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Introduction
Clothing is an integral part of human life and has a number of 

functions: adornment, status, modesty and protection. However, 
the primary role of clothing is to form a layer or layer of barriers 
that protect the body against unsuitable physical environments. 
This protection of body fulfils number of functions, like maintaining 
the right thermal environment to the body, which is essential for its 
survival and preventing the body from being injured by abrasion, 
radiation, wind, electricity, chemical and microbiological substances. 
These traditionally classified functions of clothing clearly indicates 
that it plays a very important role at the interface between human 
body and its surrounding environment in determining the subjective 
perception of comfort status of a wearer [1]. Over the last few years, 
there has been growing interest in knitted fabrics due to its simple 
production technique, low cost, high levels of clothing comfort and 
wide product range. Knitted fabrics not only possess stretch and 
provide freedom of movement, but they also have good handle and 
easily transmit vapor from the body. That’s why knitted fabrics are 
commonly preferred for sportswear, casual wear and underwear. 
Sports garments, particularly the layer worn next to skin, are key 
to the physiological comfort of an athlete, and their attributes in 
this aspect are critical to the athlete’s performance. Fabric thermal 
resistance, thermal conductivity, thermal absorptivity, heat 
flow, relative water vapor permeability and air permeability  are 
physical properties that need to be measured to obtain a better 
understanding of heat and water transportation through fabric. 
Fabric comfort performance can be reflected by a combination of 
these properties which are governed by the same structural factors 
of fabrics [2].

Clothing Physiology
Clothing physiology is the mechanism of interactions between 

the human body and its clothing system, and it aims at providing 
information on the physiological properties of clothing. It is 
expressed in terms of comfort, performance capability and the 
health of wearer. The clothing is said to be physiologically right 
when it functions correctly while physical activity is taking place. 
Functionally correct clothing is only possible when there is a correct 
interaction of fibre, spinning, weaving or knitting parameters, fabric 
density, thickness and weight, colouration and finish, garment fit 
and making up technique.

Perception of Comfort
The demands from fabrics have changed with the developments 

in textile technology and the rise of people’s living standards. 
Now the requirement is not only style and durability, but also 
clothing comfort [3]. Clothing comfort, being a fundamental and 
universal need for consumers, may be defined as a pleasant state 
of physiological, psychological and physical harmony between a 
human being and the environment [4,5]. Physiological comfort is 
related to the human body’s ability to maintain life, psychological 
comfort to the mind’s ability to keep itself functioning satisfactorily 
with external  help and includes the aesthetic appeal which 
depends on size, fit, colour, luster, style, fashion compatibility, etc.,  
and physical comfort to the effect of the external environment on 
the body. It has been recognized for a long time that it is difficult to 
describe comfort positively, but discomfort can easily be described  
in terms of  prickle, itch, hot and cold. Therefore, a widely accepted 
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definition for comfort is stated as freedom from pain and from 
discomfort as a neutral state [6-8].  For sportswear that has 
transferred to the mass market and may be worn on a daily basis, 
the psychological and sensorial functions are as important as the 
thermophysiological properties. However, these definitions only 
identify the factors influencing human sensory perceptions; the 
relationships between these factors and overall comfort have not 
yet been determined [9].

Concept of  Clothing Comfort
Modern comfort science categorizes the clothing comfort into 

three independent sensory groups, such as:

Thermal wear comfort – mainly related to the sensations 
involving temperature and moisture. This factor responds mainly 
with the thermal receptors in the skin and relates to the transfer 
properties of clothing such as heat transfer, moisture transfer and 
air permeability. The clothing wearer will usually be exposed to two 
different conditions.

a) During normal wear, insensible perspiration is 
continuously generated by the body. Steady-state heat and moisture 
vapour are generated and must be gradually dissipated to maintain 
thermo regulation and a feeling of thermal comfort. The clothing 
becomes a part of the steady-state thermoregulatory system.

b) In transient wear conditions, characterized by intermittent 
pulses of moderate or heavy sweating caused by strenuous activity 
or climatic conditions, perspiration and liquid sweat occur as 
well as evaporation of the sweat to cool the body. In this case, the 
clothing needs to manage heat, vapour, and liquid transports to 
keep the body regulated. 

c) Tactile comfort: associated with the sensations involving 
direct skin-fabric mechanical interactions. This factor responds 
largely with the pain receptors in the skin and relates mainly to the 
surface characteristics of the fabric, its density, smoothness of the 
surface and the diameter of the fibre ends. 

d) Pressure comfort: is more complex and involves a 
number of synthetic sensations. This factor may mainly correspond 
to the pressure receptors in the skin and may come from some 
combination of a number of sensory responses. Fabric bulk, 
mechanical behavior and overall fit of the garment to the body may 
be responsible to this dimension of comfort. Stretch in fabrics falls 
into the category of pressure sensations [10].

Micro-climate is a general term that describes the temperature, 
humidity and microscopic air stream between the skin and the 
clothing. It is an important factor in wear comfort and depends on 
the properties such as moisture and heat transport through the 
material, physiological and environmental conditions.

