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• 2 female and 4 male participants, age 22 – 46 years
• 3 garments: NASA LCVG, MACS-Delphi, Russian ORLAN

Psychological data collection:
• Visual analogue scales to assess thermal comfort

Russian ORLAN                 MACS-Delphi                       NASA  LCVG

• 2 ambient air chamber temperatures: 24⁰ C and 35⁰ C
• 7 exercise stages in different levels over 154 minutes

• recorded at end of five exercise intervals during each 
experiment:

overall body thermal comfort 
thermal comfort: head, shoulder, hand, groin and feet

Physiological data collection:
• Local skin wetness: 

measured on the forehead, forearm, and foot with 
NOVA DPM 9003 at the end of each exercise  
stage.

• Local body sweat rates: 
paper patches were attached on groin, chest and 
back; weight of the patches was measured before 
and at the end of each experiment.

Basic principles of LCG’s

• water circulates through the 
garment

• temperature of water is regulated

• conduction as an effective 
heat transfer process

Astronauts manually regulate the water temperature flowing 
through their cooling garments while engaged in space walks; 
therefore,  a better understanding of the relationship between 
subjective perception of thermal comfort and physiological 
factors is crucial for effective and safe functioning in space. 

Subjective perception and internal/external body status are 
not always highly correlated.  At thermal extremes, individuals 
become less accurate in their subjective thermal experiences, 
for example, some people in hypothermia feel that they are 
extremely hot, those with high fever report feeling very cold 
and begin shivering.

In this study, the goal was to assess the individual’s 
subjective thermal experience as related to body skin wetness 
and sweat rates on different body zones and in different types 
of cooling garments. The individual’s subjective experience 
was considered to be an important component in identifying 
the optimal features of different cooling garments. 

Skin wetness rates for individual body parts were compared 
to the subjective thermal perception of the individual body 
parts as well as to the overall body thermal comfort. 

It was hypothesized that overall thermal comfort would be 
rated higher when skin wetness and body sweat rates were 
low. Furthermore, the reciprocal relationship between ratings 
of thermal comfort and skin wetness should be more distinct 
for individual body parts than for overall thermal comfort.

In both ambient air chamber conditions reciprocal 
relationships between the subjective perception of individual  
body parts and skin wetness were found. These relationships 
were more distinct in the 35⁰ C condition than in the 24⁰ C 
condition. The findings indicated that participants 
experienced greater overall thermal comfort and head 
thermal comfort in the MACS-Delphi when compared to skin 
wetness rates of the forehead. 

In general, overall body thermal comfort was reflected in skin 
wetness of individual body areas. Higher skin wetness rates 
of individual body areas were associated with a decrease in 
overall body comfort; lower skin wetness rates were related 
to an increase in overall body comfort.

Within the range of physiological indices observed in this 
study, there was a fairly close congruence between 
thermal comfort ratings and skin wetness rates. 

These findings are important for the design of an advanced 
liquid cooling garment. First, the cooling garment is the first 
contact of the space suit with the body. During 
extravehicular activities in space, astronauts are less 
distracted when they experience thermal body comfort. 
Second, a long-term goal in the design of liquid cooling 
garments is an automatic regulation of the inlet water into 
the garment. The relationship of skin wetness and overall 
body thermal comfort can provide valuable information to 
better understand human thermoregulation, and to develop 
an efficient automatic regulation system.
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There was some evidence that higher body sweat rates do 
not necessarily lead to a decrease in comfort. For example, 
although sweat rates on the back were highest in the 
MACS-Delphi in the 35⁰ C condition, this garment was also 
rated highest in terms of overall body thermal comfort.
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