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A Numerical Calculation on the Distribution 
of Surface Temperature and Thermal Comfort Index 

caused by Radiation Interaction in a Heated Room 

by Masamitsu KA1zUKA* 1 and Shizue IwAMOTo*i 

Key Words : Nwnerica • .<\nalysis, Thermal Environment, Radiation Interaction, 
Thermal Comfort, PMV, MRT, Simulation, Floor Panel Heating, 
Forced Convective Heating 

Synopsis : As a part of studies to establish a numerical prediction 

~ethod of thermal environments, this paper presents a numerical 

calculation on the steady state distriburions of surface temperature 

and thermal comfort index caused by radiation interaction in a 

heated room with floor panel heating or forced convective _heating. 

Results of the calculation of the room air temperature, surface 

temperature, vector radiant temperature, mean radiant temperature, 

Predicted Mean Vote and heat balance illustrate well the charac­

teristics of radiation interaction with the heating systems. This 

calculation procedure can be combined with the calculation of air 

convection as shown previously by one oi the authors for the two­

dimensional case. 

Introduction 
Indoor thermal comfort is evaluated by physical 

conditions like air temperature, air humidity, air 

movement and mean radiant temperature, and by 

·human body conditions like clothing and activity. 

Combining these factors together, PMV (Predicted 

Mean Vote) was proposed by Fangerll as a thermal 

sensation index. In ordinary air conditioned roams, 

such physical conditions and PMV are not uniform 

causing discomfort ta the occupants and an inferior 

air conditioning efficiency. Far example, a cold 

draft, significant vertical temperature difference, 

•1 Department of Architecture, F:iculty of Engineer­
ing, Meiji University, Member 

•z Doctoral Course, Gc:iduate School of Engineering, 
·Meiji University, Student Member 

serious lateral radiant cooling or heating may be 

induced. In order ta evaluate a thermal environment 

mare precisely, therefore, the distribution of such 

physical conditions and PMV should fully be known. 

For this purpose, tbe numerical prediction has 

been recognized as an influential method. 

Many studies on the numerical prediction method 

for indoor air movement or temperature distribution 

have been conducted, as reviewed by Kaizuka:i 

for example, and they are proving ta be of practical 

use. The calculation method of indoor radiation 

interaction to be discussed in this paper has already 

been fonnulized by Gebhart•> and Fangerll, In 

addition, the calculation for a model indoor space 

with heated wall has been conducted through 

a combination of air convection and radiation 

interaction by Sakamoto", and the distributions 



.. • . .. 

.. : -:: ..... :· · 
· ••. !· . • 

• .... " ··. 

. ... 

104 K.i.rzux.i., Iw .i.:.rOTO: A Numerical Calculation on the Distribution of Surface 

of vector radiant temperature and operative tem· 

perature inside a two-dimensional heated room have 

been indicated by Hiramatsu and Kaizukan. 

As one of the studies to establish the numeric<il 

prediction method for indoor thermal environments, 

this paper aims to formulize the calculation method 

of wall surface temperature, vector radiant tem­

perature, mean radiant temperature and PMV by 

taking the distribution of thermal environment 

caused by radiation interaction into our main 

consideration. Also this paper aims to apply this 

method to a room adapted with floor panel heating 

(FPH) and forced convective heating (FCH) to 

display one of the aspects of the characteristics of 

both heating systems. 

In the study of Hiramatsu and Kaizuka", the 

numerical prediction was conducted through a 

combination of the calculations for air convection 

and radiation interaction by making the distribution 

of air temperature and convective heat transfer 

coefficient unknown values. In this paper, however, 

the calculation of air convection is excluded to 

examine the calculation method of radiation 

interaction, therefore the air temperature is 

assumed to be uniform, and appropriate values 

are employed as known values for the air velocity 

and convective heat transfer coefficients. 

Such calculation method is basically similar to 

the method already shown by Fangerll. Differences 

include the following; 

1) The indoor surface is subdivided into small 

surface elements to facilitate the combination 

of the calculation of air movement with that 

of radiation interaction. 

