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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The interaction of convective, radiant and conductive heat exchange in a vehicle compartment or similar
confined space is highly complex. External thermal loads in combination with the air conditioning
system in a vehicle compartment create non-uniform thermal environments, which are often the
main cause of complaints of thermal discomfort. In vehicles with poor or non-existent air conditioning
systems, non-uniform thermal environments can also be created by the interaction between the
ambient climatic conditions and vehicle structures. While a subjective evaluation reflects the total
sensatlons of a human body, these often incur great costs whlle the study phase is bemg conducted.

is d
nun
defi

As
cab
ISO

Thi

hicles. The equivalent temperature, obtained from measurements takenusing a therm
efined in ISO 14505-2. This document extends the definition of the, ISO 14505 series
herical evaluation when this document is used in conjunction with the equivalent te
ned in ISO 14505-2.

ns and other various enclosed spaces with non-uniform environments. As is th
14505-2, this document can also be applied to vehicle €abins and other enclosed spaces.

5 document supposes that the ISO 14505 series wilbbe applied to various situations, such
in the case of experimental facilities that are not prepared;

in the case of prototypes that are incomplete;

in the case of conditions that are difficult to simulate in controlled experimental setting

in the case that occupants are extrapolated to unknown or virtual environments.

lescribed in ISO 14505-2, an equivalent temperature can-b€ utilized in the assessment

evaluation

4 document

vironment
hl manikin,
to include
mperature

of vehicle
e case for

as:
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Ergonomics of the thermal environment — Evaluation of

th

ermal environments in vehicles —

Part 4:
Determination of the equivalent temperature by means of

3.1
nui|

g numerical calculations. Specifically, this document sets forth a simulated numerical

ipble alternative to the thermal manikin for the purpose of calculatingthe equivalent tem

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated‘treferences, only the edition cited 3
ated references, the latest edition of the reference@document (including any amendmen

13731, Ergonomics of the thermal environment~— Vocabulary and symbols

14505-2, Ergonomics of the thermal environment — Evaluation of thermal environments in
F 2: Determination of equivalent temperdture

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 13731 and ISO 14
following apply.

and IEC maintain terminological databases for use in standardization at the following ad

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

nerical manikin

predictive
in vehicles
manikin as
perature.

Pir content
pplies. For
[s) applies.

vehicles —

L.505-2 and

dresses:

Kin used to

virtualthermal manikin recreating a thermal manikin, or a digital model of a thermal mani

calculate performance

3.2

physical manikin
real thermal manikin to measure real environment

3.3

computational fluid dynamics
CFD

simulation of a series of calculations based on specific boundary conditions and specific parameters
associated with fluid and thermal fields using discrete equations based on the Navier-Stokes/Lattice-
Boltzmann equations as well as heat transfer equations that consider convection, radiation and
conduction, and generally account for the effects of turbulent flow
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4 Symbols

A complete list of symbols used in this document is presented in Table 1.

Table 1 — Symbols and units

Symbol Term Unit
a Solar absorptivity on clothing (skin on unclothed area) surface -
A Skin surface area m?2
C Convective heat loss from clothing (skin on unclothed area) surface W/m?2°C
fa Area factor (ratio of clothed to nude area) 5
h, Convective heat transfer coefficient W/mi2eg
hea Total heat transfer coefficient in a standard environment W/m2°¢
hq Convective heat transfer coefficient in a standard environment W/m2°(
h, Radiant heat transfer coefficient W/m?°¢
h Radiant heat transfer coefficient in a standard environment W/m?2°¢
Iy Thermal insulation of clothing m2°C/W
Q Total heat loss from skin surface W/m?
Qset Set value of  at constant heat flux mode W/m?
R Radiant heat loss from clothing (skin on unclothed area) surfaceyncluding effect of W/m?2
solar radiation
R, Thermal insulation between core and skin assumed by comfort equation m2°C/W
R, Total thermal resistance between the manikin skin $Grface and the environment m2°C/W
S Mean solar radiation reached on clothing (skin oninclothed area) surface W/m?
t, Air temperature °C
t,set  ||Alr temperature at b, calculation °C
tq Clothing (skin on unclothed area) surfacetemperature °C
ter Core temperature assumed by the Comfort equation °C
teq Equivalent temperature °C
t, Operative temperature incladjng the effects of solar radiation °C
t. Mean radiant temperature °C
tox Skin surface temperature °C
taset  ||Set value of £ at'eonstant temperature mode °C
v, Air velocity m/s
n Suffix: segmeént number of each body part -
whole [|Suffix: whole body -
Symbols used in Annex E
Ay Body-surface-area-ofthe-manikin w2
Ag Elemental surface area of the element i m?
A, Segmental surface area of the segment n m?2
B ; Absorption factor of radiation from surface elements i to j -
K View factor of radiation from surface elements i to j -
hcal,n Total heat transfer coefficient of segment n for calibration W/m2K
heal whole | Total heat transfer coefficient of the entire manikin for calibration W/m2K
i,j Variable body surface element number -

2 © IS0 2021 - All rights reserved
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Table 1 (continued)
Symbol Term Unit
Variable spatial volume element number for calculation of t, -
k Variable body surface element number in the recurrence equation of B, ;
my Number of body surface elements -
Mg n End body surface element number of segment n -
mg Start body surface element number of segment n -
TIT,, Numberof spatiat votumeeternremnts -
m,, Number of wall surface elements -

n Variable local segment number of the manikin -
lseg Number of manikin segments -
Qe i Heat flux of element i W/m?2
Q, Averaged heat flux over segment n W/m?2

@Ayhole | Averaged heat flux over the entire manikin W/m?
R, Thermal insulation between core and skin assumed by comfort equation m2K/W
Rerei |Thermalinsulation of element i for the comfort equationyhode calculation m2K/W
T, Averaged air temperature in the standard chamber (in{Kelvins) K
t, Averaged air temperature in the standard chamber)(in Celsius) °C
#h e x |Air temperature of the spatial volume elementk °C
Fa,in Air temperature entering the standard chamber °C
ter Core temperature assumed by the conifort equation °C
8rei |Coretemperature of element i for‘the comfort equation mode calculation °C

t Operative temperature in the standard chamber °C
T, Mean radiant temperature of the wall of the standard chamber (in Kelvins) K

t, Mean radiant temperatute of the wall of the standard chamber (in Celsius) °C
ok Skin surface tempenature of the manikin °C
skn |Averaged skin'surface temperature of segment n °C

+ Estim_ated avetrage skin surface temperature of the segment n from the comfort oC
sk.;n - lequation

tsid whole |Averaged skin surface temperature of the entire manikin °C

Tw Wall surface temperature of the standard chamber (in Kelvins) K

tw Wall surface temperature of the standard chamber (in Celsius) °C

u; Air flow velocity in the standard chamber m/s

Va'in Volumetric air flow rate entering the standard chamber m3/s
Ve k Volume of the spatial volume element k m3

1 Volume of the spatial region in the standard chamber m3

AQ, |Correction amount for generated heat of segment n W/m?2
At.,  |Threshold of difference between t’y, , and tg ,, for iterative convergence °C
At, Threshold of difference between t, and ¢, for iterative convergence °C

& Emissivity of the surface element j -
&k Emissivity of the manikin -
£y Emissivity of the wall of the standard chamber -

© IS0 2021 - All rights reserved 3
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Table 1 (continued)

Symbol

Term

Unit

Sm

Conversion factor between the actual wall surface temperature and mean radiant

temperatures

5 Assessment of thermal environments in vehicles

The method of assessment by equivalent temperature is defined in ISO 14505-2. The assessment
procedures in ISO 14505-2 are applicable to numerical evaluations, for which “numerical manikin” is

Thermal tést

defined in|this document. Figure 1 shows the role of this document and its relations with the,other
parts of the ISO 14505 series as well as different International Standards.
Befofe prototype After prototype
Pefformance Performance General
c3lculation test evaluation

fort
cabin
ship

actors, crane
, automobiles,
k5, planes, etc.

for tractors, crane
cabins, automobiles,
ships, planes, etc.

