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EFFECTS OF PHYSICAL PROPERTIES OF CLOTHES ON
PARAMETERS OF THE MICROCLIMATE LAYER

Purpose. It is to set dependencies parameters of the microclimate layer from the physical
properties of the fleece garment and physical activity of the subject during accumulation and output
of temperature and humidity.

Methodology. Applied the principle of area-differentiated arrangement of wireless sensor
networks monitoring microclimate under clothing, used standardized methods for determining the
physical properties of textile materials. Used wireless monitoring system IBK 2 and specialized
software WBIMSoft during research.

Findings. The effect of physical parameters of fleece garmentin the process of
accumulation and output of temperature and humidity from the microclimate outer layer is
determined in the laboratory exercise on the subject within the light activity zone.

Scientific novelty. The dependences of microclimate temperature and humidity in the outer
layer of the physical properties of the fleece garment and physical activity of the subject were
obtained. The coefficient of heat and moisture transfer out of the microclimate outer layer was
offered.

Practical value. The results of the research to assess the compliance of the systems within
subject activity and for prediction of compatibility with other elements of special clothing.

Keywords: heat and moisture transfer processes, heat, fleece, comfort, IBK2, WBIMSoft.

Introduction. Thermal comfort, influenced by thermal sensation is an important human
performance indicator. Clothing acts as a hurdle for heat and vapor transport between the skin and
the environment. This hurdle is formed both by the clothing materials themselves and by the air
layer. It will affect the heat loss of the body and will affect the thermal sensation experienced by a
subject [1].
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Fig. 1. Schematic representation of factors influencing thermal comfort [2]
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The comfort is one of the most important properties of the clothes to be considered. The
significance of comfort has been underestimated while the complex mechanism and the variables
involved in heat and moisture transfer processes within the microclimate can be controlled [3].
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The process of moisture output is an important factor which influences the dynamic comfort
of the wearer in practical use.

Setting objectives. Role of clothing is important towards the environment and our body
metabolism. Clothing acts a bridge between two factors.The human body tries to maintain a
constant core temperature about 37°C. The actual value varies from person to person but the
temperature is maintained within narrow limits. However, the body must be kept in thermal
balance. The metabolic heat generated with the heat received from external sources must be
matched by the body losses of an equivalent amount of heat. If the heat gain and the heat loss are
not in balance then the body temperature will either rise or reduced [4]. The purpose of the research
is to set dependencies parameters of the microclimate layer from the physical properties of the
fleece garment and physical activity of the subject during accumulation and output of temperature
and humidity

Research results. On the figure 1 schematically the placement of temperature and humidity
sensors weighted on underwear in air gap of outer layer. In turn, the body generates heat and
moisture, transfer through air gap of inner layer, underwear and gets in air gap of outer layer.

Temperature and relative
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Fig. 1. Schematic of heat and mass transfer through clothing system

Three original fleece garments have been tried out. The characteristics of garment fabrics are
shown in Table 1, measured in a laboratory ADVL “ Textile - TEST ” (KNUTD, Kyiv).

Table 1
Characteristics of fleece fabrics
N° Type of fleece Raw Hygroscopic, Air Surface Application
fabrics material % permeability, density,
dm3 / (m2s) glem?
1 FF1 100% 2,4 525 245 outer layer
polyester
2 FF2 100% 1,45 503 261 outer layer
polyester
3 FF3 100% 2.35 506 259 outer layer
polyester
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Clothing microclimate temperature (Tm,°C) and relative humidity (RHmM,%) were measured

(1 time per second) during exercise using complex IBK2:
the central unit IBK 2D;
remote measurement unit of temperature and humidity IBK3.4R002.

The group of subjects consisted of 12 male participants. The mean age, height and weight of
the subjects were 22 (SD + 2) years, 171,5 (SD + 1,5) cm and 67,5 (SD * 2,5) kg. The entire test
procedure and the conditions of the test were explained to each participant, and the consent was
signed.

Each subject tested three types of fleece garment and went through the test protocol once a
day at the same time each day for 70 minutes [5]. The subject were weighted by sensors on
undergarment. The test consisted of the following protocol (Figure 2): 10 min rest; 10 min warm up
at a workload of 110watt using treadmill speed 2 km/hour; the workload then increased to 140, 200
and 460 watt. After this, the workload decreased to 58 watt.