2) The vector radiant temperature (proposed by 

Nakamura•>] representing the directivity of 

radiation field is calculated. 

3) The method (also proposed by NakamuraS>J 

of approximating the shape factor of a human 

body by using an infinitely small cube is 

employed. 

4) The radiosity used by Fanger1> is replaced 

by the absorption factor of Gebhart3'. 

5) The excellent algorithm by Yamazakin is used 

in calculating the shape factor. 

Note that a part of this paper was already 

reported by the authors in the references 8), 9), 10) 

and 11). 

N omencla tu re 
B;1 : Gebhart's absorption factor [-] 
C; : Overall wall conductance from inside sur­

face element i to outside air [kcal/mZ·h·K] 

c, : Specific heat of air at constant pressure 

[kcal/kg· K] 

ds : Area of infinitely small cube's surface (m2] 

FCH : Farced convective heating 

FPH : Floor panel heating 

F;1 : Shape fac~or from surface element i to j 

[-] 

F,; : Shape factor from human body to surface 

element i (-] 

/1; : Shape factor from cube';; surface lJ to 

surface element i [-] 
/i1 : Shape factor from surface element i to 

cube's surface lJ 

f,, : Clothing area factor 

[-] 

[-] 

h0 : Convective heat transfer coefficient between 

human body and room air [kcal/ m2 ·h·K] 

h,; : Convective beat transfer coefficient be· 

tween surface element i and room air 

[kcal/m2 ·h· K] 

I,, : Thermal resistance from skin to outer 

surface of clothed body [clo] 

M : Metabolic rate [kcal/m2·h] 

N: The number of surface element 

n : Air change rate [l/h] 

P. : Partial pressure of water vapour in room 

air 

P1'IV: Predicted Mean Vote 

Qs : Supply beat to room air 

[mmHg] 

[kcal/h] 

QL : Heat loss from room to outside air 

[kcal/h] 

S;: Area of surface element i (m2] 

T.: Room air temperature (KJ 

T; : Temperature of surface element i . (K] 

T,.., : Mean radiant temperature of cube (K] 

T,; : Outside air temperature for surface element 

[K] 
T,., : Outside air temperature (K] 

T, "''' : Mean radiant temperature of human 

body [K] 

J ' : 

, 
' .• 



. . ~!; 

.... 

··.· 
:~_ .. 

. ! ·:····.. . .. .. •.• ... . . .. : ' ····.··' .. ; .~ ,.:·:; \j Temperuture and Thermal Comfort Index caW1ed by Radiation Interaction in a Heated Room 106 

j 

·-: 

. . . . 

Trb : Mean radiant temperature of cube's surface 

b 

Tv : Vector radiant temperature 

[K] 

[K] 
tci : Mean temperature of outer surface of 

clothed body 

V: Volume of room 

v : Relative air velocity 

W : External mechanical 

human body 

power 

["CJ 
[ma] 

[m/s] 

performed by 

[kcal/mZ·h] 

e; : Emittance of surface element i 

p : Air density 

[-] 
[kg/m3] 

(J: Stefan-Boltzmann constant [kca!/m2 • h·K'] 

1. Room model for calculation 
Calculation is conducted on a room assumed to 

be used as a living room in a rectangular paral· 

lelepiped with a width of 6. 4m, depth of 4. 8 m 

and height of 2. 4 m as shown in Fig. 1. On the 

left and inner front exterior walls, glass windows 

are provided, and at the right and this side in 

front, interior walls are installed. Under the tioor 

is a crawl space, and over the ceiling is another 

room. 

The materials and dimensions of each wall, the 

wall conductances from the inside surface to the 

outside air, and the outside air temperatures are 

shown in Fig. 1. The air change rate caused by 

infiltration is assumed to be 0. 1 l/h, namely, 7. 4 

m3/h. The indoor surface is assumed as the perfect 

ICo i linsl 
Neiqhbour room-15 ·c 
c.- 1.s1 

diffusing surface under the Lambert's cosine law, 

and the emittance Si for long wave radiation is assu· 

med to be O. 95 without taking the radiation trans· 

mission and short wave radiation into consideration. 