E

IS

temperature

uivalent

D 14505-4

Equivalent
temperature
1SO 14505-2

ISO/TS 14505-1

Comfort

T

(Stress or discomfort)

1SO 7933
or
1SO 7243

1SO 11079

ISO 7730

Subjective

assessment
ISO 14505-3

Figure 1 — Role of niumerical evaluation among different International Standards

6 Prindiples of-assessment utilizing a numerical manikin

This docur
method co

using ther

hent presents two methods for calculating the equivalent temperature. One is a calcula
ipled with a numerical manikin, as described in Clause 7. The other is a calculation met]

nal F::r‘fnrc’ as described in Clause 8 Fither method can be used tg evaluate the thed

fion
hod

al

environment in vehicles.

The former calculation method coupled with a numerical manikin is intended for use with a simulation
tool, such as computational fluid dynamics (CFD). A numerical manikin imitates a physical manikin
to calculate the equivalent temperature. The method of calculation using thermal factors estimates
the equivalent temperature by assuming the existence of the imaginary numerical manikin. In this
method, the equivalent temperature is calculated using the thermal factors, air temperature, radiant

temperature, air velocity and solar radiation. Figure 2 shows a schematic of the two methods.
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Scope of ISO 14505-2
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Figure 2 — Two methods for calculating equivalent temperature

Calculation method coupled with numerical manikin

General

5 clause describes the framework of the €alculation. To evaluate the indoor environment
nerically, the following issues should\be considered and taken account (see Figure 3):

heat flow through the shell structure of the vehicle;

flow and thermal field in the\cabin;

radiant field (including'sélar radiation) in the cabin;

conductive heat exchange;

heat balance-0f the thermal manikin model (numerical manikin).

5 document'is intended to be applied to the region around the manikin, relating to item
heat floew through the structure of the vehicle body is defined as suitable. This docum
spensable ideas concerning the above items, which will enable successful and useful calg
bé_situations. However, this document does not define any specific methods for utilizati

pf a vehicle

5 b) and e).
bnt defines
ulations in
bn because

all 1

nethods present both advantages and disadvantages I0or particular problems.

Once the environmental state concerning thermal comfort in the cabin is calculated, evaluation
becomes possible. Items a) to d) give the principal local parameters of air velocity, temperature and
radiation, though some simultaneous calculation coupling with the heat balance calculation is required.
This calculation will produce a heat transfer value close to that measured using the physical manikin.
Therefore, the evaluation method described in ISO 14505-2 is applicable.
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outside
shell st

N —_
— N %
~ N
a b
of vehicle 5 convection
fucture 6 radiation
of vehicle 7  conduction

1

2

3  interiof
4  therma
a

manikin

Other standards (TC22 related).
b This document.

NOTE Eval

7.2 Flow

7.2.1 Co

The flow a
CFD. The i
the air vel

ation of the area in contact with the seat is outside.the scope of this document.

Figure 3 — Framework of heat transfer system

 and thermal field around manikin

nvective heat

hd thermal field in the)cabin are estimated via calculations. One practical option for th
hformative concretécontents of this method are represented in Annex A. The outputs
city vector and air temperature in a cabin. The heat flux on the wall and surface are

obtained through this ealculation.

The primai
in practice

a) Calcul

y problem)in CFD calculations is the treatment of boundary conditions. This can be overc
by selecting any of the following:

hte-the heat transfer on the surface of the manikin using CFD directly.

s is
are
hlso

hbme

b) As a preliminary, calculate the heat transfer coefficient on the surface of the manikin using CFD.
Then calculate the flow and thermal field coupling using the heat balance calculation of the manikin.

c) Utilize the heat transfer coefficient obtained by measurement. Then calculate the flow and thermal
field coupling with the heat balance calculation of the manikin, as described in b).

d) Estimate the heat transfer coefficient using a predictive formula based on the air velocity or
temperature. Then calculate the flow and thermal field coupling using the heat balance calculation
for the manikin, as described in b).
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2 Radiant heat

The radiant field is calculated based on the geometric condition in a cabin separated from the flow field
calculation. Regarding long-wave radiation, as a preliminary, the view factor relating to all potential
combinations between different surface elements of the wall and the manikin or human body should
be calculated. Once those factors have been obtained, the radiant heat exchange is calculated when the
temperature of a pair of surface elements is given. As stated previously, the radiant heat is involved in
the boundary conditions of the heat transfer equation, so that the temperature is calculated iteratively
until convergence. For convenience, those factors are converted to the mean radiant heat transfer
coefficient.

Sh

reg
a)
b)
‘)

The
cas
of s

7.2

t-wave radiation (solar radiation) can be treated as energy flux striking the surface. Here, the
trapsmission loss through the window glass should be taken into consideration. Solar radia

hirded as divided into the following components:
direct solar radiation;
sky solar radiation;

reflection on the ground.

fion can be

solar radiant heat is also involved in the boundary conditions 6f the heat transfer equafion. In the

P of a climate wind tunnel test performed without use of a selarlamp, it is supposed that

blar radiation are neglected. Concrete informative treatments are represented in Annex [.

3 Conductive heat

the effects

Evalluation of the contacted segment is outside the scope of this document. The conductive hgat transfer

bet

7.3

7.3

veen the manikin and seat is disregarded in the calculations.
Calculation of heat exchange on manikin

1 Structure and control of numerical manikin

Figlire 4 shows the theoretical strueture of the numerical manikin with regard to a human-ghaped one.