Thermal Comfort
Comfort involves thermal and non-thermal components, and 

it is related to wear situations, such as, working, non-critical and 
critical conditions. Comfort is related to complex interactions 

between the fabric, climatic, physiological and psychological 
variables. A person feels comfortable in a particular climatic 
condition if his energy production and energy exchange with 
environment are evenly balanced so that heating or cooling 
of the body is within tolerable limits. The human organism is 
homoeothermic, which means that it has to maintain its core body 
temperature of approximately 370C. Hence, the body temperature is 
the most critical factor in deciding comfort [11,12]. During all kinds 
of activity, the human body produces a certain amount of heat in 
range of 80 W while sleeping to even over 1000W during intensive 
effort, such as participation in active sports [13]. Heat is gained by 
the body from the sun or intermediate source of energy by means of 
internal metabolism, physical exercise or activity, or by involuntary 
contractions of skeletal muscles in shivering. The surplus energy 
can be transferred to the environment in three ways: respiration, 
release of dry flux (conduction, convection and radiation) and a 
latent flux produced by perspiration. Heat loss depends partly 
on the temperature gradient between skin and environment, and 
this gradient is modified by varying the skin temperature. Blood 
flow near, and evaporation from, the body surface control the skin 
temperature, and one function of clothing is the support of these 
processes. The first flux depends on the insulation property of 
clothing while the second one depends on its moisture transport 
properties.  The total heat loss at a mean temperature of 200C and 
relative air humidity of 50% can be divided as follows:

Evaporation    - 20%

Convection  - 25%

Radiation  - 45%

Respiration  - 10%.

The above division of heat loss occurs during rest and when 
there is a lack of ventilation. At low temperature respiration can 
exceed 30% of the total heat loss, whereas at high ambient air 
temperature of 34-37 0C, the evaporation of sweat is the main 
cause of heat loss. Sweating is the most effective way the human 
body has of cooling down [14]. Excessive heat may be dissipated 
rapidly by vapourization of body water and the clothing system 
that hinders the free evapouration to any appreciable extent will 
thus be uncomfortable. On the other hand, undesirable heat loss 
can be prevented by increasing the thermal resistance of the 
barrier between the body and its environment and a fabric with 
low resistance will again result discomfort to the wearer. So, it is 
clear that clothing is a key aspect for body comfort, and it should 
essentially help the wearer in his/her effort and not to give 
additional physical and heat stress. The thermal comfort of man 
depends on combinations of clothing, climate and physical activity. 
There are many thermal measurements possible for fabrics, but, in 
general, they can be divided into two groups: transient-state thermal 
properties and steady-state thermal properties. The steady-state 
properties of thermal conductivity and resistance are perhaps the 
most widely understood and provide information on the warmth 
of a fabric. Transient heat transfer occurs when contact between 
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the skin and a surface first takes place. Measurements classified 
as transient include the thermal diffusivity, which characterizes 
the temperature flow through the fabrics, thermal absorptivity, 
which is the quantity of heat penetrating a fabric during the time 
period when the temperature is raised rapidly, and Qmax, which the 
maximum heat flow while heat is still being transferred.

Physical Properties Affecting Heat and Water 
Transport
Thermal Conductivity (λ)

 is the intrinsic property of a material which relates its ability 
to conduct heat. Thermal conductivity is defined as the quantity 
of heat (Q) transmitted through a unit thickness (L) in a direction 
normal to a surface of unit area (A) due to a unit temperature 
gradient (ΔT) under steady state conditions and when the heat 
transfer is dependent only on the temperature gradient. In equation 
form it can be expresses as: 

Thermal Conductivity = heat × distance / (area × temperature 
gradient)

                                     / ( )Q L A Tλ = × ×∆

For textile materials, still air in the fabric structure is the most 
important factor for conductivity value, as still air has the lowest 
thermal conductivity value compared to all fibres ( λair = 0.025 ) [15]. 
In general, the thermal conductivity of fibres is higher than that of 
entrapped air in fabric [16]. Therefore, as the amount of entrapped 
air in the fabric structure increases, the fabric provides lower thermal 
conductivity and higher thermal insulation. Holcombe and Hoschke 
showed that a relationship exists between the thermal conductivity 
of the fabric and the thermal conductivities of air and fibre, together 
with the packing factor of the construction. The entrapped air is by 
far the greatest determinant of fabric conductivity, and within the 
range of typical textile fibre conductivities, the contribution of fibre 
is relatively small [17].

Thermal Resistance
Thermal resistance is an indication of how well a material 

insulates. It is based on the equation : 

                                              /R h λ=
Where R is the thermal resistance, h is the thickness and λ is the 

thermal conductivity.

The thermal resistance of a certain fabric is inversely proportional 
to its thermal conductivity [18]. The resistance that a fabric offers 
to the movement of heat through it is of critical importance to its 
thermal comfort. In studying the thermal insulation properties of 
garments during wear, it is clear that thermal resistance to transfer 
of heat from the body to the surrounding air is the sum of three 
parameters: 

a) The thermal resistance to transfer heat from the surface 
of the material, 

b) The thermal resistance of the clothing material, and 

c) The thermal resistance of the air interlayer. It is obvious 
that heat transfer through a fabric is a complex phenomenon 
affected by many factors.

The three major factors in normal fabrics appear to be thickness, 
enclosed still air and external air is the most significant factor in 
determining thermal insulation. The greater the thermal resistance 
of a fabric, the lower its ability to disperse body heat [19].