After dividing the indoor surface into surface 

elements, S; of Q. 8 m x O. 8 m, the surface tem­

perature of each element, T;, is calculated. The 

total number of surface elements is 180. In addi-' 

tion, the indoor air space is divided into cubic 

cells of O. 8 m x 0. 8 m x O. 8 m. In the center of each 

an infinitely small cube is placed. This infinitely 

small cube was employed, according to Nakamura51; 

as an imaginary detector to calculate vector radi~t 

and mean radiant ·temperatures, and to convert 

the shape factor for a human body. The total 

number of cubes is 144. 

2. Indoor surface and room air temperatures 

2. 1 Shape factor between surface elements 

The shape factor of ' surface element j against 

that of i can be obtained by the equation below. · 

F;;=.J... f f . cos(}; cos fJ, dS; dS, ...... ( l) 
S; Js,Js, ;;:r= 

This integral equation was theoretically calculated 

by Yamazaki7l using the law of solid-angle projec· 

tion and the contour integration method which 

results in an excellent program. Under the 

circumstances, all calculations of F ;1 in this study 

are conducted by:using the program by YamazakiT> . 
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2. 2 Gebhart's absorption factor panel heating) 

For the calculation of the radiation interaction 

between the surface elements, the absorption factor 

of Gebhart3> is used. As the reflectance of the 

surface element i is l-e; according to the law of 

Kirchhoff, the absorption factor of Gebhart can 

be calculated by the equation below. 

for i=l to N and j=l to N 
y 

Fii 01+ L:; B,1(1-s.)F;.=B;i ···· · ·( 2) 
kal 

2. 3 Heat balance of a surface element 

For the surface element i (unheated surface 

element i in floor panel heating), the following 

heat balance equation can be established under 

steady state condition. 

QR+-QR_+Qcv+QcD=O [kcal/h] ···· · ·( 3) 

where, 

Qz., : Heat fl.ow rate absorbed by surface i 

caused by the radiation from the other 

surface elements (=a te1B1;T/S1) 
Jal 

QR- : Heat flow rate emitted from surface 

element i ( =a<:iTi'S;) 

Qc·r : Heat fl.ow rate transferred from room 

air by convection (=h.,(T~-T;)S;] 

QcD : Heat fl.ow rate conducted to surface 

element i from outside air through a 

wall ( =C;(T.,-T;) Si) 

By substituting .these values, T; can be arranged 

as!follows. 

17 o;(l-B;;) Ti'+ (h., +C;)Ti 

·· ·· ··(3') 

2. 4 Heat balance of room air 

The following heat balance equation can be 

established for the room air. 

Qc.J. +Qv+Qs=O [kcal/h] 

where, 

Qc.t : Heat fiow rate transferred to room air 

from surface elements by convection 

[= _t h,,(Ti-T.)s,Jl ,3, 
Qv: Heat fl.ow rate entering by infiltration 

C=c,pnV(T,.,-T.)] 

Qs : Heat fl.ow rate supplied to room air by 

forced convective heating (O for floor 

By substituting these values, T. can be arranged 

as follows. 

N 
!: h"T;S,+cp,anV· T,,.,+Qs 

T.= ~i-2~1~-:T"~~~~~~~ 

I: h,is,+cppnV 
i•l 

2. 5 Calculation procedure 

...... ( 4') 

T; and r. can be obtained from the equations 

(3') and (4') through the procedure below. 

1) Substitute proper initial values for Ti and 

T •. 

2) Obtain the approximate value of r, by solving 

eqution (3') wit~ the Newton-Raphson method. 

3) Obtain the approximate value of T. with the 

equation (4') based on T; obtained in 2). 

4) Repeat the procedure of 2) and 3) until Ta 

converges. 