The
the

Thd

is p
seg

centre of each segment ig-assumed to consist of an adiabatic core. A heat generator is e
surface of the manikin.

uipped on

shape of the manikKin-is defined by calculation grids for CFD, as shown in Figure 5 a). THe partition

erformed to imitate an actual manikin, as in Figure 5 b). Boundary conditions are giv
ment.

bn for each
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Key
1 adiabatjic core
2 heat geperator on surface

Figure 4 — Theoretical structure of numerical manikin

al) Full-body model of manikin b) Partition of surfaie gri(‘is (16-segment case
shew}
Key
1 head 6 forearm
2 chest 7 hand
3 back 8 thigh
4  pelvis 9 leg
5 upperarm 10 foot

Figure 5 — Surface grids for numerical calculation
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The control model is intended to imitate a physical manikin and includes the following three operating
modes:

a)

Controlled surface temperature (constant temperature mode): generally, the surface temperature

of all segments is maintained at 34 °C (see ISO 14505-2).

b) Controlled heat generation (constant heat flux mode): this method uses a metabolic rate to
represent the heat flux for all segments. An example of the metabolic rate during vehicle driving
is shown in ISO/TS 14505-1 and ISO 8996. Note that this method is less commonly used than the
other two.

c) [Described by comlort equation (COMmMIOTt equation mode): generally, the parameter vajues for all
segments in this mode are t,,. = 36,4 °C and R, = 0,054 m2°C/WI3l,

7.3]2 Calculation of heat exchange

The primary problem for the heat transfer calculation is determining the appropriate treatment of

the|boundary condition on the surface of the manikin. Once this has beenldesignated, the¢ following

tregtments can be used:

a) |Flow field, radiant field and heat transfer on the surface of the manikin are solved simufltaneously.
The temperature distribution is calculated directly by solving for entrainment of u:Leat in the
boundary layer; however, the convective heat transfer cogfficient is not explicitly calculated. In
this case, the grid size near the surface should be small'enough to resolve the heat trpnsfer (the
boundary layer). Otherwise, a well-tuned wall functien*developed to calculate the heat transfer
near the solid boundary should be adopted.

b) |The convective and mean radiant heat transfet\coefficients are treated as known valfies. In this
case, the grid structure near the surface can beidetermined only to calculate the flow field, resulting
in coarser grids compared to the prior treatment (a).

Regardless of the calculation method used,flow field calculations should account for buoyalncy effects

wh¢n the air velocity is small (i.e. lessthan 0,1 m/s). As such, the air motion should be calfulated via

coupling with the heat transfer equation.

7.4{ Calculation of h_,

Three methods of calculating and defining the value of h_,, are considered:

a) |Apply the CFD calculation to standard conditions to obtain the “calibrated” characterigtics of h;.
Informative congerete treatments for this are presented in Annex E.

b) [Adopt measured data gleaned using a physical manikin corresponding to the “numerical manikin”.
Practical measurement methods for this item are detailed in ISO 14505-2.

c) |Estimate it using Formula (10) in 8.3.

7.5 Calculation outputs

The input and output data to or from the numerical manikin is shown in Table 2. The informative
concrete treatments used to calculate the equivalent temperature are presented in Annex B.

Table 2 — Input and output to or from the numerical manikin

Control principle Inputs Outputs
Constant temperature mode (T ;; = Tyset) Toksev lein Q,
Constant heat flux mode (Q, = Q) Qsev lein Tikn
Comfort control mode (Q, = (T,.~ T ,)/R;) T Rep Lin Tk @n

© IS0 2021 - All rights reserved
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The equivalent temperature in each body segment is calculated using Formula (1), as defined in

ISO 14505-2.
Q
teqn =lsk,n — h - €y
cal,n
The whole-body equivalent temperature is calculated using Formulae (2) to (4), as defined in
[SO 14505-2.
Qwhol
teq,whole =Lk whole _# (2)
"cal,whole
ztnen(whole)(tSk'n .An)
tsk,whale = 1 (3)
Znen(whole) n
2‘411en(whole)(Qn An)
Qwhole = A (4“)
Znen(whole) n

The calculs
same (see
mode (at 3
calculated

ted values differ depending on the control mode even if the envirenmental conditions are
[lause D.2). As described in ISO 14505-2, it is recommended thateither constant temperat
4 °C) or comfort equation mode (with ¢ = 36,4 °C and R_)= 0,054 m2°C/W) be used.
t.q should be presented together with the control mode and its parameter(s).

8 Calculation method using thermal factors

8.1 Gen

Itis also pd

bral

the existefce of an imaginary numerical matikin. In this method, the equivalent temperatur

calculated
radiation.
one-way c3

This meth
manikin sg
numerical

factors.

The formu

8.2 Flow

from the thermal factors, air temperature, radiant temperature, air velocity and s
t should be noted that the effect’of environmental heating by manikin is neglected in
Iculation.

gments or the whole body. In this document the above method is intended for use wi
calculation tool;_however, it can also be applied to calculations using measured ther

ae discussediin this clause are described in more detail in Annex F.

 and thermal field around manikin

the
ure
The

ssible to calculate the equivalent temperature without the coupling calculation by assunfing

P is
blar
this

bd can be applied to the calculation of the equivalent temperature on either individual

'h a
mal

8.21 Co

Tvective treat

The convective heat loss, C, from the surfaces of clothing and unclothed skin is defined by Formula (5):

C=fq-
8.2.2 Ra
The radian

hc '(tcl —t, )
diant heat
t heatloss, R, from the surfaces of clothing and unclothed skin is defined by Formula (6):

R:fcl { hr '(tcl_tr)_a's}

10

(5)

(6)

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=4c515d43fa62edb38851f85fad8043b8

ISO 14505-4:2021(E)

8.2.3 Conductive heat

As described in 7.2.3, the conductive heat transfer between the manikin and seat is neglected.

8.3 Calculation of heat exchange

The total heat loss, Q, from the surfaces of clothing and unclothed skin is expressed using either
Formula (7) or Formula (8):

tg. — ¢

Q — ( Sk' cl ) (7)
Tl
Q=C+R (8)
The total heat loss, Q, is defined by Formula (9), which is derived from Formulae{5), (6), (7) pnd (8):
- h.-ty+h.-t.+o-S
S
h.+h

Q= c - r 9

[g+————
fa '(hc +hy )

8.4| Calculation of h

Coefficient h_, represents the total heat transfer coefficient through clothing, i.e. the amoyint of total

heat loss per °C of difference between the skin and the’environment, in the standard erjvironment
desfribed in ISO 14505-2. This coefficient can be expréssed as Formula (10):

1
hea = - (10)

lg+————
fcl '(hcs +hrs )
8.5 Calculation outputs

8.5]1 General

Thd equivalent temperature; ¢

teq =tsk —hi (11)

cal

¢ 1s defined by Formula (11), as shown in ISO 14505-2:

The practical methods for calculating t,, under each manikin control mode are shown in 8.5/2 to 8.5.4.

The calculated values differ depending on the control mode, even if environmental conditipns are the
sanje (seeD.2). As described in ISO 14505-2, it is recommended that either constant tempergture mode
(at 34-°C) or comfort equation mode (with t.. = 36,4 °C and R, = 0,054 m?°C/W) be used. The calculated

t hauld banracantad taagnthar vath tha contrnl s dn and nconmiatnd oyt
eq THOHEHBE presenteategeterwitnte-controroaeahRaasSseciateaparainete Sy -

8.5.2 Constant temperature mode

When the value of ¢ in the constant temperature mode is defined as ¢, the equivalent temperature,
teq is calculated using Formula (12), which is obtained by inserting Formulae (9) and (10) into
Formula (11):

; h.-ty+h.t.+o-S
skset
h.+h 1
t =t kset — < r . Il+ (12)
“ e Icl"'; ¢ fcl'(hcs+hrs)
fcl'(hc+hr)
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8.5.3 Constant heat flux mode

When Q in the constant heat flux mode is set to be Q. ty is calculated using Formula (13), which is
obtained from Formula (9):

