ey Heated Garments for Warfighter Operations In
/AR

Yve Subarctic Conditions

Lily Dennis, Matthew Parkis, and Dr. Meredith McQuerry
ThermaNOLE Comfort Lab®

- Heat Level Wattage - - -
Introduction Results = Discussion & Conclusion
| | _ _ _ _ _ Low TSW After completing this research, we have come to two
Un_lforms are designed to aid the wearer and improve th_elr per_formance, often including Ensemble Performance in 0°C Mediom 0w main conclusions. First and foremost, the proprietary
unique performance features. For warfighters, the goal is no different. Hundreds of 4.5 0.7 | heated base layer is able to successfully warm the body in
hours of work go into improving and redesigning warfighter uniforms to ensure these 4 1 5apg 0595508158 ¢ High 125W all three temperature conditions, regardless of the
suits are maximally efficient. Warfighters stationed In extreme cold may routinely 3'2 oasss [ags 138 17 05 Figure 4. Corresponding ensemble it is paired with. The heated component was
_ o oy -, - : 0.4133 0.417 '
experéence temp_eraturr]es ofl-_60 |C(')r Io_vver.dln these extrerEe coEdlthns,dlt |I§ cru_CIaI to o 2.; orep 0336 0357 0.30360'379;45 L. " g: o \évsl\f\t:??e?ele%ihheamd also able to ir!crease_the_total thermal resistance and the
provide appropriate t_ ermal Insu ation in order to prevent hypot ermia, decline in e 0.2653 1 L - Snsermbles total thermal insulation in each temperature
performance, and maintain stable core temperatures. The greatest risk regarding 1 171 fags J217 0.2 » condition. However, it is important to note that as the
warfighter uniforms in extreme cold Is a decrease In peripheral temperature, such as 0.5 01 conditions became colder, the power levels of the
: : : : : 0 0 !
fl_ngers and toes, Whlc_h results In decreased manual dexterlty and m_creased thermal None Low Med High|  None Low Med High|  None Low Med High suit became less effective. in that it wasn't able to increase
d!scomfort_ (Castellani et al., 2017; Jones et al., 2(_)07). This Is especially concerning for Light termediate Cold Weather the total thermal resistance and total thermal insulation by
alrcraft pilots, who need to be able to make precise movements to perform their Clo m Ri as large of a margin. Because this research only tested the
duties. Multilayer fabric ensembles that are designed to withstand this extreme cold are { b b suit from 0°C to -20°C. further research is needed to
In use; however, they are often bulky, resulting in limited mobility and dexterity for Figure 1. Average total thermal resistance (Rt) and total thermal N I determine if this ensemble would be effective in subarctic
the wearer. For those who require mobility for their duties, these ensembles are not insulation (Clo) of the low, intermediate, and cold weather glgure f SIO unit visual locations where temperatures reach -60°C.
Ideal. In an attempt to maintain thermoregulation in extreme subzero conditions ensemble at each power level in 0°C. FIEEOT
without added bulk, direct personal warming systems may be integrated into base = > 3 ) i
layer clothing. The purpose of this _st_udy IS to evaluate the efficacy of a proprietary Ensemble Performance in -10°C ey T N =7
heated base layer in subzero conditions. 4 0.7 ol S N _
P 0. e ==\ Figure 9. Labeled
Method 3 e PTT 0 L heated regions of
e O S 025 0.3488 0.3692 0-3844 T i 338 I°4! 0.4 - ., A / 3; y A 9 % - 'n a the ANDI Manlkln
O 2 0.2504 0-2856 0. ?3’92'3098 0.3079 225 1238 248 0.3 o ull P \ il | | X , ,/’ ,.ﬁf ¥ 3? |n] | =
1.5 8 el O G b 0.2 Figure 6. Figure 7. Figure 8 H H | H
 Three cold weather ensembles I 0; | ‘ A‘ ‘ | o Light Intgermediate Cogld Wef;tther 2ic 0 g
» Light, Intermediate, and Cold (see Figures 6-8) 0 0 e ensemble
* |In addition, a proprietary base layer was added under each with four None Low Med High ~ Nonelow Med High ~ None Low Med High
levels of heat Light Intermediate Cold Weather
Sample e Zero, Low, Medium, and High Clo m Rt
- Wattage varied by region (hands, back, chest, and feet; see Figure 4) / AC kn OWIedgementS