Thermal Absorptivity
Thermal absorptivity determines the contact temperature of 

two materials and indicates the warm-cool feeling of fabrics [20]. 
When a human touches a fabric that has a different temperature 
from the skin, heat exchange occurs between the hand and fabric. 
if the thermal absorptivity of a fabric is high, it gives a cooler 
feeling at first contact [21]. Physically, it is a function of the thermal 
conductivity, density and specific heat of a fabric and can be 
expressed as:

                                           1
2( )B cλρ=

Where λ is the thermal conductivity, ρ is the fabric density and 
c are the specific heat of fabric [22]. 

Moisture Management
Moisture management is an important aspect of fabric meant 

for apparels, which decides comfort level. An important feature of 
any fabric is how it transport, store, and dispose liquid water and 
moisture from the surface of the skin to the atmosphere through the 
fabric [23], is  a complex process influenced by a variety of fabric 
characteristics, e.g., type of fibre ( hydrophilic and hydrophobic 
), porosity, and thickness [24]. Moisture management could be 
defined as the controlled movement of water vapor and liquid 
water (perspiration) from the surface of the skin to the atmosphere 
through a fabric” [25]. Moisture transmission through textiles has a 
great influence on the thermo-physiological comfort of the human 
body which is maintained by perspiring both in vapour and liquid 
form. Recently there is an increasing demand for sportswear and 
sports related textiles due to significant increases in interest of 
people in active indoor and outdoor leisure pursuits. If moisture 
cannot evaporate from the skin, both the skin temperature and 
discomfort increase [26]. An ideal sportswear must transfer 
perspiration from the body followed by evaporating the moisture 
rapidly and keeping the body warm [27]. The most effective fabrics 
will spread moisture over a wide area to maximize the surface area 
available for evaporation and hence cooling [28].

Moisture management has the following functions:

a) Regulation of body temperature: When the human body 
core temperature exceeds 37oC, sweat is produced. Transporting 
the sweat away from the skin and evaporating it to the atmosphere, 
reduces body temperature.

b) Control of cloth weight increase: Absorbing the 
moist generated by the body increases cloth weight, making it 
uncomfortable and with a negative effect on performance.  Moisture 
management avoids this effect [29].
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Moisture transport mechanism 

The moisture transport process of clothing under humidity 
transience is one of the most important factors influencing the 
dynamic comfort of a wearer in practical wear situations. However, 
the moisture transport process is hardly a single process; it is always 
coupled with heat transfer process under dynamic conditions due to 
energy changes involved with the phase change of water molecules 
[30]. The thermal insulation and the moisture resistance of a clothing 
system are governed both by the fit of the individual garments and 
by the characteristics of the textile material [31]. Clothing’s heat 
and moisture transfer performance is affected not only by material 
properties, such as fabric thickness, weight and air permeability, 
but also by design, size and accessory and how a garment is worn. 
The nature and thickness of the materials reduce the permeability 
of clothing and, consequently, inhibit the evaporation of moisture 
from the body. The clothing weight, as well as its stiffness, thickness 
and bulkiness, can increase the wearer’s metabolic heat production 
during activity as well as restrict heat exchange between the body 
and the environment. The air gap between the skin and the material 
and the garment design, open or closed, are also important factors 
[32]. Due to the tenor body activity, the body can put out as much 
as 1 L sweat an hour; therefore, the fabric worn next to skin will 
get wet. This moisturized fabric reduces the body heat and makes 
the wearer uncomfortable. So, the fabric worn next to the skin 
should assist for the release of moisture quickly to the atmosphere. 
Detailed knowledge of the moisture transmission properties of a 
fiber assembly is prerequisite for improving the comfort of apparel 
materials. The outdoor exercise market for apparel worn next to 
the skin continues to stimulate interest, much revolving around 
better understanding of the relationships between fabric structure 
( typically knits ) and permeability to water vapour / water ( ie. 
sweat ). Li et al. showed that the heat transfer process, which is 
influenced by fabric thickness and porosity, significantly impacts 
moisture transport process [33].

Water vapour permeability 

Also known as ‘breathability’, water vapour permeability is 
defined as a fabric’s ability to transport water vapour from the skin 
surface through the fabric to the external environment [34,35]. 
This fabric property is important for fabrics used in sportswear. 
The human body has its own mechanism for cooling itself when 
overheating through insensible perspiration ( in form of water 
vapour ) and / or sensible perspiration (liquid sweat) to balance 
the body heat generated from daily activities of varying  intensities. 
Ultimately its purpose is to maintain a constant body temperature. 
Body heat evaporates the perspiration; however, if the vapor cannot 
escape to the surrounding atmosphere, the relative humidity inside 
the clothing will increase, which will cause a wet feeling on the skin 
and an uncomfortable sensation [36,37]. Measuring permeability 
to water vapour (and water) has presented a challenge for many 
years, and several test methods have been developed and reviewed. 
The basic method of water vapour permeability is a dish method 
(ASTM E96, 2000; BS7209, 1990;ISO 11092, 1993). The lost water 

at certain durations can be measured, with which water vapour 
permeability can be calculated. This is a direct measurement of 
water vapour permeability and recognized as a reliable method 
[38].

Water vapour resistance

Water vapour permeability is indirectly related to water vapour 
resistance. The latter property can be described as the amount of 
resistance against the transport of water vapour through a fabric 
[39-41]. 