2. 6 Heat loss 

After obtaining the surface temperature Ti and 

the room air temperature T., the heat loss QL 

[kcal/ h] from indoor to outdoor can be calculated 

by the equation below. 
y 

QL= r;c,(T;-T,,)S;+c.,pnV(T.-T,.,) ······( 5) 
i=1 

(at unheated floor in FPH) 

In addition, the heat loss from the floor, wall and 

ceiling can be calculated individually. 

3. Calculation of the radiant field 
3. 1 Shape factor between a cube surface and a 

surface element · ·· 

The shape factor of the surface element ·i for 

the cube surface b can be calculated by the equa­

tion below. 

/i•= ( cos 81 cos 8; dS; 
Js, rcr2 

······( 6) 

Same as F;Jt the above equation is calculated with 

the program by Yamazaki1>. However, /1• is calcu­

lated as the shape factor between a point and a 

rectangle by assuming that the size of each surface 

of a cube can be neglected when compared to the 

surrounding space. 

3. 2 Mean radiant temperature of a cube surface 

The heat fiow rate emitted from the surface 

element i is 17 o;T;'S; [kcal/h], and the heat ftow 

rate reflected by the surface i is (1-ei)H; when 

I 
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Fiir. 2 Infinitely small cube 

assuming the total sum of the radiant heat flow 

rate entering from the other surface elements is 

H;. Therefore, the heart flow rate substantially 

emitted from the surface element i is a sum of 

both values above. The portion of heat flow rate 

substantially emitted that enters the cube surface 

bis fi1(CTo;T;'S;+(l-~i)H;) . On the other hand, 

when the radiation heat flow rate absorbed by the 

surface element i is expressed in terms H;, edli, 
N 

then this value I: CT s1Bi;T/S1 can be set equal to 
1~• 

the absorbed heat flow rate. And therefore, 

l N 
H;=- I: CT e1B1;TJ'S1 

6&: J•l 

Therefore, the radiant heat flow rate substantially 

entering the cube surface b from the surface 

element i is, 

And the heat flow rate entering from all surface 

elements is equal to the summation, i= 1 to N, -~f 

the equation above. When making the mean radiant 

temperature of the surface b of cub~ Tri. then · 

On the other hand, from the reciprocity theorem 

of shape factor, 

f,1S•= I•• ds 

Therefore, 

Tr1= {~ /11(o;T;'+ l~e; f e1B,,T,• 
5
8

1 
)}

1

" ··-( 7) ,::a, e.. J•l c 

3. 3 Mean radiant temperature of a cube 

Based on the mean radiant temperature of a 

cube surface, the mean radiant temperature of a 

cube is approximated by the equation below. 

Table 1 Weighting factor of shape factor for 
each surface of infinitely small cube 

\Veighting factor 
Seated position 
Standing position 

1 8 

T .. ,,=-
6 

I: Tr• .. , 

0.199 
0.238 

3. 4 Vector rndiant temperature 

0.102 
0. 024 

...... ( 8) 

As shown in Fig. 2, when Tr• calculated by 

equation ( 7) is used far Tr,-T, 0 and the unit 

vector on each coordinate axis is expressed as i, j 

and k respectively, the vector radiant temperature 

T. representing the directivity of radiant heat flow 

can be calculated by the equation below. 

T.= (Tr,-Tr,)i+(T,.-T,,)j+ (T.0-T,,)k 

..... -( 9) 

4. Calculation o.f thermal sensation index 

PMV 
4. 1 Shape factor between a snriace element and 

a human body 

N akarnura8' proposed a method to approximate 

the shape factor of a surface element for a human 

body by applying weighting factors to the shape 

factors of cube surfaces. Namely, by using the 

weighting factors listed in Table 1, the shape 

factor between a surface element and a human body, 

F1,, can be approximated by using the equation 

below. 

...... (10) 

Where, a cube located O. 6 m above the Jioor repre· 

sents a seated position, and a cube located 1. Om 

above the door represents a standing position . 

