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ABSTRACT 

In order to determine an insulation factor for light 

weight insulating jackets, the thermal resistance of nine 

different jackets was tested using a guarded hot plate. 

Thickness measurements were also made to determine the 

conductivity, and the weight of the jackets was recorded 

using the product information. Insulation of the samples 

collected included five down, three PrimaLoft, and a 

ThermoBall. It was determined that jackets perform better 

with a high thermal resistance and low mass. This presents 

a practical opportunity since higher mass is burdensome 

from a mobility and packing perspective. The insulation 

factor of the jackets sampled was evaluated by dividing the 

thermal resistance by the mass. Aggregating the data for 

the three insulation materials yielded an insulation factor 

of 536 ± 66 m2 ºC/W for down (5 data points), 349 ± 229 

m2 ºC/W for PrimaLoft (3 datum), and 491 m2 ºC/W for 

ThermoBall (single sample). 

 
INTRODUCTION 

 Determining the insulation-to-weight performance 

of winter jackets is of importance to the outdoor enthusiast 

community for which weight reduction in equipment is 

key. When buying equipment, it’s often advised to go for 

lightweight alternatives that don’t jeopardize the 

performance of the jacket. [1] In order to compare jackets, 

the thermal resistance, conductivity, and weight were 

found for nine jackets. Different jackets were sampled with 

varying insulation material, thickness, weight, and wear. 

The thermal resistance of each jacket was measured 

using a high precision guarded hot plate. Thickness was 

also measured, and the weight of the jackets was 

normalized through product information of the samples. 

Thermal conductivity of the jackets was then determined 

used heat transfer theory. Jackets were then compared 

based off their thermal resistance and mass. 

BACKGROUND 

INSULATION MATERIALS 

In this study, down and synthetic insulated jackets 

were tested. Down originates from waterfowl feathers and 

the synthetics tested are made of a polyester blend known 

commercially as PrimaLoft. ThermoBall, a propriety 

insulation by North Face, consists of small balls of 

PrimaLoft. Pictures of the three insulation types and jacket 

cross sections can be seen in Figure 1.  

Figure 1: Images of three types of insulation tested 

and jacket cross sections. Insulation in the jackets was 

organized into channels known as baffles. The down 

jackets tested were constructed of tubular sewn-

through baffles, while the two synthetic insulations 

were constructed of box baffles with the ThermoBall 

being triangular in shape. 

 

Down’s high loft provides its warmth. Air pockets 

between the feathers provide additional insulation without 

adding weight [1]. When wet, however, down collapses 

and the jacket loses most of its effectiveness. This 

shortcoming of down, along with feathers constantly 

coming out through the seams with use, makes synthetic 

fibers an attractive alternative, more endurable, alternative. 

Synthetic insulation materials, such as PrimaLoft, do 

not collapse when damp due to their water resistance. 

Jackets insulated with PrimaLoft are typically constructed 

of continuous filaments organized into baffles. The 

ThermoBallPrimaLoftDown
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continuous filament makes standard PrimaLoft jackets 

heavier than down. 

ThermoBall, created by North Face, closely mimics 

down with its high loft and abundant air pockets. 

PrimaLoft fibers are spun into millions of tiny balls 4.5 ± 

0.7 mm in diameter, allowing Thermoball to cluster like 

feathers [2]. This theoretically gives ThermoBall the same 

light weight properties of down and the water resistance 

properties of synthetics. 

HEAT TRANSFER THEORY 

The jackets in this experiment can be approximately 

modeled as a homogenous slab. Using heat transfer theory, 

the thermal resistance of the jacket can be calculated for a 

given temperature difference and heat flux. In this 

experiment, jackets were placed on top of a hotplate heat 

flux source. The temperature of the hotplate and the air 

above the jacket was measured. A diagram of the heat 

transfer is shown in Figure 2. 

Figure 2: Heat transfer and circuit diagram of the 

hotplate and jacket. A heat flux �̇� from the hotplate is 

applied to the bottom of the jacket. The thermal 

resistance of the jacket 𝑅 yields a difference in 

temperature between the hotplate surface 𝑇s and the 

ambient air 𝑇a. 