Porosity
It  is logical to expect that fabric structure has an impact on 

air permeability, namely, the porosity. It was determined that the 
loop length of a knitted jersey has more influence on porosity than 
the stitch density and the thickness. Porosity is affected by the 
yarn number or yarn count number [42]. Knitted fabrics are the 
preferred structures in athletic wear in which demand for comfort 
is a key requirement. Heat and liquid sweat generation during 
athletic activities must be transported out and dissipated to the 
atmosphere. A key property influencing such behaviors is porosity. 
Two parameters that characterize it are pore size and pore volume. 
Porosity is determined by calculating the difference between the 
total volume of a fabric specimen and the total volume of fiber in 
it. The difference between these two values is considered as air 
space and when calculated as a percentage of the total volume gives 
the calculated porosity value. The porosity of textile fabrics can be 
evaluated according to several methods. The most commonly used 
are air permeability, geometrical modeling and image processing. 
It can be given using construction parameters of the knit fabric 
(Benltoufa et al. 2007) using Eq: 

                                     1 2
2

d cw
t

ε = −Π 

Where: 

t : sample’s thickness (cm) 

ℓ : elementary loop length (cm) 

d : yarn diameter (cm) 

C : number of Courses per cm 

W: number of Wales per cm [43]. 

Air Permeability

Permeability is a property composed of performance and 
thickness of a material in [m3/s.m2] in SI system. Air permeability 
is defined as the volume of air in millilitres which is passed in one 
second through 100mm2 of the fabric at a pressure difference of 
10mm head of water. The fabric structural parameters have an 
impact on air permeability by causing a change in the length of 
airflow paths through a fabric. Density (porosity), e.g., the shape 
and sizes of pores, and finishing processes also influence air 
permeability. The reciprocal of air permeability, air resistance, is 

http://dx.doi.org/10.32474/LTTFD.2021.03.000174


                                                                                                                                                                              Volume 3 - Issue 5Trends in Textile & Fash Design.

Citation: Jitendra R Ajmeri, Chitra N Joshi. Heat and Water Transport Through Knitted Fabric. Trends in Textile & Fash Design 3(5)-2021. 
LTTFD.MS.ID.000174. DOI: 10.32474/LTTFD.2021.03.000174.

Copyrights @ Jitendra R Ajmeri, et al.

674

defined as the time in seconds for a certain volume of air to pass 
through a certain area of fabric under a constant pressure. The 
advantage of using air resistance instead of air permeability is to be 
able to characterize the air resistance of an assembly of a number 
of fabrics as the sum of the individual air resistances while air 
permeability is just characterizing a fabric. Air permeability is an 
important factor in determining the comfort level of a fabric as it 
plays a significant role in transporting moisture vapours from the 
skin to the outside atmosphere. The assumption is that vapours 
travel mainly through fabric spaces by diffusion in air from one 
side of the fabric to the other [44,45]. Adequate ventilation or air 
movement can reduce the insulation properties of clothing by 5 to 
50% [46]. It is known that permeability to air depends on the fabric 
surface density, i.e., it depends on the knit’s loop length and on the 
linear density of yarns.

Summary
With the possibility of various combinations of fabric 

constructions and yarns used, knitted fabric appears to be the 
ideal base for functionally adaptive sportswear. It is not a simple 
task to optimize sportswear as regards thermo-physiological and 
sensorial comfort. The PR requirements of ideal sportswear are 
rapid transport of perspiration away from the body and then its 
rapid evaporations. Actually, the comfort perceptions of clothing 
are influenced by the wetness or dryness of the fabric and thermal 
feelings resulting from the interactions of fabric moisture and heat 
transfer related properties. Detailed knowledge of the heat and 
water transport properties of a fiber assembly is prerequisite for 
improving the comfort of knitted sportswear fabrics.

References
1. Senthilkumar P, Dasaradan BS (2007) Comfort properties of textiles. 

Institute of Engineers ( India) 88: 3-4.

2. Daiva Mikučionienė, Laima Milašiūtė, Julija Baltušnikaitė, R Milašius 
(2012) Influence of Plain Knit Structure on Flammability and Air 
Permeability. Fibres & Textiles in Eastrn Europe 5(94): 66-69.

3. Nida Oglakcioglu, Arzu Marmarali (2007) Thermal comfort properties 
of some knitted structures. Fibres & Textiles in Eastern Europe 15(5-6): 
64-65.

4. Sheela Raj, Sreenivasan S (2009) Total wear comfort index as an 
objective parameter for characterization of overall wearability of cotton 
fabrics. Journal of Engineered Fibers and Fabrics 4(4): 29-41.

5. Merve Küçükali Öztürk (2011) A study of wicking properties of cotton-
acrylic yarns and knitted fabrics. Textile Research Journal 81(3): 324-
328.

6. Arzu Marmarali, Mirela Blaga, Tuba BEDEZ Ute, Gozde Damci (2009) 
Thermal comfort properties of blended yarns knitted fabrics Proceedings 
of ITMC, International Conference.

7. Arzu Marmarali, Huseyin Kadoglu, Nida Oglakcioglu, Pinar Celik, Mirela 
Blaga, et al. (2009)  Thermal comfort properties of some new yarn’s 
generation knitted fabrics Proceedings of Autex 2009 World Textile 
Conference, Turkey.