4. 2 Mean radiant temperature for a human body 

Using the same form of equation ( 7 ), the mean 

radiant temperature for a human body, T1 .. r1, can 

be calculated by the equation below. 

....... (11) 

4. 3 Calculation of PMV 

The thermal sensation index PMV proposed by 

Fanger" is a function of room air temperature 

(T.[K]), Partial pressure of water vapour in 

room air (P.[mmHg]), mean radiant temperature 
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(T1 ,.,,[K]), relative air velocity (v[m/s]), meta· 

bolic rate (M[kcal/m2 ·h]), external power perfor· 

med by the human body (W[kcal/m: · h]) and ther· 

ma! resistance of clothing (l .. [clo]), and can be 

denned by the equation below. 

P.l!V= (0. 352e-<>-0• 2.v+o. 032) ((,'1£-W) 

-0. 35 {43-0. 06l(M-W)-P.) 

-0. 42(M- W-50)-0. 002 3M( 44-P.) 

-0. 0014M(34-T.+273) 

-3. 4X 10-8/,, ((t,,+2i3)'-Tpmr•') 

-/,ih,(t,,-T.+273)] ······(12) 

Where, the mean temperature of outer surface of 

clothed body, t,,, can be determined by the equa· 

tion below . 

t,,=35. 7-0. 032(M-W)-O. 181,, (3, 4X 10-8/,, 

'x ((t,,+2i3) 4-Tp .. rc') +f,,h.(t,,-T.+273)] 

And the convective heat transfer coefficient for a 

human body, h,[kcal/m2·h·K], and the clothing 

area factor for a human body, f,1, can be deter­

mined by the equations below. 

r2. 05(t,,-T.+273) 0·=~ 
h, = ~ _ 1_ greater value 

llQ. 4v v 

for I,1<0. 5 clo 

for lct>O. 5 clo 

The thermal 3ensation scale is defined corresponding 

Table 2 P1'IV and sensation scale 

PMV Sensation scale 

3 Hot 
2 Warm 
1 Slightly warm 
0 Neutral 

-1 Slightly cool 
-2 Cool 
-3 Cold "'IJ ' : 

to PMV as shown in Table 2. 

5. Results and discussion 
Results obtained by applying the calculation 

method being formulized in Sections 2. to 4. for the 

room shown in Fig. 1 for either floor panel heating 

(FPH) or ,forced convective heating (FCH) are 

described below. 

5. 1 Setting condition 

The setting conditions for the calculations in 

Table 3 are as follows. The heated fl.oar temperature 

for FPH and the heat supply for FCH were set so 

that the mean PMV values at a seated position in· 

side the occupied :z;one are approximately 0 (neutral) 

after conduc:ing several preliminary calculations . 

The occupied zone above is defined as a space 

located less than 1. 6 m above the floor and more 

than O. 8 m from the wall surface. 

In the case of FPH, O. 1 m/s was set for the air 

velocity of still air, and the values commonly used 

for the convec~ive heat transfer coefficients were 

set according to the direction of heat flow, namely, 

upward, horizontal and downward directions 

respectively. 

In the case of FCH, a comparatively large air 

velocity (0. 5 m/ s) was set, imagining a fully mixed 

state to obtain uniform room air temperature, and 

the values 1. 5 times that of FPH was set for the 

convective heat transfer coefficients. 

For the air humidity, clothing and metabolic 

rate, the values based on an imaginary room in 

ordinary winter condition were adapted. 