 

Heat transfer theory governs [3] that the conductive 

resistance 𝑅 of a slab with a heat flux �̇� and temperature 

difference Δ𝑇 is defined by: 

 
𝑅 =

Δ𝑇

�̇�
 (1) 

The thermal conductivity of a slab with thickness 𝑡 and 

area 𝐴 is defined by [3]: 

 
k =

𝑡

𝑅 ∙ 𝐴
 (3) 

Thermal conductivity can then be used to compare 

jackets of varying thickness. For a desired thermal 

resistance 𝑅desired, a jacket thickness 𝑡𝑜 can be 

calculated for the given area 𝐴. 
 

to = 𝑘 ∙ 𝑅desired ∙ 𝐴 (4) 

Substituting Eq. (3) for the thermal conductivity in 

Eq. (4) results in: 
 

to =
𝑡

𝑅
∙ 𝑅desired (5) 

Using the jacket density 𝜌 = 𝑚 / (𝑡 ∙ 𝐴), where m is 

the mass of the jacket sampled, one can find the 

mass 𝑚o for the jacket at thickness 𝑡o. 
 

𝑚𝑜 = 𝑡𝑜 ∙ 𝐴 ∙ 𝜌 = 𝑡𝑜 ∙
𝑚

𝑡
 (6) 

Combining Eq. (5) and Eq. (6) yields the following 

relationship: 

 
𝑚𝑜 = 𝑅desired ∙

𝑚

𝑅
 (7) 

Jackets can be compared by their mass 𝑚o for the 

desired resistance. A lower mass 𝑚o corresponds to a 

preferable jacket, due to the thermal resistance being 

normalized. Calculating the inverse of Eq. (7) and 

multiplying out the constant 𝑅desired yields:  

 𝑅desired

𝑚o
=

𝑅

𝑚
= 𝜔 (8) 

where 𝜔 is the insulation factor, and is defined by the 

resistance to mass ratio. A higher insulation factor 

corresponds to a better thermal performance. 

EXPERIMENTAL DESIGN AND METHODS 

THERMAL RESISTANCE MEASUREMENT 

An experiment was performed inside a thermally 

insulated chamber in order to determine the thermal 

resistance of the jackets sampled. The thermal resistance 

was determined following the 2014 ASTM D1518 

Standard Test Method for Thermal Resistance of Batting 

Systems Using a Hot Plate [4]. The experimental setup 

included a hotplate, a power enclosure, ambient sensors, an 

airflow hood, and a PC. A diagram of the guarded hotplate 

system utilized is shown in Figure 3. 
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Figure 3: A diagram of the Measurement Technology 

Northwest Guarded Hotplate used in the experiment. 

A hotplate is surrounded by two parallel walls and an 

open side parallel to the airflow hood. Samples are 

placed on top of the hotplate and a top hood seals the 

top of the apparatus. Two thermistors located on the 

top hood measure the ambient temperature. An 

airflow hood creates an air current to force convection 

on the sample surface. Power to the heated hotplate is 

provided by the power enclosure. The hotplate 

temperature is controlled to a set temperature value 

via the communication port of the power enclosure. 

Sensor readings are sent to a PC using the ThermDAC 

control software. [5] 

 

The hotplate contains a copper hotplate surrounded by 

a copper guard ring and parallel to an aluminum bottom 

plate that is separated by an air pocket. All three plates are 

heated independently by a distributed resistance wire and 

have two thermistors to measure the temperature. 

Temperature readings of the plates are sent to the computer 

every test period. The thermistors have a precision of           

± 0.1 ºC. 

Power to the hotplate is provided by the power 

enclosure. A serial interface between the power enclosure 

and the PC reports the average power readings every test 

period. Power measurement readings have a relative 

precision of ± 1%. The temperature of the plates is 

maintained at a set temperature of 35.00 ± 0.01 ºC using a 

PI controller. 