8. Verdu P, Jose M Rego, Nieto J, M Blanes (2009) Comfort analysis of 
woven cotton/polyester fabrics modified with a new elastic fiber, part 
1: premilinary analysis of comfort & mechanical properties Textile 
Research Journal 79(1): 14-23. 

9. ASW Wong, Y Li, PKW Yeung (2003) Neural network predictions of 
human psychological perceptions of clothing sensory comfort. Textile 
Research Journal 73 (1): 31-37.

10. Subrata Das (2008) Comfort characteristics of knitted cotton fabrics. 
Asian Textile Journal pp. 81-85.

11. Nida Oglakcioglu, Arzu Marmarali (2010) Thermal comfort properties 
of cotton knitted fabrics in dry and wet states. Tekstil ve Konfeksiyon 
pp. 213-217.

12. BK Behera (2002) Comfort behavior of cotton polypropylene based bi-
layer knitted fabrics. Asian Textile Journal p. 61-67.

13. V K Kothari, Partha Sanyal (2003) Fibres and fabrics for active 
sportswear. Asian Textile Journal p. 55-57.

14. R. Kholiya, A Goel (2007) Thermoregulation and clothing. Asian Textile 
Journal p. 54-59.

15. Nida Oglakcioglu (2009) Thermal comfort properties of angora rabbit/
cotton fibre blended knitted fabrics. Textile Research Journal 79(10): 
888-894.

16. Morton WE, Hearle JWS (2006) Physical Properties of Textile Fibres. The 
Textile Institute.

17. Holcombe BV, Hoschke BN (1983) Dry Heat Transfer Characteristics of 
underwear Fabrics, Textil Res J 53(6): 368-373.

18. Frydrych I, Dziworska G, Bilska J (2002) Fibres & Textiles in Eastern 
Europe 4(39): 40-44.

19. L Macintyre (1999) Elastic fabrics for the treatment of hypertrophic 
scars-comfort and colour. Technical Textile International p. 19-22.

20. Hes L (1987) Thermal Properties of Nonwovens. Proceedings of 
Congress Index 87, Geneva.

21. Pac MJ, Bueno MA, Renner M (2001) Textile Res J 71(19): 806.

22. Grayson M (1983) Encyclopedia of Composite Materials and 
Components. John Wiley & Sons USA.

23. B Geetha Manohari, J kannappan, P Kandhavadivu, T Ramachandran 
(2011) Liquid moisture transmission behavior of microfiber blended 
knitted fabrics. Melliand International p. 37-39.

24. Alenka PC (2010) Elastane addition impact on structural and transfer 
properties of viscose and polyacrlonitrile knits. Acta Chim Slov 57: 957-
962.

25. Cary (2002) 100% cotton moisture management Journal of Textile and 
Apparel. Technology and Management 2(3).

26. Heyward VH (2006) Advanced Fitness Assessment and Exercise 
Prescription, 5th Edition Cahmpaign, Kinetics, IL, USA.

27. L Ammayappan, K Ashok Senthil, J Jeyakodi Moses (2010) Effect of 
pretreatments on comfort, dyeing & pilling properties of two-layer 
knitted fabrics. Asian Dyer p. 58-61.

28. H Firgo (2006) Tencel high performance sportswear. Lenzinger Berichte 
85: 44-50.

29. E Onofrei (2011) The influence of knitted fabrics structure on the 
thermal and moisture management properties. Journal of Engineered 
Fibers and Fabrics 6(4): 10-22.

30. Y Li, ZX Luo (2000) Physical mechanisms of moisture diffusion into 
hygroscopic fabrics during humidity transients Journal of Textile 
Institute 91(2): 302-315.

31. S M Ishtiaque (2001) Engineering comfort. Asian Textile Journal p. 36-
39.

32. Jun Li (2007) Evaluating the effects of material component and design 
feature on heat transfer in firefighter turnout clothing by a sweating 
manikin. Textile Research Journal 77(2): 59-66.