Figure 2. Average total thermal resistance (Rt) and total thermal

insulation (CIO) of the IOW, intermediate, and cold weather We would like to extend a SpeCiaI thank you to Everyone who helped gUide usS
ensemble at each power level in -10°C. throughout this process, especially Dr. McQuerry for mentoring us. Additionally,
» 35 Zone ANDI Dynamic Sweating Thermal Manikin (see Figure 9)\ this work would not have been possible without the lab team, including Cristina
 Dynamic heat flux sensors with active cooling system c 1o Pert - 50°C (Heat FI ’ Brasfield, Jasmine Henderson, Robert Wilson, Josephine Bolaji, Leah Livin,
. Ability to measure heat loss AND heat gain . nsemble Performance in -20°C (Heat Flux measured) . Steven Bernal-Diaz, and Andre Van Grieken. Finally, we would like to extend a
« Modified ASTM F1291 method 4 06 huge thank you to the people who make UROP happen, including Alicia Batailles,
Procedure . Nonisothermal conditions (20°C/50% RH) B 3.5 s 05O Kris Ryan, and our UROP leaders Remi Ventura, Carolyn Emerson, Ryan Merlin,
3 : ' .
o025 sty Q3411 0350 04 _ and Mia Zheng.
O 2 02614 0.2793 0.2873 0.2935 0.3058 03~
1.5 993 324 B33 3.36 02
- AR N DR A Vi e Y 1Y 2 References
0.5 '
0 0
: : : Brode, P., Kuklane, K., Candas, V., Den Hartog, E. A., Griefahn, B., Holmér, 1., Meinander, H., Nocker, W., Richards, M.,
s Tot | th | - t Rt OC/ A2/W None Low Med High NoneLow Med High NoneLow Med High & Havenith, G. (2010). Heat gain from thermal radiation through protective clothing with different insulation, reflectivity
Otal thermal resistance ( ) ( m ) Light Intermediate Cold Weather and vapour permeability. International journal of occupational safety and ergonomics : JOSE, 16(2), 231
» Total thermal insulation (Clo; see Figure 5) 244 https://doi.org/10.1080/10803548.2010.11076842
Clo mRt Wang, F., & Lee, H. (2010). Evaluation of an Electrically Heated Vest (EHV) Using a Thermal Manikin in Cold Environments.
M easureme ntS The Annals of Occupational Hygiene, 54(1), 117-124. https://doi.org/10.1093/annhyg/mep073
/ R. G Revaiah, T. M. Kotresh & Balasubramanian Kandasubramanian (2020) “Technical Textiles for Military Applications”, The
- - Journal of The Textile Institute, Vol. 111, No. 2, 5 July 2019, Pages 273-308, https://doi.org/10.1080/00405000.2019.1627987
Flgure 3 Average tOtaI thermal resistance (Rt) and tOtaI thermal Xu, Xiaojiang, et al. “Thermal Properties of Three Cold Weather Ensembles and an Unpowered Heated Base Layer
insulation (ClO) Of the |OW intermediate and COld Weather Ensemble”, Defense Technical Information Center, Army Research Institute of Environmental Medicine, 1 Mar.
’ _ o 2023, https://apps.dtic.mil/sti/citations/trecms/AD1196375.
ensemble at each power level In -20°C. Xu, X., McQuerry, M., Bogan, M., Jacques, J., Rioux, T., Gonzalez, J., & Hoyt, R. (2023). Evaluation of Three Cold Weather

Ensembles with a Heated Base Layer-AT-20C Using A Thermal Manikin with Dynamic Heat Flux Sensors.



	Slide 1