Jackets are placed on top of the hotplate with the 

bottom adjacent to the edge of the guard ring on the airflow 

hood side. The sides of the jackets next to the walls are 

rolled up with tape in order to have a flat section of the 

jacket centered on the test plate, and to avoid variation in 

readings based on the various shapes of the jackets. 

Magnets placed on the batting seams are used to secure the 

jackets onto the magnetic hotplate without compressing to 

avoid a variable air gap between jacket collections, which 

would induce a measurement bias. In addition, tape is 

placed on the bottom and sides of the jacket.  A picture of 

the sample setup is shown in Figure 4. 

 

Figure 4: A jacket sampled is placed on top of the 

hotplate. The sides of the jacket are rolled up and 

secured with tape. Tape is also employed to hold 

down the edges and small distributed magnets (seen 

as circular disks in jacket seams) are utilized to secure 

the jacket on the hotplate, without altering jacket 

thickness across the plate. 

 

The hot plate conducts heat through the jacket and the 

temperature above it is measured by the two thermistors on 

the top hood. Air flow, caused by the airflow hood, moves 

across the surface of the test piece, thereby, forcing 

convection. The anemometer, placed 15 mm above the test 

sample, is used to measure the wind velocity. The wind 

velocity is adjusted to increase/ decrease the convection 

until the ambient temperature of the testing chamber 

reaches a steady state value of 20.0 ± 0.5 ºC. A steady state 

thermal value is required, due to the assumption of thermal 

equilibrium in Eq. (1-8). 

When the ambient and hotplate steady state 

temperature is reached, the heat flux will be steady within 

3% of the average heat flux. Measurements are then taken 

for the next 30 minutes, updated every minute, in this 

steady state, and these values are averaged. The resultant 

thermal resistance is the difference in the hot plate 

temperature to the hot ambient temperature divided by the 

heat flux per area, as per Eq. (1). The area in this case; is 

given by the test plate physical dimensions. To get the 

thermal resistance of just the sample, the bare plate 

resistance must be measured. The resultant thermal 

resistance for the sample is then the difference between the 

measured thermal resistance of the sample and the bare 

plate resistance. 

THICKNESS MEASUREMENT 

The thickness of the jackets tested was measured 

using the 2011 ASTM-D1777 testing method for 

Thickness of Textile Materials [6]. A testing apparatus 
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with a thickness gauge, a flat base, and a presser foot was 

used. Figure 5 shows a picture of the setup employed. 

Figure 5: The Gustin-Bacon Measure-Matic used in 

the experiment. Samples are placed on the bottom 

plate and the presser foot is gently lowered onto the 

specimen. The thickness gauge measures the 

difference in height of the base and foot. A counter 

weight in the back balances the presser foot, and 

weights are added on top of the foot to apply pressure. 

 

The pressure foot area placed on top of the samples 

measures 0.30 meters by 0.30 meters. A 131g weight is 

added on top of the presser foot in order to apply a pressure 

of 13.8 Pa evenly across the sample. Measurements taken 

have a precision of 0.025 mm. 

Jackets are placed with the inside facing down and the 

bottom on the counter weight side. The thickness is found 

by gently lowering the foot until it sits on top of the jacket. 

Measurements are taken at the center of jacket. Each 

sample is measured 10 times at various locations along the 

length of the jacket. The average and uncertainty is then 

found using these 10 data points. 

Calibration of the thickness gauge is performed using 

a gauge block before recording data for each sample. A 

preliminary thickness measurement is made to determine 

an approximate measurement. This measurement is then 

used to select a gauge block with a height close to the 

sample. 

JACKET SAMPLES 

Both jackets and vests were sampled in this study. The 

nine samples spanned multiple brands, years, and 

insulation materials. Some jackets were laundered more 

than others. Samples came from different users and 

underwent a varied amount of use. Documentation through 

a survey and product lookup was done to provide complete 

information on all the jackets. The results of the 

documentation can be seen below in Table 1. 