http://dx.doi.org/10.32474/LTTFD.2021.03.000174
https://juniperpublishers.com/jojms/pdf/JOJMS.MS.ID.555662.pdf
https://juniperpublishers.com/jojms/pdf/JOJMS.MS.ID.555662.pdf
https://www.researchgate.net/publication/266137130_Influence_of_Plain_Knits_Structure_on_Flammability_and_Air_Permeability
https://www.researchgate.net/publication/266137130_Influence_of_Plain_Knits_Structure_on_Flammability_and_Air_Permeability
https://www.researchgate.net/publication/266137130_Influence_of_Plain_Knits_Structure_on_Flammability_and_Air_Permeability
http://www.fibtex.lodz.pl/article251.html
http://www.fibtex.lodz.pl/article251.html
http://www.fibtex.lodz.pl/article251.html
https://journals.sagepub.com/doi/abs/10.1177/155892500900400406
https://journals.sagepub.com/doi/abs/10.1177/155892500900400406
https://journals.sagepub.com/doi/abs/10.1177/155892500900400406
https://www.researchgate.net/publication/258196460_A_study_of_wicking_properties_of_cotton-acrylic_yarns_and_knitted_fabrics
https://www.researchgate.net/publication/258196460_A_study_of_wicking_properties_of_cotton-acrylic_yarns_and_knitted_fabrics
https://www.researchgate.net/publication/258196460_A_study_of_wicking_properties_of_cotton-acrylic_yarns_and_knitted_fabrics
https://www.researchgate.net/profile/Mirela-Blaga/publication/267698943_THERMAL_COMFORT_PROPERTIES_OF_SOME_NEW_YARNS_GENERATION_KNITTED_FABRICS/links/54ad6c220cf2213c5fe3f3bb/THERMAL-COMFORT-PROPERTIES-OF-SOME-NEW-YARNS-GENERATION-KNITTED-FABRICS.pdf
https://www.researchgate.net/profile/Mirela-Blaga/publication/267698943_THERMAL_COMFORT_PROPERTIES_OF_SOME_NEW_YARNS_GENERATION_KNITTED_FABRICS/links/54ad6c220cf2213c5fe3f3bb/THERMAL-COMFORT-PROPERTIES-OF-SOME-NEW-YARNS-GENERATION-KNITTED-FABRICS.pdf
https://www.researchgate.net/profile/Mirela-Blaga/publication/267698943_THERMAL_COMFORT_PROPERTIES_OF_SOME_NEW_YARNS_GENERATION_KNITTED_FABRICS/links/54ad6c220cf2213c5fe3f3bb/THERMAL-COMFORT-PROPERTIES-OF-SOME-NEW-YARNS-GENERATION-KNITTED-FABRICS.pdf
https://www.researchgate.net/profile/Mirela-Blaga/publication/267698943_THERMAL_COMFORT_PROPERTIES_OF_SOME_NEW_YARNS_GENERATION_KNITTED_FABRICS/links/54ad6c220cf2213c5fe3f3bb/THERMAL-COMFORT-PROPERTIES-OF-SOME-NEW-YARNS-GENERATION-KNITTED-FABRICS.pdf
https://journals.sagepub.com/doi/10.1177/0040517508090888?icid=int.sj-abstract.similar-articles.1
https://journals.sagepub.com/doi/10.1177/0040517508090888?icid=int.sj-abstract.similar-articles.1
https://journals.sagepub.com/doi/10.1177/0040517508090888?icid=int.sj-abstract.similar-articles.1
https://journals.sagepub.com/doi/10.1177/0040517508090888?icid=int.sj-abstract.similar-articles.1
https://www.researchgate.net/publication/249785199_Neural_Network_Predictions_of_Human_Psychological_Perceptions_of_Clothing_Sensory_Comfort
https://www.researchgate.net/publication/249785199_Neural_Network_Predictions_of_Human_Psychological_Perceptions_of_Clothing_Sensory_Comfort
https://www.researchgate.net/publication/249785199_Neural_Network_Predictions_of_Human_Psychological_Perceptions_of_Clothing_Sensory_Comfort
https://www.researchgate.net/publication/290531240_Thermal_comfort_properties_of_cotton_knitted_fabrics_in_dry_and_wet_states
https://www.researchgate.net/publication/290531240_Thermal_comfort_properties_of_cotton_knitted_fabrics_in_dry_and_wet_states
https://www.researchgate.net/publication/290531240_Thermal_comfort_properties_of_cotton_knitted_fabrics_in_dry_and_wet_states
https://www.researchgate.net/publication/288545446_Fibres_and_fabrics_for_active_sportswear
https://www.researchgate.net/publication/288545446_Fibres_and_fabrics_for_active_sportswear
https://medcraveonline.com/JTEFT/JTEFT-04-00162.pdf
https://medcraveonline.com/JTEFT/JTEFT-04-00162.pdf
https://journals.sagepub.com/doi/10.1177/0040517508099396
https://journals.sagepub.com/doi/10.1177/0040517508099396
https://journals.sagepub.com/doi/10.1177/0040517508099396
https://www.academia.edu/19877751/Physical_Properties_of_Textile_Fibres_4th_Edition_By_Morton_and_Hearle
https://www.academia.edu/19877751/Physical_Properties_of_Textile_Fibres_4th_Edition_By_Morton_and_Hearle
https://journals.sagepub.com/doi/10.1177/004051758305300608
https://journals.sagepub.com/doi/10.1177/004051758305300608
https://researchportal.hw.ac.uk/en/publications/elastic-fabrics-for-the-treatment-of-hypertrophic-scars-comfort-a
https://researchportal.hw.ac.uk/en/publications/elastic-fabrics-for-the-treatment-of-hypertrophic-scars-comfort-a
https://www.wiley.com/en-us/Wiley+Encyclopedia+of+Composites%2C+5+Volume+Set%2C+2nd+Edition-p-9780470128282
https://www.wiley.com/en-us/Wiley+Encyclopedia+of+Composites%2C+5+Volume+Set%2C+2nd+Edition-p-9780470128282
https://www.researchgate.net/publication/289785139_Liquid_moisture_transmission_behavior_of_microfiber_blended_knitted_fabrics
https://www.researchgate.net/publication/289785139_Liquid_moisture_transmission_behavior_of_microfiber_blended_knitted_fabrics
https://www.researchgate.net/publication/289785139_Liquid_moisture_transmission_behavior_of_microfiber_blended_knitted_fabrics
https://pubmed.ncbi.nlm.nih.gov/24061904/
https://pubmed.ncbi.nlm.nih.gov/24061904/
https://pubmed.ncbi.nlm.nih.gov/24061904/
https://textiles.ncsu.edu/tatm/wp-content/uploads/sites/4/2017/11/cottoninc_fulldocument-1.pdf
https://textiles.ncsu.edu/tatm/wp-content/uploads/sites/4/2017/11/cottoninc_fulldocument-1.pdf
https://is.muni.cz/publication/758143?lang=en
https://is.muni.cz/publication/758143?lang=en
https://www.researchgate.net/publication/286844864_Effect_of_pretreatments_on_comfort_dyeing_and_pilling_properties_of_two-layer_knitted_fabrics
https://www.researchgate.net/publication/286844864_Effect_of_pretreatments_on_comfort_dyeing_and_pilling_properties_of_two-layer_knitted_fabrics
https://www.researchgate.net/publication/286844864_Effect_of_pretreatments_on_comfort_dyeing_and_pilling_properties_of_two-layer_knitted_fabrics
https://www.researchgate.net/publication/233360848_Physical_Mechanisms_of_Moisture_Diffusion_into_Hygroscopic_Fabrics_during_Humidity_Transients
https://www.researchgate.net/publication/233360848_Physical_Mechanisms_of_Moisture_Diffusion_into_Hygroscopic_Fabrics_during_Humidity_Transients
https://www.researchgate.net/publication/233360848_Physical_Mechanisms_of_Moisture_Diffusion_into_Hygroscopic_Fabrics_during_Humidity_Transients
https://journals.sagepub.com/doi/10.1177/0040517507078029?icid=int.sj-abstract.similar-articles.3
https://journals.sagepub.com/doi/10.1177/0040517507078029?icid=int.sj-abstract.similar-articles.3
https://journals.sagepub.com/doi/10.1177/0040517507078029?icid=int.sj-abstract.similar-articles.3