1 j+hc-ta+hr-tr+a~5 13)

tg = AT+
sk Qset [ cl fcl (hc+hr) hc+hr

The equivalent temperature, t,q, is calculated using Formula (14), which is obtained by inserting
Formulae (10) and (13) into Formula (11):

_Qset_[ 1 1 ]+hc.ta+hr~tr+(x.5

t

= — (14
o JFcl hc + hr hcs + hrs hc +hr i )

8.5.4 Comfort equation mode

When the fontrol equation in the comfort control mode is expressed by Formulal{t5), Q and ¢ |are
calculated using Formulae (16) and (17), respectively, which are obtained from Eormulae (9) and (1|5).

t..I-t
Q=-o| “sk 15)
RCI‘
; h.-ty+h.-t.+a-S
. h. +h, ,
Q= 1 16)
RCI‘+ICl+ﬁ
fcl'( o+ r)
he-ty+h.t.+o-S
cr
h.+h
tsk =tcr _Rcr : < ;_ 17)
R +14+

fcl '(hc +hr)
The equivplent temperature, ¢, is calculated using Formula (18), which is obtained by inserfi
Formulae ([10), (16) and (17) into Formutla (11):

—

ng

he -ty +h -t +& S

t —

Cr h. +h, 1

teq =tdr — 'Rcr+1cl+w
cl "\es rs

18
: 18)

fcl '(hc+hr)
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Annex A
(informative)

Calculation via computational fluid dynamics (CFD) technique

General method
H-etno6

A1

To 4
the

Wh
acc
tha

For

A1

Dep
use
prid

The
a)

b)

To 3
inle

A1

FCITEITT

.1 Guidance for CFD calculations

nsure the success of CFD calculations, an appropriate method should be selected while ¢
purpose and required accuracy. In general, the following factors should be considered:

geometric model (e.g. shape, mesh size);
physical model (e.g. calculation model, boundary conditions);
calculation errors (e.g. round-off error, truncation error).

bn calculations are performed, it is essential that a eomputer with sufficient perfo
bmmodate the number of meshes and the calculation model be used. If possible, it is rec
the calculation accuracy be experimentally verified.before engaging in detailed calculat

the treatment of radiant heat transfer, refer to Anhex C.

.2 Geometry model

ending on the development phase, a variety of models can be used from simplified geome
ful for approximate evaluation in.theearly development phase to detailed geometric 1
r to prototyping. The calculatiomrmodel should be selected based on the intended purpo

re are two ways to simulate air flow from an outlet:

Set an air flow rate at the Toot of the air duct or in the HVAC system to simulate the air
duct and that from the outlet.

Set an air velocity;and direction on a surface of an outlet.

ccurately sifaulate air flow in the vehicle cabin, it is important to specify the positions of
ts for cizeulation, together with the corresponding air flow rates.

.3 «Calculation of flow field

The

onsidering

rmance to
bmmended
ions.

Fric models
hodels just
e,

flow in the

drafters or

£1 dra ba caoluad Lo daonthao Dazznalde o aroaand N

ier-Stokes

equ
a)
b)
‘)
d)
e)
)

Sxarfa Ao do + alia 1o caiaa a < 2
TTOVV TTCTU T STUC IO CaoTIT 15 SU PP USTU tO oUT SOV LU Ua ST UTT Tt O y ot S aveTagotiva

ations (RANS).[4] Commonly, the following typical specifications are applied[=l:
fluid: incompressible fluid (air);

solving method: finite volume method (FVM);

solution of velocity and pressure: SIMPLE type method;

discretization scheme: high order up-wind scheme for convection term;
turbulence model: two-equation model (e.g. k-w SST, k-€ model);

treatment of the boundary layer: standard wall function;

© IS0 2021 - All rights reserved
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g) grid system: unstructured grid system.

The above menu is not an exclusive one required for successful calculation. It is possible to adopt the
finite element method (FEM) instead of using FVM. It is further possible to solve the velocity-pressure
field using the coupled method. Higher accuracy can be achieved through exact calculations of the
boundary layer, using a method such as the low Reynolds number model. With regards to the grid
system, a structured grid system can also be applied.

It should be noted that the accuracy of a calculation depends on the resolution of the grids. While
decreasing the grid size generally improves accuracy, this increases the calculation cost. Therefore, it is
recommended that the grid size be selected while considering the balance between the calculation cost
and accuray.

A.1.4 Calculation of thermal field

The thernfal field in the cabin is calculated using the Reynolds averaged turbulent-heat trangfer
equation cpupled with the RANS equations. To simulate the effects of buoyancy, a gravitation term is
added to thhe RANS equations. The turbulent heat flux is estimated using the turbulent Prandtl nunjber
based on the similarity in heat transfer. Generally, the following typical specifications will be applidd:

a) solutign: common to the flow field solution;
b) treatn]ent of the buoyancy effects: Boussinesq approximation;
c) treatn]ent of the boundary layer: standard wall function for thetmal boundary layer.

The effectd of radiation are included in the boundary conditionxThe temperature on the surface of|the
manikin is| determined by the heat balance equation, whieh€onsists of the terms of heat convectfion,
radiation and heat conduction. Annex C describes the treatment of the radiation in greater detail. Jnce
the surfac¢ temperature has been calculated, it is used as a boundary condition in calculating|the
thermal fidld. Therefore, calculation of the thermal field should be coupled with the flow field and heat
balance calculations if the surface temperature isiot given as a boundary condition.

A.2 TreItment of the boundary condition

Adoption ¢f the wall function, based on Prandtl's log-law, is a convenient and basic technique| for
boundary layer calculations. The non<dimensional parameter y+ should be suppressed to less thaf an
order of sqveral hundred. Whemy+ becomes less than 10, a higher precision model is recommended
because the wall function is no-longer applicable to the region. This is commonly seen in environmgnts
such as that in close proximity to the surface, called the viscous sub layer. The wall function off|the
thermal bdundary layer-is.consistent with that of the velocity boundary layer.

The perforfmance of cgnvective heat transfer on the surface is dominated by the precision of calculgted
turbulence| strength”very close to the surface. Thus, a higher precision model is required for|the
calculation of<heat transfer relative to the wall function when accurate calculation is desired. Two
typical mofi€éls for this process are:

— low Reynolds number model;
— two-layer model.

It should be noted that the accuracy of these calculations depends on the resolution of the grids very
close to the surface, even if the above models are adopted. Furthermore, sufficient computer resources
are required for intensive calculations.

There is another way that the coefficient of convective heat transfer is given as the boundary condition.
The advantage of this method is that it is possible to obtain the practical and realistic heat transfer
performance as long as the flow condition is not changed significantly from when the value of this
coefficient was determined. Additionally, the calculation of the flow and thermal fields can be separated
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completely, although the results from the flow field calculation are required for calculating the thermal
field.