 

 

Down Jackets 

 

Sample Name: NF-D-J 

Jacket Name: Women’s Thunder Jacket 

Brand/ Season: North Face – Fall 2013 

Insulation: 800-fill down, Pertex water 

repellent 

Shell and Lining: 20D 35 g/m² 

(1.03 oz/yd²) 100% nylon ripstop 

Laundered: more than 4 times 

Use: a lot of outdoor use, everyday use, 

and compressing – not taken well care of 

 

Sample Name: PT-D-J 

Jacket Name: Women’s Down Sweater 

Brand/ Season: Patagonia Fall 2013 

Insulation: 800-fill down 

Shell and Lining: 1.4-oz 22-denier 100% 

recycled polyester ripstop, with a DWR 

finish 

Laundered: more than 4 times 

Use: a lot of outdoor use, everyday use, 

and compressing – not taken well care of 

 

Sample Name: PT-D-V 

Jacket Name: Women’s Down Sweater 

Vest 

Brand/ Sesaon: Patagonia – Fall 2013 

Insulation: 800-fill down 

Shell and Lining: 1.4-oz 22-denier 100% 

recycled polyester ripstop, with a DWR 

finish 

Laundered: at most once 

Use: worn less than a dozen times in 

everyday use, compressed a couple of 

times 

 

Sample Name: RB-D-J 

Jacket Name: Women’s Microlight Jacket 

Brand/ Season: Rab – Fall 2014 

Insulation: 750-fill down, Pertex water 

repellent 

Shell and Lining: Pertex Microlight outer 

fabric / 100% Nylon ripstop inner 

Laundered: 2 times 

Use: a bit of outdoor use, everyday use, 

and compressing – fairly new and 

moderately used 

 

Sample Name: MT-D-V 

Jacket Name: Men’s Zeus Down Vest 

Brand/ Season: Marmot – Fall 2012 

Insulation: 800-fill down 

Shell and Lining: 100% Polyester DWR 

Bantam Ripstop 1.1 oz/ yd and 100% 

Polyester DWR 1.8 oz/yd 

Laundered: at most once 

Use: worn about 5 times while outdoors in 

winter, no compression 
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PrimaLoft Jackets 

 

Sample Name: PT-NP-JW 

Jacket Name: Women’s Nano Puff Jacket 

Brand/ Season: Patagonia – Fall 2013 

Insulation: 60-g PrimaLoft 

Shell and Lining: 1-oz 15-denier 100% 

recycled polyester with a Deluge DWR 

finish and 1.4-oz 22D 100% recyled 

polyester with a Deluge DWR finish 

Laundered: more than 3 times 

Use: a lot of outdoor use, everyday use, 

and compressing – not taken well care of 

 

Sample Name: PT-NP-JM 

Jacket Name: Men’s Nano Puff Jacket 

Brand/ Season: Patagonia – Fall 2012 

Insulation: 60-g PrimaLoft 

Shell and Lining: 1-oz 15-denier 100% 

recycled polyester with a Deluge DWR 

finish and 1.4-oz 22D 100% recyled 

polyester with a Deluge DWR finish 

Laundered: at most once 

Use: worn about 5 times while outdoors 

in winter, no compression 

 

Sample Name: PT-NA-J 

Jacket Name: Women’s Nano-Air 

Brand/ Season: Patagonia – Fall 2014 

Insulation: 60-g FullRange™ 100% 

polyester stretch insulation 

Shell and Lining: 1.3-oz 20-denier 100% 

nylon ripstop with a DWR finish and 2-

oz 50-denier 100% nylon plain weave 

with a DWR finish 

Laundered: never 

Use: brand new 

ThermoBall Jacket 

 

Sample Name: NF-TB-J 

Jacket Name: Women’s ThermoBall Full 

Zip Jacket 

Brand/ Season: North Face – Spring 2015 

Insulation: ThermoBall™ powered by 

PrimaLoft® 

Shell and Lining: 15D 33 g/m² (1.16 

oz/yd²) 100% nylon with DWR 

Laundered: never 

Use: brand new 

 

Table 1: Product information and use gathered for the 

nine jackets sampled. Each sample was a given a 

name based off the brand, insulation, and type. 