Citation: Jitendra R Ajmeri, Chitra N Joshi. Heat and Water Transport Through Knitted Fabric. Trends in Textile & Fash Design 3(5)-2021. 
LTTFD.MS.ID.000174. DOI: 10.32474/LTTFD.2021.03.000174.

                                                                                                                                                                              Volume 3 - Issue 5Trends in Textile & Fash Design. Copyrights @ Jitendra R Ajmeri, et al.

675

Latest Trends in Textile and  
Fashion Designing

Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

This work is licensed under Creative
Commons Attribution 4.0 License

To Submit Your Article Click Here:       Submit Article

DOI: 10.32474/LTTFD.2021.03.000174

33. Li Y, Qingyong Z, Yeung KW (2002) Influence of Thisckness and Porosity 
on Coupled Heat and Liquid Moisture Transfer in Porous Textiles. Textil 
Res J 72(5): 435-446.

34. Robert Croskell (2001) Determining water vapour permeability of 
clothing materials. Technical Textiles International p. 9-13.

35. P Chidambaram (2012) Study of thermal comfort properties of cotton/
regenerated bamboo knitted fabrics. African Journal of Basic & Applied 
Sciences 4(2): 60-66.

36. Barker RL (2002) From fabric hand to thermal comfort: the evolving 
role of objective measurements in explaining human comfort response 
to textiles. International Journal of Clothing Science and Technology 
14(3/4): 181-200.

37. Htch KL (1993) Textile Science. West Publishing Company, New York, 
USA.

38. J Qu, J Ruckman (2006) A new calculation method of water vapour 
permeability at unsteady states. The Textile Institute 97(5): 449-453.

39. Adine Gericke, Jani van der Pol (2010) A comparative study of 
regenerated bamboo, cotton & viscose rayon fabrics. Part-1: selected 
comfort properties. Journal of Family Ecology and Consumer Sciences 
38: 63-73.

40. SS Ramkumar, A Purushothaman, KD Hake, DD McAlister (2007) 
Relationship between cotton varieties and moisture vapor transport of 
knitted fabrics. Journal of Engineered Fibers and Fabrics 2(4).

41. Jianhua Huang, Yubo Chen (2009) Effects of air temperature, relative 
humidity & wind speed on water vapour transmission rate of fabrics 
Textile Research Journal 80 (5): 422-428. 

42. Ričardas Č, J Abramavičiūtė (2010) Investigation of the air permeability 
of socks knitted from yarns with peculiar properties. Fibre & Textiles in 
Eastern Europe 81(1): 84-88.

43. S Benltoufa (2007) Porosity determination of jersey structure. Autex 
Research Journal 7(1): 63-69.

44. R Tugrul Ogulata, Serin M Mezarcioz (2011) Optimization of air 
permeability of knitted fabrics with the Taguchi approach. The Journal 
of the Textile Institute 102(5): 395-404.

45. RT Ogulata, S Mavruz (2010) Investigation of porosity and air 
permeability values of plain knitted fabrics. Fibre & Textiles in Eastern 
Europe 18(5): 71-75.