A.3 Calculated results

Typical outputs of the CFD calculations are the pressure, velocity and temperature fields. It is also
possible to obtain the temperature distribution, heat loss or both on the surface of the manikin, which
is then used to calculate the equivalent temperature, t,,. The typical form of this output is shown in
Annex B.
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Annex B
(informative)

Typical inputs and outputs of calculation with numerical manikin

uts ef the nalrnlafinn

B.1 Typije

B.1.1 Ge

As mentior
both clothg
are descril

The treatnpent of clothing conditions in these calculations are classified in two typical ways: an e

method an
configurat

and the skii

calculation
when the S
1., and are
to be the s
are availab

calculd

calculd

calculg

The approx
to or from
control mo

Clothe

follow
Unclot]

While the

neral

ed in ISO 14505-2, the evaluation method utilizing equivalent temperature, ¢,.,'1s applie
d and unclothed surfaces. The inputs and outputs of such dually applicable calculatlons[
ed in this annex.

d an approximate method. When an exact method is used, digital data from the sur
on of the clothed manikin and detailed calculations for the gaps between these clof
in surface of the manikin are required. This method requites’complex, often impract
s. Conversely, the approximate method described in this@nnex is convenient and pract
kin surface temperature, t, or heat loss, @, can be calctdated using the thermal insulat

irface of the clothing if a given segment is covered,with clothing. The following three c:
le for such calculations:

te a nude condition with the surface shape of,a nude manikin;
te a clothed condition with the surface shape of a nude manikin;

te a clothed condition with the surface shape of a clothed manikin.

the numerical manikin asswell as the post process used to calculate t,, in each man

de. The concrete calculation procedures are shown in Figure B.1

d segments can be calculated using I , and £ . The value of f; , can be estimated using
ng formula: f; , =00 + 1,97 |

cln*
hed segments)can be calculated using the following parameters: I, = 0, f; , = 1,00.

heat loss_and skin temperature of the numerical manikin are essentially matched to

physical m

hnikinafter the post processing is performed, the following issues should be noted when

d to
b1[7]

xact

face
hes
cal,
ical
ion,

h factor, f, of the clothing. In this method, the surface of the numerical manikin is assuged

LSes

imate method can be used for-all of the above cases. Table B.1 shows the inputs and outputs

kin

the

the
the

teq Of a clothedisegment is calculated using the surface shape of a nude manikin:
is neglected since clothlng is modelled only with [ ) andfCl

b) Effects of the manikin on the thermal environment: the air flow and other thermal factors
surrounding the numerical manikin can be different from the actual environment since the shape
of the numerical manikin is different from an actual clothed manikin.

c) Effects of the environment on the manikin: the air flow or radiation received by the numerical
manikin can be different from those experienced by an actual clothed manikin, since the shape of
the numerical manikin is different from an actual clothed manikin.

d) Total heat generated by the manikin: the heat generated by the numerical manikin is reduced to 1/
fo1n» @and thus the heating effects of the manikin on the environment are underestimated.
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However, when a manikin in a nude condition or unclothed manikin segment is calculated, the above
issues are not observed. When a clothed segment is calculated with surface shape of a clothed manikin,
issues b), c) and d) can be avoided.

Table B.1 — Inputs and outputs of the calculation

Constant Constant Comfort
temperature heat flux equation
mode mode mode
tsk,n = Lskset Qn = Qset Qn = (tcr' tsk,n)/Rcr
Thermal insulation Input: No need, even if thput:
under the manikin m2°C /W clothed
Input and surface Jein Tein (0) San (lan* Red
output for Temperature under o Input: Output: Ipput:
hedt exchange : . C
. the thermal insulation ¢ t t
cal¢ulations skset cLh cr
Heat flux on the surface W/m? Output: Input: Optput:
of the manikin C+R, Que/ forn 4+R,
Calculation from Using i .| Calculption from
data: sing input data: outihut data:
p Heat loss (Q,) W/m?2 output data: ! :
ogt process 0
to dalculate Jan (Cot RY set Jan'|[(Cot Ry
fingl output, Using input data: Calculation from | Calculption from
Qnfndfoen  |skin temperature (tar) oc ' output data: outgut data:
’ t
skset tcl,n+ Qset' Icl,n Loy Qn' Rcr
B.1{2 Constant temperature mode
Manikin control: Constant temperature: ty, , = tgqe, (for example, tg o, = 34 °C)
Inppit to manikin: Set the thermal insulation, without thickness, under the manikjn surface:
fcl,n . Icl,n
Fix the‘temperature under the thermal insulation (surface temperature
o airunclothed segment): ¢ ..
Output from manikin: C€alculate the heat loss from the surface of the manikin: C, +R
Posf process: Calculate the heal loss from the skin surface: Q,, = f; , (C;, +R))
Calculate the equivalent temperature from tg , = tgsof and Qp:
teq,n = tsk,n - Qn /hcal,n
© IS0 2021 - All rights reserved 17
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Input the data shown in Table B.1 Geometric data:

-vehicle interior
-manikin surface

\

Air-conditioner data:
< -air velocity

-air direction

-air temperature

CFD calculation of
flow field and thermal field

\

Py 3 DI
boullddly COIIUItioIl.

Output the data shown in Table B.1 -wall temperature
-solar condition

v Properties:
- -emissivity
Post process: calculation of -transmissivity
tsk,n’ Cn
Y
bt _ Manikindata
eqn’ “eq,whole -hg) distribution

Figure B.1 — Typical calculation procedures

B.1.3 Copstant heat flux mode

Manikin cdntrol: Constant heat flux: Q,, = @, (for example Q ., = 60 W/m?)
Input to mgnikin: Set the constant h€atflux on the surface of the manikin: Q. /f ,

Output frojn manikin: ~ Calculate thesurface temperature of the manikin: ¢ |

Post process: Calculate(the skin temperature: tg, \ = tq , + Qger. Lo n

Calculate the equivalent temperature from ¢ty , and Q, = (.

teq,n = tsk,n - Qn / hcal,n

B.1.4 Comfort equation mode

Manikin cqntrol Comfort equation: Q, = (t.. - tg nJ/R., (for example t . = 36,4|°C,
R..=0,054 m2°C/W)

Input to manikin: Set the thermal insulation, without thickness, under the surface of
the manikin: f; ,, (I 4+ R,)

Fix the temperature under the thermal insulation (surface temperature
on unclothed segment): ¢,

Output from manikin:  Calculate the heat loss from the surface of the manikin: C, +R
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Post process: Calculate the heal loss from the skin surface: Q,, = f; , (G, +R))

Calculate the skin temperature: tg , =t .+ Q. R,

Calculate the equivalent temperature from ¢ty , and Q:
teq,n = tsk,n - Qn / hcal,n

B.2 Example of output form

Figure B.2 shows the geometric data of a manikin and the interior surface of a cabin. Figure B.3 shows
the[stream line of the air conditioning flow in this cabin. Figures B.4 and B.5 present.the velocity

distribution and air temperature distribution close to the body surfaces. Figure-B.6 [shows the
disfribution of ¢, over the manikin, which is calculated from the surface temperatur€)distribution and
thefheat generation of the manikin. Figure B.7 is the t,, distribution for individual body segments. Some
mote calculation examples can be found in References [7],[8] and[9].
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Figure B.3 — Stream line of air conditioning flow in the cabin
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Velocity

(m/s)