Activity
® >
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6
Sitting Run 2 km/h Run 3 km/h Run 5 km/h | Run 10 km/h Sitting
58 W/m® | 110 W/m? 140 W/m? 200 W/m? 460 W/m? 58 W/m?
10 min 10 min 10 min 10 min 10 min 20 min

Air temperature +19 C
Fig. 2. The test protocol

The outer layer clothing microclimate temperature and relative humidity were assessed
using sensors. Those attached to the underwear (100% cotton T-short) and have area-differentiated
arrangement [6] (Figure 3).
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Absorption, distribution, and transport of moisture originating from sweat depend on the
presence of underlying clothing layers. The processes associated with this part of moisture transfer
include wicking, evaporation and condensation [7]. The results of the research are presented
graphically in Figure 4.
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Fig. 4. Effect of activity phase on microclimate temperature and humidity

Table 2
Evaluation of the microclimate temperature and humidity as a function of the activity phase
type and type of fleece garment

No Type of fleece Equations Kepym
fabrics Microclimate temperature, °C | Microclimate humidity,
%
1 FF1 y = 0,0056x° - 0,0369%° + | y =1,0324x° - 6,7263x° 2,36
0,2304x + 30,16, R2= 0,875 | + 8,3041x + 21,973, R?
=0,9908
2 FF2 y = 0,0943x° - 0,9604x° + y = 0,9133x3 - 1,52
2,7724x + 27,987, R2 = 3,6554x2 - 0,6301x +
0,9178 22,91, R2=0,9841
3 FF3 y =0,1729x3 - 1,8689x2 + y = 0,9133x3 - 1,78
6,0111x + 24,147, R2=0,868 | 3,6554x2 - 0,6301x +
22,91, R2 = 0,9841

The coefficient of moisture output from the microclimate outer layer, Kzy.,,, Was calculated as:

RHmMs

K B —
RHm RHmMr

1)

where RHmr — average relative humidity for the 6th phase,%; RHms- average relative
humidity for the 5th phase,%.

80




A
BICHUK KHYTI Ne3 (110), 2017 Materials Science, Textile and Apparel Manufacturing.
Metrology, testing and quality certification

Those equations can use for prediction of outer layer clothing microclimate temperature and
relative humidity with known activity phase and by using same clothing system.

Conclusions. The output humidity under the outer layer of clothes space at rest, (phase 1)
was at the same level, within 19-25%, in subsequent loads person (from 2 to 5 phases) the gradual
increase in humidity according to intensity of movement. Further, the process of accumulation of
moisture continued (phase 6). The research process of moisture absorption and moisture output is
divided into stages of lower humidity in the space under clothes by absorbing moisture by package
of underwear material and fleece garment (phase 1-3), accumulation stage of moisture (phase 3-5),
moisture output (phase 6) within 53-84%. As seen in Figure 6 most intense humidity output was
from outer layer of the sample FF2 and the coefficient of moisture output from the microclimate
outer layer is 1,52.
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BILJIUB ®I3UYHUX BJIACTUBOCTEM OJISATY HA TAPAMETPH 30BHIIIIHHOT'O
MIKPOKIIMATUYHOTI' O ITPOIIAPKY
KYPI'AHCBKA M.M.*, BEPESHEHKO C.M.*, [TABJIOBA M.C.** BACUJIEHKO B.M. *

* KuiBChbKUH HaIliOHATBHUHM YHIBEPCHTET TEXHOJIOTIH Ta TU3alHY
** Kazimex [lymacki yHiBepCUTET TEXHOJIOTIH Ta TyMaHITApHUX HayK B Pamomi

Mema. Bcmanosenenns 3anedchocmei napamempis 308HIUHb020 MIKPOKIIMAMUYHO20
npowapky 6i0 hizuunux eracmusocmeti 002y 3 mamepianie muny «guicy ma cmynens QizuuHoi
akmuenocmi cyb '€kmy Ha emani HAKONUYEHHs MA 8UBCOEHHS MeMNepamypu ma 01020CHi.

Memoouka. 3acmoco8ano  NPUHYUN  30HANLHO-OUDEPEeHYTIOBAHO20 — POZMAULYBAHHS
elemMenmie  0e30pOmoBUX  CEHCOPHUX MepedC MOHIMOPpUHey MIKpOKIiMamy nid 00520M,
3aCmMoCco8aHO CMAHOAPMU308AHI MemOOU BU3HAYEHHA @I3UYHUX 61ACMUBOCMEL MeKCMUIbHUX
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mamepianie. Buxopucmano cucmemy 6Oe30pomosozco monimopuney IBK 2 ma cneyianizosane
npocpamne 3abesneuenns \WBIMSoft 6.0 nio uac nposedenns oocnioxcens.

Pesynomamu.  Bukomano  moldeniosamnsa y — 1a60pamopHux — ymoax  hizuuHozo
HABAHMAIICEHHA HA CYO '€KM 8 MeHcax 30HU JIecKOi aKmueHoCmi ma ompumaHo pe3yiomamu OJisl
BUBHAUEHHS BNAUBY DI3UYHUX NApaAMempie Mamepianie muny «@uicy» na npoyec ueedeHHs menja
ma 601102u 3 306HIUHbO20 MIKPOKAIMAMUYHO20 NPOWADK) .