Information listed for the two vests was derived from 

the equivalent jacket for the specified style. 

RESULTS AND DISCUSSION 

The results of the experiment for the nine jackets 

tested are compiled in Table 2: 

 R [
m2 ℃

W
] t [mm] k [

W

m ℃
] m [g] ω [

m ℃

W kg
] 

NF-D-J 0.232 1.77 0.157 360 475 

PT-D-J 0.236 1.43 0.124 320 547 

PT-D-V 0.215 1.84 0.178 320 491 

MT-D-V 0.289 2.45 0.161 408 566 

RB-D-H 0.269 1.45 0.106 345 603 

PT-NP-JW 0.150 0.63 0.105 314 293 

PT-NP-JM 0.164 0.80 0.114 354 299 

PT-NA-J 0.191 0.94 0.107 292 455 

NF-TB-J 0.198 0.94 0.120 285 491 

 

Table 2: Resultant values for the jackets tested. 

Values highlighted in red had a bad performance for 

the parameter listed, with the brighter red being the 

worse value. Green highlighted values lie in the best 

band of performance, with the bright green being the 

overall best value. 

 

The high level precision in the equipment used in the 

experiment resulted in a negligible amount of uncertainty. 

Additionally, the variation in use of the jackets produced 

varying resultants for the same jacket. This was evident 

with the two Patagonia Nano Puff jackets and the two 

Patagonia down jackets. A higher amount of use resulted 

in a lower thermal resistance and thickness for the Nano 

Puff. Surprisingly, the Patagonia down sample with less 

use had a lower thermal resistance than the one with a 

higher amount of use. This may also be due to one 

specimen being a vest, which might bias the results 

because of the different geometry. 

The down jackets tested were found to have the 

highest average thermal resistance, while the PrimaLoft 

jackets were found to have the lowest on average. 

PrimaLoft exhibited a clear linear relationship with regards 

to resistance and thickness, while down exhibited 

significant deviation. A plot of the thermal resistance to 

thickness is shown in Figure 6. 
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Figure 6: A plot of the thermal resistance 𝑅 versus 

the thickness t. PrimaLoft exhibited a clear linear 

relationship with regards to resistance and thickness, 

while down exhibited deviation. 

 

Deviation in down’s relationship between resistance 

and thickness is largely due to the variety of samples 

tested. If not cared for properly, down feather can degrade 

over time. In addition to degradation, down feathers often 

seep through the seams of the jacket. The variety of baffle 

shapes also contributed to the deviation. 

PrimaLoft, unlike down, is a continuous filament. 

This continuity resulted in PrimaLoft having a linear 

relationship between resistance and thickness without 

significant deviation. PrimaLoft fibers are also not as small 

as down, and do not seep through the seams. 

Thermal conductivity, as defined by Eq. (3), is 

inversely proportional to the resistance over the thickness. 

This is equivalent to the inverse of the slope for the 

resistance vs. thickness plot shown in Figure 6. The 

uncertainty in conductivity is also related to the slope. 

The thermal conductivity for the down jackets tested 

was found to be 0.15 ± 0.04 W/mºC. PrimaLoft measured 

a lower thermal conductivity and less deviation than down 

of 0.11 ± 0.02 W/mºC. The ThermoBall jacket tested 

measured a thermal conductivity between down and 

PrimaLoft of 0.12 W/mºC. 

The mass-to-weight ratio, known as the insulation 

factor derived in Eq. (8), was found for the nine jackets 

tested. Data for each insulation material was averaged and 

uncertainty was calculated. Down was found to have the 

highest warmth to weight ratio of 536 ± 66 m2 ºC / W kg, 

while PrimaLoft had the lowest of 349 ± 229 m2 ºC / W kg. 

ThermoBall’s insulation factor measured higher than 

PrimaLoft, registering at 491 m2 ºC / W kg. A bar graph of 

the insulation factor for the three materials is shown            

in Figure 7. 