2600
2400
2.2C0

2000

1,800

-1.600

1.400

1.200

1.000

-
)
- P
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Figure B.4 — Velocity distribution close to body snzl\r@es
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QQQ (c)
N I:g
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4200
4000
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13600
13400
3200
-3000
2800
-26.00
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12200
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200
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Fig ?E’:.S Air temperature distribution close to the body surface
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Figure B.6 — t., distribution close to body:surfaces
a ]
b < ]
C (AN 2 ]
d -\ ]
e =\ ]
f A\ ]
g ) ]
Y h 2.3 ]
i ) ]
] /= ]
k- =2 ]
1 ]
m ]
n ]
0 ]
O ————————— — — ——
24 25 26 27 28 29 30 31 32 33 34 35 36
X
Key
X equivalent temperature t,, (°C)
Y body segment
a head b  chest c pelvis d leftupper arm
e rightupperarm f  leftforearm g  right forearm h  lefthand
i  righthand j left thigh k  right thigh 1 left leg
m rightleg n left foot o rightfoot p  whole body

Figure B.7 — t,, distribution for body segments (results)
g eq g
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Annex C
(informative)

Treatment of radiant heat transfer

C.1 Wallradiation

C.1.1 Aspumption

Wall radiation is generally calculated using the following assumptions:
— the radiant wall is grey and perfect diffusing;

— radianf heat is derived using the Stefan-Boltzmann law;

— radianf heat has no influence on the air in vehicles.

Typical emfissivity on walls is represented in Table C.1.

C.1.2 Radiant heat exchange on walls

When calcpilating the radiant heat exchange, the geometry of/the vehicle surface is divided into min

ute

elements ih which the physical temperature and properties can be considered to be uniform. [The

radiant hept exchange between these elements is primatrily calculated using the radiant equilibr
equation bpsed on the view factor or emitted ray tracidg.[el[Z1[2] The view factor can be calculated u
the Monte-Carlo method,1%] the Hemi-cube methodI* or the numerical integration method[12l,

The radianit heat exchange calculation using view factor is commonly used in CFD.[eI[Z][2] The radia
exchange ip enclosed grey-diffuse surfaces-is\calculated based on the view factors among the surfj
of interior [parts and manikin.[13] The assumption of this method is that the air in the enclosed sy
does not al('ﬁsorb, emit or scatter radiation. When the heat exchange is calculated, it is essential that
radiant angl convective calculations.are performed simultaneously.

C.1.3 Additional informatioen
— Spectrpl reflection omelements is available for the calculation of wall radiation.

— It is preferable_to~¢heck the accuracy of both the reciprocity and summation theorems in
calcul3ted viewrfactors.

um

bing

fion

ces
ace
the

the

— Inavehicle evaluation, calculating the wall radiation is usually more important in winter conditjons
than in ‘simmer conditions. This is because the temperature differences between the numeifical

manikin and the walls are larger under winter conditionsle/lZ],

Table C.1 — Example of typical emissivity

Material Steel (coated) | Fabric (white) Plastic Skin Glass

Emissivity (N.D.) 0,85 to 0,95 0,93 0,85 0,95t0 0,99 0,90 to 0,95
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C.2 Solar radiation

C.2.1 Assumption

Solar radiation is generally calculated using the following assumptions:

solar radiation contains wavelengths ranging from 300 nm to 2 100 nm;

the averaged solar constant is assumed to be between 1 350 and 1 370 W/m?;

— transmissivity of the atmosphere is defined by the local weather condition (generally lower than

C.2|2 Solar radiation on walls

In

windows of the vehicle.[14] The solar radiation reaching the calculated elements is dividg
follpwing component classifications:

The following component is additionally considered:

The
reathing the elements by the absorptivity of the’walls. The typical absorptivity and transn
wallls are listed in Table C.2.

C.2|3 Additional information

0,75).

direct solar radiation;
sky solar radiation;

reflection from the ground or surrounding obstacles.

multiple reflections on elements in the cabin.

Thermal properties (absorptivity, transmissivity, and reflectivity) generally differ ag
the heat source, such as sun‘or solar lamp. Most notably, the thermal properties of glas
different between thesg-two sources (see Table C.2).

Table C.2 — Example of typical absorptivity and transmissivity

Solar radiation calculations can be separated from those of radiant heat transfer and CFP.

dalculating the solar radiation, it is assumed that the solar input enters into¢the cabin through the
bd into the

solar radiation absorbed by these elements.is calculated by multiplying the total solajr radiation

issivity on

cording to
s are quite

Material Steel (coated) Fabric (white) Plastic Skin
Absorptitity (N.D.) 0,30 to 0,80 0,37 to 0,47 0,90 a,70
TranSmissivity (N.D.) 0,00 0,00 0,00 4,00

Green glass for IR | IR-cut glass for IR
. Green glass IR-cut glass
Material (2 + 2mm) (2 + 2mm) lamp lamp
(2 + 2mm) (2 + 2mm)
Absorptivity (N.D.) 0,42 0,54 0,53 0,82
Transmissivity (N.D.) 0,53 0,40 0,42 0,12

© IS0 2021 - All rights reserved
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Annex D
(informative)

Typical inputs and outputs of calculations using thermal factors

icalinnuts and uts ofthe calculation
nea S0t e-ca1+euiaHon

D.1 Typ

An exampl

Calculatior

Manikin cg

Other parameters:

The equiva

D.2 Con

Figures D.]1

AT arrey-a-a--an- vy, o

e of a calculation using thermal factors:

condition:  t,=25,0°C,t.=30,0°C,v,=0,5m/s,S=50 W/m?, I, = 0,155 m2°C/W

ntrol mode: Constant temperature mode, ty ... = 34,0 °C

f4=1,00+197-1,
h.=3,1(v,<0,2),15 h,=8,3-v,06 (0,2 <v, < 4,0), 514 = 4,7 [13],

hee=31,h =47 a=0,.
lent temperature, ¢, is calculated using Formula (12):as follows.
34’0_5,5-25,0+54-é7-.'jr0’;0+0,7~50 )
1,0 - =t | 0,155% J:30,4°c
0.155+ 1,31-(3,1+4,7)

1,31-(5,5+4,7)
iparison of calculation results among control modes

| to D.3 show examples of calculation results with the three following control modes:

const

const

comfo

The calcul
should be

and paramgters.

When h_ =
(Figure D.1

:[:t temperature mode (£ .5=34 °C);

t heat flux mode (Q,,, =.60 W/m?2);

set
't equation mode (5= 36,4 °C, R.. = 0,054 m2°C/W).

htion results,Of £,, depend on the control mode theoretically. Therefore, the calculated
bresented together with the specifications of the manikin used, including its control m

h g implying that v, is very low, no difference will be made by altering the control mg
)CFhe differences are larger when v, is larger (compare Figure D.1 with Figure D.2). Howg

eq
ode

des
ver,

the differe

24

TES are reducet WiteTr 1 1S targer (compare Figure -2 witlr Figure D-37:
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constant heat flux mode
comfort equation mode

Figure D.1 — Calculation results of tg; with three control modes,
calculation conditions: t, = t, v, = 0m/s, S = 0 W/m2, I; = 0 m2°C/W
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Figure D.2 — Calculation results of t,, with three control modes,
calculation conditions: t, = t, v, = 0,5m/s, S = 0 W/m2, I; = 0 m2°C/W
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Figure D.3 — Calculation results of t,, with.three control modes,
calculation conditions: t, = t, v, = 0,5 m/s, S =@ W/m?, I ; = 0,155 m2°C/W
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Annex E
(informative)

Calculation method of h_,

E.1

E.1

Var

the
Thd
her
via

E.1

One

of t
pos

approximately and where it is treated as strictly theoretical. Another issue is creating corre

bet
seld
fluy

E.2

Using the calculation method, invorder to remain consistent with the provision in ISO 1450

cald

a)

b)

Bacicconcentofh calculation
B Pt 1 EHEHHAHOR

IO TCCUITTITCT A~ £ 3

1 Aims and selection of method to obtain h_,

ous methods are considered for obtaining the value of h, for the t., calculation. As d

first two can be obtained experimentally, the procedures for which da)not need to bg
b. The aim of this annex is limited to defining the method and procedure for obtaining th¢

CFD calculation.