Haykoeéa noeusna. BcmanoeneHo 3anexicHOCmi 3MiHU meMnepamypu ma 601020CMmi Y
308HIUHbOMY MIKPOKIIMAMUYHOMY APOWAPKY 6i0 (QisuyHux enacmueocmell 0052y 3 mamepianie
muny «guicy ma cmyneHa @isuyHoi akmusHocmi cy0’ekmy. 3anponoHO8AHO 3ACMOCO8Y8aAMU
Koe@iyienm 8010208UBCOeHH s 3 3068HIUHbOMY MIKPOKIIMAMUYHOMY HPOULADKY.

Ilpakmuuna 3nauumicms. Ompumani pe3yromamu O0CHIONHCEHb O00360JIAI0Mb OYIHUMU
CMYNiHb GIONOGIOHOCMI CUCMEMU 8 MeJHCAX 30HU JIe2Koi aKmueHoCmi ma 3acmocogygamu ix 0/
nOO0ANbLULIO20 NPOCHO3YB8AHHSA CIMYNEHs. iT CYMICHOCMI 3 THUUMU eleMeHmMaMu CneyianbHO20 002).

Knrwuosi crnosa: sonocosusedenns, mennosiooaua, ¢uic, kompopm, IK2, WBIMSoft.

BJIUAHUE ®PU3NYECKUX CBOMCTB OAEXK/IbI HA TAPAMETPBI BHEIIIHET' O
MHUKPOKJINMATHYECKOI'O CJ10A
KYPI'AHCKASA M.M.*, BEPEBHEHKO C.M.*, [IABJIOBA M.C.** BACUJIEHKO B.H.*

* Kueackutl HayUOHALHBLI YHUGEPCUMEm MEeXHOI02UN U OU3AUHA
** Kazumenc [lynacku ynusepcumem mexHonro2utl u 2yManumapHuix Hayx 6 Padome

Ilens. Ycmanoenenue 3asucumocmeil nApamMempos 6HewHe20 MUKPOKIUMAMUYECKO2O0
NpOCIOUKU OM  QU3UYECKUX CBOUCME 00ex#cObl U3 Mamepuara muna «@pauc»y u cmeneuu
Quszuueckoll akmueHocmu CcyOveKma Ha dmane HAKONIEeHUs U 6bl800d MeMnepamypvl u
8NAIHCHOCTU.

Memoouka. Ilpumenen npunyun 30HAILHO-OUPDDEPEHYUPOBAHHOZO — PACNOIONCEHUS.
9/1eMeHmo8 6ecnpOBOOHbIX CEHCOPHBIX cemeli MOHUMOPUHESA MUKPOKIUMAMA HOO 00eXHcOoll,
NpUMeHeHbl CIAHOAPMUUPOBAHHBIE MeMOObl ONPEOeleHUs. PUIUYECKUX CEOUCME MEKCMULbHBIX
mamepuanos.  Hcnonvzogana — cucmema — Oecnpooonozo  moHumopunea HCK 2 u
cneyuanusuposannoe npozpammmoe obecneuenue WBIMSOft 6.0 npu nposedenuu uccredosanuil.

Pesynomamul. Bvinoineno moolenupoganue 6 J1aOOPAMOPHLIX YCI0BUAX DUIUYECKYIO
HaepysKy Ha cyOveKkm 6 npeoenax 30Hbl e2KOU AKMUBHOCMU U NOLYYEeHbl pe3Vibmambl O
onpeodenenus GIUAHUA QUIUYECKUX NAPAMEMPO8 00eXHcObl U3 MAmepuanog muna «gaucay ma
npoyecc 6b1600a Menad U 61d2uU U3 6HewHel MUKPOKIUMAMUYECKOU NPOCIOUKU.

Hayunas noeusna. Ycmanognenvl 3a8UcumMocmu UsMeHeHUs: memMnepamypuvl U 61a*CHOCU
80 BHeUlHell MUKPOKIUMAMUYECKOU NPOCIOUKe Om (PU3UYecKUx c8OUCME Mamepuaia munda «Qaucy
u cmenenu @usuueckon akmugHocmu cyovekma. Ilpednodiceno npumensms Kodduyuenm
B0/10208UBCOEHHS C BHEUHEel MUKPOKTUMAMUYECKUX NPOCIOUKU.

Ilpakmuueckasn 3nauumocme. I[lonyuennvie pesyrbmamsl UCCIEO08AHUL  NO3B0IAIOM
OYeHUmb CmeneHb COOMEEMCMEUs CUCIEMbL 8 NPEOelax 30Hbl 1e2KOU aKMUSHOCMU U NPUMEHAMb
UX 018 OanbHeuuleeo NPOSHO3UPOBAHUS CMENeHU ee COBMEeCMUMOCIU C Opy2UMU NeMeHmMAaAMU
CNeyuaIbHoU 00exdcobl.

Knroueswvie cnosa: sonocosusedenns, menioomoaua, ¢pauc, kompopm, UBK2, WBIMSoft
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