46. (2005) The Cooper Institute for Aerobics Research, The Physical Fitness 
Specialist Manual, Dallas, TX, USA.

http://dx.doi.org/10.32474/LTTFD.2021.03.000174
http://www.lupinepublishers.com/fashion-technology-textile-engineering/
http://www.lupinepublishers.com/submit-manuscript.php
http://dx.doi.org/10.32474/LTTFD.2021.03.000174
https://www.researchgate.net/publication/240721186_Influence_of_Thickness_and_Porosity_on_Coupled_Heat_and_Liquid_Moisture_Transfer_in_Porous_Textiles
https://www.researchgate.net/publication/240721186_Influence_of_Thickness_and_Porosity_on_Coupled_Heat_and_Liquid_Moisture_Transfer_in_Porous_Textiles
https://www.researchgate.net/publication/240721186_Influence_of_Thickness_and_Porosity_on_Coupled_Heat_and_Liquid_Moisture_Transfer_in_Porous_Textiles
https://www.researchgate.net/publication/266345871_Study_of_Thermal_Comfort_Properties_of_CottonRegenerated_Bamboo_Knitted_Fabrics
https://www.researchgate.net/publication/266345871_Study_of_Thermal_Comfort_Properties_of_CottonRegenerated_Bamboo_Knitted_Fabrics
https://www.researchgate.net/publication/266345871_Study_of_Thermal_Comfort_Properties_of_CottonRegenerated_Bamboo_Knitted_Fabrics
https://www.researchgate.net/publication/235270994_From_fabric_hand_to_thermal_comfort_The_evolving_role_of_objective_measurements_in_explaining_human_comfort_response_to_textiles
https://www.researchgate.net/publication/235270994_From_fabric_hand_to_thermal_comfort_The_evolving_role_of_objective_measurements_in_explaining_human_comfort_response_to_textiles
https://www.researchgate.net/publication/235270994_From_fabric_hand_to_thermal_comfort_The_evolving_role_of_objective_measurements_in_explaining_human_comfort_response_to_textiles
https://www.researchgate.net/publication/235270994_From_fabric_hand_to_thermal_comfort_The_evolving_role_of_objective_measurements_in_explaining_human_comfort_response_to_textiles
https://www.goodreads.com/book/show/4002360-textile-science
https://www.goodreads.com/book/show/4002360-textile-science
https://www.tandfonline.com/doi/abs/10.1533/joti.2006.0278
https://www.tandfonline.com/doi/abs/10.1533/joti.2006.0278
https://www.researchgate.net/publication/272444185_A_comparative_study_of_regenerated_bamboo_cotton_and_viscose_rayon_fabrics_Part_1_selected_comfort_properties
https://www.researchgate.net/publication/272444185_A_comparative_study_of_regenerated_bamboo_cotton_and_viscose_rayon_fabrics_Part_1_selected_comfort_properties
https://www.researchgate.net/publication/272444185_A_comparative_study_of_regenerated_bamboo_cotton_and_viscose_rayon_fabrics_Part_1_selected_comfort_properties
https://www.researchgate.net/publication/272444185_A_comparative_study_of_regenerated_bamboo_cotton_and_viscose_rayon_fabrics_Part_1_selected_comfort_properties
https://www.researchgate.net/publication/44235261_Relationship_Between_Cotton_Varieties_and_Moisture_Vapor_Transport_of_Knitted_Fabrics
https://www.researchgate.net/publication/44235261_Relationship_Between_Cotton_Varieties_and_Moisture_Vapor_Transport_of_Knitted_Fabrics
https://www.researchgate.net/publication/44235261_Relationship_Between_Cotton_Varieties_and_Moisture_Vapor_Transport_of_Knitted_Fabrics
https://www.researchgate.net/publication/249785663_Effects_of_Air_Temperature_Relative_Humidity_and_Wind_Speed_on_Water_Vapor_Transmission_Rate_of_Fabrics
https://www.researchgate.net/publication/249785663_Effects_of_Air_Temperature_Relative_Humidity_and_Wind_Speed_on_Water_Vapor_Transmission_Rate_of_Fabrics
https://www.researchgate.net/publication/249785663_Effects_of_Air_Temperature_Relative_Humidity_and_Wind_Speed_on_Water_Vapor_Transmission_Rate_of_Fabrics
https://www.researchgate.net/publication/299225626_Investigation_of_the_Air_Permeability_of_Socks_Knitted_from_Yarns_with_Peculiar_Properties
https://www.researchgate.net/publication/299225626_Investigation_of_the_Air_Permeability_of_Socks_Knitted_from_Yarns_with_Peculiar_Properties
https://www.researchgate.net/publication/299225626_Investigation_of_the_Air_Permeability_of_Socks_Knitted_from_Yarns_with_Peculiar_Properties
http://www.autexrj.com/cms/zalaczone_pliki/7-07-1.pdf
http://www.autexrj.com/cms/zalaczone_pliki/7-07-1.pdf
https://www.researchgate.net/publication/232821679_Optimization_of_air_permeability_of_knitted_fabrics_with_the_Taguchi_approach
https://www.researchgate.net/publication/232821679_Optimization_of_air_permeability_of_knitted_fabrics_with_the_Taguchi_approach
https://www.researchgate.net/publication/232821679_Optimization_of_air_permeability_of_knitted_fabrics_with_the_Taguchi_approach
http://www.fibtex.lodz.pl/article406.html
http://www.fibtex.lodz.pl/article406.html
http://www.fibtex.lodz.pl/article406.html

	Heat and Water Transport Through Knitted Fabric 
	Abstract
	Introduction