5. 2 ·Room air temperature and heat loss 

Calculation results on the room air temperature, 

Table 3 Setting condition for the calculation 

.· 

Floor panel heating Forced convective heating 

Heated floor 32. 5°C Supply heat 2 590 kcal/h 

v=O. l m/s v=0.5.m/s 

{

Heated floor, Ceiling 4. 0 
h,i = Wall, 'Window 3. 0 

{

Ceiling 6. 0 
he;= Wall, Window 4. 5 

Unheated floor . 1. 0 
[kcal/mZ·h·KJ 

Ie1=1.0clo, lvl=50kcal/mZ ·h, W=Okcal/m2·h 
. Relative humidity=40% 

a=4. sax 10-~ kc:tl/m2·h·K•, Cpp=O. 3 kc:il/mS·K 

Floor 1. 5 
[kc:il/mZ·h·KJ 
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heat loss and the mean PMY inside occupied zone 

are given in Table 4: Although slight errors were 
; ... . 

fou~d,: the mean PMY values inside the occupied 

zone were near to O (neutral). Naturally, the 

seated position was warmer than the standing 

position in the case of FPH. and no difference 

between the seated and the standing positions was 

found in the case of FCH. 

The room air temperature in the case of FPH 

was significantly lower than that_ in the case of 

FCH by 3. 4 •c. This may prove the benefit of FPH 

enabling occupants to feel the freshness of the 

room air because of lower air temperature while 

providing warmth in a \similar degree to FCH. 1 

The h_eat loss (=heat supply) in FPH was smaller 

than that in FCH by approximately lSJ,;' illustrating 

the excellent efficiency of FPH. However, the 

value of heat loss is only considering indoor heat 

loss not indicating loss from the entire heating 

system. Especially in the case of FPH, heat loss 

to the crawl space tends to be enlarged hindering 

the heating efficiency unless proper insulation is 

applied. 

5. 3 Room surface temperature 

The room surface temperature distribution of 

FPH and FCH is shown with contour lines on the 

perspective drawing in Fig. 3. Despite the 3. 4°C 

lower room air temperature of FPH, the surface 

temperatures of the ceiling, walls and windows in 

both heating systems show the similar values 

although that of FPH is slightly lower. 

The temperature of the floor surface near the 

windows is significantly low due to radiant cooling 

by the windows. The surface temperature of the 

exterior wall (at the left side) is slightly higher 

than that of the iri.terior wall (at the right side) 

due to the fact that the exterior wfll is insulated 

whiie the interior wall is not. 

5. 4 Mean radiant temperature of a cube 

The mean radiant temperature distribution of 

the cubes for FPH and FCH is shown with contour 

lines an the four crass sections-of the perspective 

drawing in Fig. 4. In both beating systems, the 

mean radiant temperature is low near the windows 

clearly indicating the effect of radiant cooling. 

The mean radiant temperature of the rest of the 

Table 4 Calculation results on the room air temperature, 
heat loss and the mean PMY 

FPH 

Room air temperature 23. l•C 

Floor 44 c 2.0) 
Interior wall 591 (27.3) 
Exterior wall 272 (12. 6) 

Heat loss [kcal/h] (%) Ceiling 401 (18. 5-) 
Window ... 806 (37.2) 
Air change 

~ ~- .. .. 
51 ( 2.4) 

' The mean PMV inside 
occupied zone 

Total 

u ... 
->-----'---'--'--'--~,"- ~o.o / · 

' .... , 19.S 

---·-·--- ------ ---------- ·--·--:~ ~o. o 

2165 

Seated 
0.021 

Standing 
-0.129 

FCH 

2s. s•c 

184 c 7.1) 
729 (28.1) 
280 (10. 8) 
430 (16. 6) 

.. 908 (35.1) 
59 c 2.3) 

2590 

Seated 
-0.0007 

Standirig 
-0.0108 

(a) FPH(Room air temperature-23.l'C) \b) FCH(Room •ir temperaturo-26.5'C) 

Fig. 3 Room surface temper:iture 

, .. , 
. :: . . _• 



... . - .: 

-·· . . . .•. .. •. . . . .. . . . ·.;.: .; ; ~ .. : -. :~- . ,• :· .. 
·· ·-· .. ··. 

.... ·-. ·::: : ::~:; _: :>=.·.::.>=·: :.· .. ::-:.::_;:: 

. . . ,.·.:-:.-. . -... ·, : ·,<'c::~:: ,;:;-,;;_·:_ 
... .:. .-.· .·. -: .. 