2 Flexibility of the calculation method

issue encountered when calculating h_, is calculating the radiation, including the reflec

he surface of the manikin and the wall of the standard chamber. Using the calculation n
Kible to arbitrarily select between two cases: where the influence of reflection

veen the calculation method and the manikin¢ontrol algorithm. For this, it is possible to

mode and the comfort equation mode.

Preconditions and assumptions of the method

ulated based on the following preconditions and assumptions:

This method applies’only to naked body conditions. For the clothed condition, based on
calculated using.the naked body condition, the influence of the thermal resistang
expansion effect’of the surface area are corrected theoretically and evaluated. After t
h.; with a maked body (=h. + h,) has been computed, h, with clothing can be dete

Formula.(103.

Inflow temperature t of the air conditioning flow in the standard chamber and the

a,in
flow rate V.

bscribed in

main body of this document, potential options include experimental, typical or calculated values.

described
 hey value

Fion effects
ethod, it is
is treated
spondence
arbitrarily

ct between three types of control algorithfis: the constant temperature mode, the cofpstant heat

5 '2, hcal is

the results
e and the
he value of
rmined via

volumetric
 to be the

L in are assumed to be given parameters. Here, the flow rate is determine

©IS

averaged flow velocity of u, = 0,05 m/s passing through the cross-section of the standar

The inflow temperature should be set as t,;, = 24,0 °C and the maximum and

d chamber.
minimum

temperature conditions of the environment should be also evaluated. However, when the manikin

is operated using the comfort equation mode, only the ¢, ;, = 24,0 °C condition is requir

It is assumed that the wall temperature of the standard chamber ¢, is uniform.

ed.

The wall surface temperature t,, is determined such that the averaged air temperature in the

environmental chamber t, and the mean radiant temperature on the wall surface t. ar

The surface of the manikin and the wall of the standard chamber are assumed to be a bl

e equal.

ack or grey

body and their emissivities (&g and &, ) are given based on the assumption that their surfaces

are uniform.
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f)

g)

The CFD calculation imitates the geometry of the manikin and accounts for the interference of the
radiation effects between local parts of the manikin.

In the CFD calculation, the heat transfer characteristics are evaluated by combining radiation and
convection while considering the influence of buoyancy.

E.3 Calculation method

E.3.1 “Main routine” of the calculation

The “main routine” of the calculation consists of processes a) to m), as follows. The “manikin-
environment simulation” described in E.3.3 is implemented in the “main routine” as a sub-ptrodess.

Figure E.1.|shows a flow chart of the “main routine.”

a)

b)

d)

f)

g)

h)

j)

28

Set boyindaries and calculation conditions.
1) Giye values for ¢, i, tgx, ty, Ay, Quhole Va'in, gy and g, .

2) Ddpending on the selected calculation method, ty or Q. Will be treated as a provisignal
value or ignored.

Calculgte the absorption factor B; ; including choice of reflection effect treatment (see E.3.2).

Calculate conversion factor &, between the actual and mean radiant temperatures using|the
follow]ng formula:

my my+my, A .
gm:gk.z 2 (Bi,j-:’l]
b

i=1 j:mb +1

Apply [manikin-environment simulation” praogéss (see E.3.3).

Calculgte the averaged air temperature ¢,(n the standard chamber using the following formula:
My

ty =+ Z(ta,e,k Ve x )
k=1

Estimgte the mean radiant temperature T, from the wall temperature T, using the following
formula:
T4

N w

4
T, zér

Calculate iteratively until the difference between t, and ¢, is less than At,, implying|the
converlgehce'state has been reached. Here, the recommended At value is on the order of 0,01,

Update the wall temperature t,, (T, ) for t. (T.) tobe t, (T,) using the following formula:

4

T
To =3
m

After the convergence state is reached, t, (=t ) is redefined as the operative temperature ¢, .

Calculate the averaged heat flux Qe Over the entire manikin using the following formula:

i Ae,i
Quwhole :z Qe,i ) A
b

i=1
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k) Calculate the local heat flux Q,, over the segment n using the following formula:

Me n A .
e,
Q= (Qe,i~—A

i= n
1—ms'n

] forn=1~ng.,
1) Calculate overall value of hg,) ypole using the following formula:

_ Qwhole
hcal,whole - A
b '(tsk,whole —t, )

m) |Calculate the local value of h using the following formula:

Cn
n '(tsk,n —to

cal,n

h forn=1~ng,

cal,n — A g
E.3}2 Calculation of the absorption factor B;

E.312.1 General

When the radiation is calculated via CFD, the view factor Fi‘j is generally also calculated; af such, it is

assyimed here that the view factor has been obtained previously.during prior CFD processing

In process

b) df the “main routine” (Figure E.1.), it is possible to seleeDone of two methods for deterfnining the

absprption factor B;;: one considering only the absorptien effect and the other considerir

g both the

absprption and reflection effects. This absorption factor can be determined using the viewv factor in

both cases.

E.3]2.2 Considering the absorption effect but ignoring the reflection effect

Thif method produces an approximate solution for a convenient calculation. If the emissivity of the
manikin surface and the wall surface are'both 0,85, the error will theoretically remain beloy 2 % even

if the reflection effect is ignored. If'the area of the wall of the standard chamber is much

arger than

the[surface area of the manikin, the error is further reduced. Additionally, if the emissivity of either the
manikin or the wall surface isscloser to 1,0, the error becomes smaller. Therefore, when an ordinary
stapdard chamber and ordinary manikin are assumed, the results of this approximation are fonsidered

sufficiently reliable.

Sperifically, in the_défining formula (recurrence equation) for the absorption factor
approximation is made using the following formula (neglecting the reflection term):

B; ;=F, ¢y for iand j=1~my, +m,,

whére

Bi,]-, this

g =gy for j=1~my;

=g, forj=m,+1~my+m,.

© IS0 2021 - All rights reserved
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( Start of main routine }

1

a) Input of
boundary / calculation condition

{

b) Calculation of B,

) m,

ém = Esk *

i=1j=my+1

my+mw

!
A,
(%)

L

A

estimation of mean . . . . up-date 4

radiant temperature Manikin-environment simulation T Ao Ta
including CFD Calculati XY

f) Tr4 — s;m . Tw4 ) (including alculation ) h) fm

!

