, and per

Address reprint requests to: Mr. Bruce S. Cadarette, U.S. Army
Research Institute of Environmental Medicine. Kansas St., Natick. cent body fat estimated by skinfold thickness at four
MA 01760-50(07. -.- - - sites (4) were obtained. The mean (-S.D.) subject age
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minutes, subjetts requested removal or the medical 200

monitor determined a subject should cease exercise for 175

his safety.
Analyses of variance for repeated measures were 150

used to analyze physiological responses at the comple- E 125..

tion of 60 min of exercise. as well as for analyses of total 1
exposure time and SR for each test day. A multivariate 8 100 -
regression analysis was used to compare the subjects' .5
change in Tre among the three cooling systems. All anal- ONI
yses were performed only on data obtained during the 50

first 60 min as it was the final time with complete data 151\1
sets for all five subjects. Tukey's test of critical differ- 25
ence was used for post-hoc tests. All differences are 0 L ..-
reported at p < 0.05. ILC LSSI THERM

COOLING SYSTEMS
"LESS THAN ILC AND THERM (p, 0.05)

RESULTS +LESS THAN ILC

The subjects' metabolic rate during exercise was 440 ~Fig. 2. Endurance time (X, S.D.) of subjects exercising at 440

(±68) W and found to be consistent throughout the wearing the three microclmate systems.

three heat stress tests. The mean, actual cooling rate
(Fig. I) provided by the vests was calculated to be 244 TEM R. MEAN WEI.HTE D SKINTEMPERATURE (Tre!. MEAN WEIGHTED SKIN
(±68) W for ILC. 222 (-_29) W for LSSI, and 108 (± 17) TEMPERATURE (Tk) AND HEART RATE (HR) AFTER 60

W for THERM, with THERM values being less (p < MIN OF EXERCISE IN THE HEAT: AND WHOLE BODY

0.05) than the other two systems. An endurance time of SWEATING RATE (SR) BASED ON TOTAL EXERCISE.

101 min was predicted from a computer model for sol-
diers wearing MOPP 4 and exercising at the same inten- Tre .1Tre T1k SR HR
sity in matched environmental conditions with no mi-
croclimate cooling (12). The measured exposure time iLC 37.7 0.79 34.5 15.8 13h
(Fig. 2) for subjects with ILC at 178 (-4) mi was (0.3) (0.2) 11.3) (3.6) (15)

LSSI 37.9 0.99 32.7* 20.0 157
greater (p < 0.05) than with both other vests, and ex- (0.4) (0.3) (1.9) (7.3) (21)
posure time for subjects with THERM at 131 (-±47) min- THERM 38.1 1.16 36.2 20.6 145
utes was greater (p < 0.05) than with LSSI at 83 (± 18) (0.4) (0.5) (0.5) (5.7) (9)

minutes.
Table I presents physiological responses obtained Less than THERM (p < 0.05)

with the three cooling systems at 60 min of exposure to
the heat stress tests. Although there were no significant over time when exercising in the three systems. How-
differences, mean values in three of the four indices of ever, these values were also plotted against a prediction
heat stress were highest with the THERM system, line of TIr changes while wearing MOPP 4 at equivalent
which was statistically shown to provide the least cool- exercise with no cooling (12). The predicted TIr values
ing. Fig. 3 shows the regression lines for core temper- for no cooling were higher than the mean values ob-
ature responses when wearing the three cooling sys- served with any of the microclimate cooling systems.
tems. There were no significant differences in the Mean average SR values and HR values also showed no
intercept or slope of lines represc nting the change in TIr significant difference among the three cooling systems

(Table I). Tsk values did show a difference between sys-
350 - tems with LSSI (32.7°C) being less (p < 0.05) than

THERM (36.2°C) at the 60 min value (Table I).T00 T Subjective evaluations of exertion (Table 1I) did show

250 significant differences in responses taken at minutes 25,
T 40, and 55 of heat exposure. The subjects wearing LSSI

200 responded with a greater (p < 0.05) perceived exertion
than with both of the other two cooling systems at each

7 1so - time period. However, during no time period did the
00 T subjects perceive any difference in thermal sensations

100 among the three vests. Finally, beginning shortly after

sol the start of exercise, all subjects reported a severe and

sOL 
worsening headache when wearing the LSSI system.

ILC LSSI THERM DISCUSSION
COOLING SYSTEMS The insulation and low permeability provided by stan-

• FSS THAN ILC AND LSSI (p-O0os) dard military MOPP 4 level protective clothing exem-
Fig. 1. Calculated cooling rates (X, S.D.) provided by the three plify the conditions which would be experienced by in-

microclimate systems. dividuals required to work in a toxic environment. The
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coolant flow reducing the ability to reduce heat storage. A(KNt)WI.II)GMENTIS

While the controls and heat sink of the I.SS1 are outside Ihe author, vith to e\ press their gratitude to Laura Myers. Gerald
the protective garments tor easy accessibility, blocked Ne",comh. Robert Oster. George Scarmoutzos. and Craig Strok fort - their technical assistance and to the test subjects for their hard work
cooling channels require leaving the contaminated area and cooperation in completing the research.

to open the protective equipment and correct the prob- Human subjects participated in these studies after giving their free

lem. The necessity of changing cooling cartridges every and informed vohuntary consent. Investigators adhered to AR 70-25
45 min also presents a logistics problem for sustained and USAMRt)(" Regulation 25 on use of Volunteers in Research.loiiI The \iesss. opinions. and~or findilgs contained in this report are
use. those of' the authors and should not be construed as an official De-

The TIHERM s. stem, while the lightest of the three partment of the Army position. policy. or decision unless so desig-
systems, also provided significantly less cooling than the nated by other oflicial documentation. Reference to specific equip-

other two. and ýoulld not be expected to provide cool- ment, trade names and manufacturers is for identification purposes
ing sufficient to markedly reduce heat storae if an in- only, and does not imply endorsement by the U.S. Army or the U.S.