 

Figure 7: A bar graph of the insulation factor for the 

three materials tested. Down exhibited the highest 

average insulation factor of 536 m2 ºC / W kg. The 

one ThermoBall jacket tested was found to have an 

insulation factor of 349 m2 ºC / W kg. The three 

PrimaLoft jackets tested had an average insulation 

factor of 349 m2 ºC / W kg. PrimaLoft’s large 

uncertainty is partly due to taking only three samples. 

However, the sample size ratio of down to PrimaLoft 

is 5/3, so the uncertainty ratio as the square root is 

about 1.3. The uncertainty of PrimaLoft more than 

doubles down, so other factors are likely in play. 

 

Further work is warranted on additional jacket samples, 

specifically ThermoBall, to more accurately represent the 

population of jackets. The variability in wear of the jacket 

samples used in this experiment created an unknown impact in 

the data. Future studies could utilize controlled samples, and 

measure the insulation factor with regards to number of times 

laundered. Additional studies should also be done on the jacket 

conductivity vs compression and the permeability.  

CONCLUSION 
An insulation factor for comparing light weight insulating 

jackets was determined to be the ratio of thermal resistance to 

mass. Nine jacket samples of down, PrimaLoft, and ThermoBall 

insulation were compared experimentally based off the 

insulation factor devised. Thermal resistance was measured 

using a guarded hot plate [4], and the mass was found utilizing 

product information. Down was found to have the highest 

warmth-to-weight ratio of 536 ± 66 m2 ºC / W kg, while 

PrimaLoft had the lowest of 349 ± 229 m2 ºC / W kg. The one 

ThermoBall jacket tested measured an insulation factor higher 

than PrimaLoft of 491 m2 ºC / W kg. Additional work should be 

done with more samples. 

While it is inconclusive based on the sample sizes obtained, 

the data does suggest that the ThermoBall jacket nearly achieves 

the insulation factor of down, while obtaining the moisture 

resistance of synthetics. 

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.0 0.5 1.0 1.5 2.0 2.5

R
e
s

is
ta

n
c

e
 [

m
2

ºC
/W

]

Thickness [mm]

Down

PrimaLoft

ThermoBall

n = 5

n = 3

n = 1

0

100

200

300

400

500

600

700

Down Primaloft Thermoball

In
s

u
la

ti
o

n
 F

a
c
to

r 
[m

2
ºC

 /
 W

 k
g
]



 7 2.671 Go Forth and Measure 

ACKNOWLEDGMENTS 

The author of this paper would like acknowledge Phil 

Gibson and Margaret Auerbach of the U.S. Army Natick 

Research Center for their generous help and equipment 

use. The author would also like to thank Dave Custer, Dr. 

Susan Swithenbank, and Prof. Doug Hart for their 

assistance in designing the experiment. Lastly, the author 

would like to thank everyone that provided jacket samples 

and North Face for providing the free ThermoBall jacket. 

REFERENCES 
 

[1] Graydon, D., and Mountaineers (Society), eds., 1992, 

Mountaineering: The Freedom of the Hills, Mountaineers, 

Seattle. 

[2] Broudy, B., 2011, “North Face’s ThermoBall Wants to 

Revolutionize Jacket Insulation,” Popular Science, 

www.popsci.com. 

[3] Pierre Lermusiaux, “Thermal-Fluids Engineering,” 2.005 

Lecture Notes, MIT, Fall 2014 (unpublished) 

[4] ASTM Standard D1518, 2014, "Test Method for Thermal 

Resistance of Batting Systems Using a Hot Plate," ASTM 

International, West Conshohocken, PA, 2014, DOI: 

10.1520/D1518-14, www.astm.org. 

[5] Operator’s Manual, Model: 306-200/400, 2008, “Sweating 

Guarded Hotplate,” Measurement Technology Northwest, 

Seattle, WA, 2008 

[6] ASTM Standard D1777, 2011, "Test Method for Thickness 

of Textile Materials," ASTM International, West 

Conshohocken, PA, 2011, DOI: 10.1520/D1777-11, 

www.astm.org.

http://www.popsci.com/
http://www.astm.org/
http://www.astm.org/