‘ calculation of averaged air temperature
my
_m 1 _
tr = Tr 273,15 ta — V_ . Z[ta‘e’k . Ve’k] Ta = ta + 273,15
e) 0 k=1
A
]) mg A k) Me,n A
Qwhole N Z (Qe,i ' Aeyl ) Qn - (Qe,i ' f)
i=1 b 1=Msn b
1) m)
i _ Qwhole h _ Qn
cal,whole — Ab . (tsk,whole _ to) calbn — Ab . (tsk,n _ to)

( End of calculation >

Figure E.1 — Flow chart of the “main outline”

E.3.2.3 Considering both absorption and reflection effects

This method produces an exact solution for a theoretical calculation. This method gives strictly correct

theoretical results under any conditions, including cases where the emissivity is small.

30
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Specifically, the absorption factor B;; is obtained by solving the following recurrence equation:

my,+my,

Bi,j :Fi,j ‘8]- + z {Fl,k (1—81()31{’]} foriandj=1~mb +mW
k=1

where

gore =gy for jork=1~my;

gorg =€, forjork=my+1~m,+m,.

HoV
CFI

E.3

E.3

Reg

typ
tem
the

E.3

Thi
sho

vever, this method requires enormous computational capacity when using surface(éler
. Therefore, this method is only practical for use when the number of surface elentents i

3 “Manikin-environment simulation” for meeting control algorithms
3.1 General
arding the “manikin-environment simulation” referred to in procéss d) of the “main rou

perature mode; ii) the constant heat flux mode; and iii) the comfort equation mode. A
selected algorithm, one of following methods should be adopted.

3.2 Constant temperature mode

5 method is adopted when the surface temperatufe of the manikin is uniformly controlle
ivn in Figure E.2, it is calculated using the follawing procedure:

tskei=tsk fori=1l~my

Calculate the convection and radiation fields simultaneously via CFD, where ty . ; is g
Dirichlet condition.

Obtain the calculatedresults of the heat generation distribution over the surface elemer

Return to the “n1ain routine.”

hents from
small.

Fine”, three

bs of methods are considered to correspond to the manikin ¢ontrol algorithms: i) the constant

cording to

1 at tg . As

Define the thermal boundary condition ofthe surface elements using the following formula:

iven as the

t Qe -
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E.3.3.3 (onstant heat flux mode

This meth

As shown in Figure E.3, it is calculated using the following procedure:
a) Definelthe thermal boundary condition on the surface elements using the following formula:

Qe,i =Quhole for i=1~my

b) Calcul

Neumdnn conditions

c) Obtain the calculated results of the temperature distribution over the surface element ¢

d) Return to the*‘main routine”.

32

Start of
manikin-environment simulation
< Constant temperature mode >

definition of boundary condition
tsk,e,i =t

(fori=1~my)

a)

b) CFD calculation

Convection and radiation
(ty is given as Dirichlet condition)

calculated results
Distribution of Q;

(fori=1~my)

([ Return to main routine ]]

Figure E.2 — Algorithm for the constant temperature mode

d is adopted when the heat generated by the manikin is uniformly controlled to be Q,,;

ite the convectipniand radiation fields simultaneously via CFD, where @, ; is given as

sk,e,i*

hole

the
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Start of
manikin-environment simulation
< Constant heat flux mode >

{

definition of boundary condition

Qe,i = Quhole

(fori=1~my)

CFD calculation
Convection and radiation
(Q., is given as Neumann condition)

calculated results

Distribution of t

a)

b)

sk.e,i

(fori=1~my)

Return to main routine

Figure E.3 — Algorithm for the constant heat flux mode

E.3]3.4 Comfort equation mode

Thiy method is adopted when the manikin-is controlled by the comfort equation. Generally, R.. =0,054
and t.. = 36,4 are used for this gontrol. In this case, the distribution of the temperatufe and the

genprated heat are determinedsuch that the comfort equation is satisfied independently] over each
locgl segment of the manikin,Asshown in Figure E.4, this is calculated by the following prodedure:

a) |As an initial condition, the provisional values of the generated heat Q, ; and @, are given as equal

for all surface elendeiits and local segments by the following formula, where t, isalso a provisional
value input in th€“main routine”:

36,4t
Qe =Qu=——3K fori=1~m,,n=1~ng,

’ 0,054 g

b) |Caleulate the convection and radiation fields simultaneously via CFD, where @, ; is gfven as the

Namann candition
TretH o e ohH-

¢) Obtain the calculated results for the temperature distribution over the surface element tg o -
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Start of
manikin-environment simulation
< Comfort equation mode >

{

o 36,4 -ty
Qei=Cn =" 054
a) (fori=1~my, n=1~ng,)
| ¥
comfprt equation b . up-date
, d ) CFD calculation P Qe;=Qn
Uil =36,4-0,054 - Qn Convection and radiation (fOF i= mn,s~nn,e)
e) (forn=1~ng,) (Q.; is given as Neumann condition) i) forn=1~ngg
| i
calculated results
C . . up-date
Distribution of ¢,
€, 0.+ A
(fori=1~my) Qn =Qn+AQn
c) pg " (forn=1~n,)
Y ]
me,n
tskn = Z (tskei ’ %) A tlsk,n - tsk,n
i=mg " Cn= 0,054
d) (forn=1~ng) g (forn=1~ng,)
i
Y
lt’sk,n = tSk,nl S Atce no

f)

(forn=1~ng,)

yes

my,
o ()
k,whole — k.e,i
sK,whole sK,e,1 Ab

i=1

([ Return to main routine ]]

Figure E.4 — Algorithm for the comfort equation mode

d) The averaged surface temperature ¢t of the local segment n is calculated using the following

sk,n
formula:
Mg n A .
e,i _
tsk,n = 2 [tsk,e,i : A J forn=1~ Ngeg
i=m n

s,n

e) Estimate the averaged surface temperature t’ of the local segment n based on the following

sk,n
comfort equation:
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t'gn =36,4-0,054-Q, for n=1~ng,

f) Calculate iteratively until the difference between 'y , and tg ,, is less than At,, implying the
convergence state has been reached. Here, the recommended value of At_, is on the order of 0,01.

g) Calculate the correction amount for the generated heat AQ,, for each local segment n using the
following formula:

’

t —t
AQ :M forn=1 ~n

i 0,054 e

h) |Update the generated heat Q, for each local segment n using the following formula:

Qn =0, +AQ, for n=1~ng.,

i) |Update the generated heat @, ; for each surface element i using the folowing formula:

Qei=0Qy fori=m,s~my, ,n=1~nseg

j) |After the convergence state is reached, tgy \hole 1S calculatéd using the following formula:

& Ae i
tsk,whole ZZ(tsk,e,i ) A' ]
b

i=1
k) |Return to the “main routine”.

Ampng commercial software packages, some GED solvers are equipped with an option labellgd “thermal
resjstance boundary condition.” This allows the imaginary core temperature T, ,; and the thermal

resistance R, at the surface elementil-to be specified as a boundary condition and supporjts iterative

cre,i
calqulations using the logic detailed above. If this option is installed, then by employing the|process as
shopn in Figure E.5 instead of Figure E.4 it is possible to utilize “thermal comfort equation njode.” Here,
atsfepa), Te o ; = 36,4 °Cand Ry ; = 0,054 m2K/W are given as Dirichlet conditions.
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