- s n )epartment of Defense.
dividual wcre required to work at a higher metabolic
level. This reduced cooling was indicated by the ten-
dencv for increased physiological responses in the sub- P-FERFNCES

jects. Two subjects completed the experiments with the I. Borg 6. Perceived exertion as an indicator of somatic stress.
Scand. J. Rehab. Med. 197t11 • _"THERM s,,stcm w&hile three \&ere removed with volun- cn.JRea.Md1902-'124

2. Burton AC. Human calorimetry I1. The averge temperature of
tary fatigue. Further, the necessity ot changing coolant ,he tissues of the body. J. Nutr. 1935: 9:261-80.

tanks every 20 minutes creates a major logistics prob- 3. Coso-ini H. Cohen J. DeCristofano B. et al. l)etermination of the
lcm for sustained operations. However. because the feas, ;lity( of tmo commercial portable microclimate cooling
THERM system cools by the vaporization of the fluo- systems for military use. Natick. MA: U.S. Army Research.

rocarbon it will provide a constant rate ( fcooling for the I)cvelopment and Engineering Center. 1985: Technical Report
• No. TR-85/033L.

life of a coolant tank, and not be affected by melting ice Non JVGA .
4. Durnin JVGA, Womerslcý J. Bod& fat asses.sed from total bodv.

as in the other systems. Larger tanks would last longer. density and its estimation from skinfold thickness: measure-
but would be heavy and awkward. offsetting the one ments on 481 men and "somen aged from 16 to 72 %ears. Br. J.
advantage of the system. Nutr. 1974: 32:77-97.

In addition to the individual logistics problems cited 5. Goldman RF. Tolerance time for vork in the heat when wearing

for each cooling system, they all have iwo problems in CBR protective clothing. Milit. Med. 1963: 128:776--86.

common with many other self-contained microclimate 6. Henane R. Bittel J. Viret R. Morino S. Thermal strain resulting
from protective clothing of an armored vehicle crew in warmcooling systems (3.10, 16.19,21,231. No tested system conditions. Aviat. Space Environ. Med. 1979: 50:599-603.

"was capable of providing sufficient cooling to prevent 7. Kaufman WC. Pittman JC. A simple liquid transport cooling sys-

heat storage in subjects working at a moderate energy tem for aircrew members. Aerospace Med. 1966: 37:1239-43.
expenditure (440 W) in a hot-dry environment. Typi- 8. Levine L, Evans WJ. Winsmann FR. Pandolf KB. Prolonged
cally. self paced work for an average soldier would be self-paced hard physical exercise comparing trained and un-
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imately 1 L - h I for the subjects. Almost none of this II. Nunneley SA. Troutman SJ Jr. Webb P. Head cooling in heat
sweat was evaporated inside the vapor exchange resis- work and heat stress. Aerospace Med. 1971: 42:64--8.
tant protective clothing. The subjects were dehydrating 12. Pandolf KB. Stroschein LA. Drolet LL. Gonzalez RR. Sawka
witan ut prtece cloanthgoeaing. Thesubjectswered tig de - MN. Prediction modeling of physiological responses and hu-
without the advantage of evaporative cooling. This de- man performance in the heat. Comput. Biol. Med. 1986:

hydration is not easily counteracted because of the dif- 16:310-29.
ficulty of drinking inside protective clothing. Dehydra- 13. Pimental NA. Cosimini HM. Sawka MN, Wenger CB. Effective-
tion combined with warm skin and exercise can easily ness of an air-cooled vest using selected air temperature and
result in syncope and heat exhaustion (15). humidity combinations. Aviat. Space Environ. Med. 1987:

In conclusion, there are commercially available mi- 58:119-24.
14. Sawka MN. Body fluid responses and hypohydration during ex-croclimate cooling systems to help reduce some heat ercise-heat stress. In: Pandolf KB, Sawka MN, Gonzalez RR.

storage for individuals working in a toxic environment. eds. Human performance physiology and environmental med-
These systems may have some application to civilian icine at terrestrial extremes. Indianapolis: Benchmark Press.
problems requiring brief exposure to toxic agents or in 1988:227-66.

situations where the worker can leave the contaminated 15. Sawka MN, Wenger CB. Physiological responses to acute exer-
site for resupply, However. they do not appear to have cise-heat stress. In: Pandolf KB, Sawka MN. Gonzalez RR.eds. Human performance physiology and environmental med-
much miiitary application. Overall physiological and icine at terrestrial extremes. Indianapolis: Benchmark Press.
perceptual results from these experiments indicate that 1988:97-151.
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