.:· .... 
. ···.\;::: ·_. .... ..: ~;~~ ~/.: :·<: ~:;-. : ;:--. ; ; 

: . ··- . : . :' 
·· .. · 

·-.·. 

. ·" 

110 K-.1zu:s:~ IWA..l!O'IO: A Numerical Calculation on. the Distribution of Surface· 

Sec tion 4 S oc tion l Section 4 
(al FPH (b) FCH 

Fig. 4 Mean radiant temperature of cube 

Window lnlertor wall 

I / 
21.S 

I I 

s.o 
• 

21.0 I 
Sect ion 1 

5.0 

t 

Section4 

room is uniform in FCH, while it is higher than 

FCH from the floor surface to the ceiling surface 

by s-o·c in FPH showing the comfort character­

istic so called "Keeping the head cool and the feet 

warm.". 

5. 5 Vector radiant temperature 

The vector radiant temperature being projected 

on the four cross sections for FPH and FCH in 

Fig. 4 is indicated by overlapping it with the 

contour lines of the mean radiant temperature in 

Fig. 5. In FPH, an intensive directivity toward 

the ceiling, interior wall and windows from the 

Window 
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t 
Secdon l 
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l 

Fig. 5 Vector radiant tem. 
perature on the four 

·· "cross sections 

heated door is observed. While in FCH, no 

significant directivity is found except that toward 

the windows. 

Fig. 6 shows the distribution of the vector radiant 

temperature viewed from the top with a perspective 

drawing. As described, the directivity of the radia· 

tion field can be e:otpressed precisely by introducing 

the concept of the_ ':ector_ radiant temperature. 

5. 6 Predicted mean vote 

The contour lines. of PMV at seated and standing 

positions for FPH and FCH are shown on a plan 

in Fig. 7. In both cases, it is low near the windows 

.· 
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(ai FPH 

-.A-- ~~ 

1 !I~. . I I 
I 

~ L 
II 
IJ 

~ 

I/ 

Standing position 
(1.0 m above the floor) 

Se•ted position 
(0.5 m above the floor) 

due to radiant cooling. In FPH, it is lower at a 

standing position than that at a seated position, 

and iD. FCH, no difference between the seated and 

standing positions is found except at a place near 

the windows. 

Through calculations of PMV, the evaluation 

index of thermal environments (Predicted Percent­

age of Dissatisfied) and the thermal non-uniformity 

index (Lowest Possible Percentage of Dissatisfied) 

both proposed by Fangerll can easily be obtained. 

These calculations were conducted by the HITAC 

M-~SOH at the Computer Center of Tokyo Univer­

sity. The CPU time for all calculations was less 

than 1 minute, and a calculation of the room 

surface temperature required only about 10 seconds. 

6. Summary and conclusions 
Taking a rectangular parallelepiped room into 

our consideration, the calculation method to obtain 

the room surface temperature and the radiation 

'-:. 
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' 

.. 
-.-

r. 

.,, 

.,. 

(b) FCH 

0.0 

(b) FCH 

,,. 

u 

,,, 

./ 

.... 

Fig. 6 Vector radiant tem­
perature viewed from 
the top 

Fig. 7 The contour lines of 
thePMV 

field caused by radiation interaction, and the 

distribution of the thermal sensation index for a 

human body was developed. Some of the characte­

ristics of FPH and FCH systems· caused by radiation 

interaction were quantitatively clarified by applying 

this calculation method. 

Since this calculation method is based on the 

assumption of uniform room air temperature and 

air movement, the serious infiuences due to forced 

convection or natural convection can not be 

evaluated. However, the authors believe that this 

calculation method is thoroughly effective as a 

simplified prediction method for first estimation. 

Needless to say, this calculation method can 

easily be combined with that of air convection or 

wall heat conduction under non-steady state 

conditions through which a more realistic prediction 

of themal environments can be performed. 

.· . . . 
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