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Indoor thermal comfort evaluation of a room coupled with built-
middle PV-Trombe wall
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Abstract: A thermal comfort evaluation model, based on energy balance principles, is developed for assessing
indoor thermal comfort in a room equipped with a built-middle PV-Trombe wall during the heating season. The
study also investigates how the installation location of the absorber plate affects indoor thermal comfort. Results
show that while the built-middle PV-Trombe wall improves indoor thermal comfort, it maintains only a basic level
of comfort overall. Between 9: 00 and 13: 00, the indoor environment remains cold, resulting in occupant
discomfort. However, when solar radiation is low, the enclosed air layer formed by the photovoltaic panel and
glass cover can still help maintain a more comfortable room temperature. Positioning the absorber plate on the
outer surface of the massive wall enhances the indoor thermal environment, reducing discomfort duration by one
hour without additional costs. The thermal comfort evaluation model constructed here allows for easy prediction
of indoor thermal comfort variations over time, facilitating dynamic management of indoor temperature.
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Fig.1 Schematic diagram of MPV-TW
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Fig.2 The physical model of a room with two MPV-TWs
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Table 1 Table 2The specific parameters of Trombe wall model

EX S8 5 L2 Bl
JE i d, mm 3.2
iy P, kg/m’ 2500
I 1% c, J/(kg-K) 840

I

L ES a, — 0.1
B R T, — 0.92

RS g, — 0.8

J5ERE 0O, mm 0.5
HRE P kg/m’ 2702

W FA AR I c, Ji(kg-K) 903
W i 28 o, — 0.95
R 2 €, — 0.95
J& Oy mm 2.5
iy Py kg/m® 2300
FL Vb AR H A C, J/(kg-K) 750
U a, — 0.9
R IES e, — 0.9
Gy P, kg/m’ 1.18
s bR c, J/(kg-K) 1100

SR

FHRE 2, W/(m-K) 0.026

BB v m*/s 1.58x10°
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Table 2 The specific parameters of building envelopes model"”

-, S JE R/ R/ SRR He A/
mm (kg m™) (W-m"-K") (I'kg"K")
IKUE S 15 1 800 0.93 1048
A (R ) Btk 400 1 800 0.81 870
KIS 15 1 800 0.93 1 048
VISR UE: 15 1 800 0.93 1048
Hh5E (BRm %) B 6k 240 1 800 0.81 870
KPP 15 1 800 0.93 1048
KUY fb 15 1 800 0.93 1048
& T TR BE+ 200 2344 1.84 770
KIS 15 1 800 0.93 1048
KIS 15 1 800 0.93 1048
TRBE 1 200 2344 1.84 770
Hb T
KPR 15 1 800 0.93 1048
TR Z 50 30 0.027 1975

1.2 BEEFEEDR
1.2.1 #a&AR%

T WG A MPV-TW J 0] (1) %5 N AET 36 R A8 Ak AE AR i 7 i R v 8« 1) BT A R W PE S 8034
R B 2) B TR EEAR N 22 W 3 5 B A PH EE Tt A R TR A T JRE B T ) ) R BREABE 5 3) 2 T 7 A IR
BiE MR N GG SN 520, 5 N TJCH AR 4) BB S5 R 1 T O — 4R R 5) & DA IR RE T R R T ) AR
A 7K 5 1) 3 A 3B )01
1.2.2 #F-FH S

XF I B A, A
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K s, R R 9 5 95 T, 0 RO E K T, 08 S BORLIE K 7, 0K B B E K s,y 3
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TR,
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Fig.3 Schematic diagram of massive wall
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AR AN R A, m’,
T A kA B A R (13) Fsk (14) 380
2¢aqmn (Tow— Toc )= hine (Tow— T ) A (13)
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Fig. 4 Flow chart of SET calculation
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Table 3 Thermal sensations and physiological states corresponding to the SET ranges ™"

SET Ji [l /°C PR AR
37.5~44.0 R AR A G 1 FWTT 28 R
34.5~37.5 ARG E Kt iT
30.0~34.5 Wz AEF & HEREE
25.6~30.0 TR FEAS BT 3E LA EF 5K R
22.2~25.6 fige Az AR rh
17.5~22.2 (D8 ¥ NS H IO A A A A4
14.5~17.5 R EHR G128 )
10.0~14.5 el | PN BT THG T2 B

Bl 4 H AR B R AR se” RN B E IR BT , p, o B KR T ) 7K 28 S0 e 07, Pas A MR 5 3R 858 19 6 I Bt B %

QN N W XA
1
R Ufa (hat o) (17)
AR A IR, m* K/W 5 £, IR 285 00 1T B 28 805 by, o AW 5 PRS0 5 S B R B0, b, =4.7 W/(m>K) 5y,
KA 5 IR BE 0 A R B, by =max {12,167, 2.38(2,-2)" ) (u R 2 9 KGE , m/s 5 ¢, o A IR 3 TR BE L, °C)!Y,
W/(m*K).

AR5 R 14 5 T A B R b R R R
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1
o= : 1
M= CRWLR i)+ (VLR ~fo o) (18)

A H LR A Lewis 8, LR=16.5 K/kPa™ ;i WA AR /K 78K B8 A2 80,1,=0.45

EASTE 09 J2 , DA b A% Rl o S A5 0 0 BACET 3 M AR R 0 8 OB AR Trombe 35 117 44 £ 149, 4 F HoAth
AR G AR Trombe K%, H 32 B4 3554 5 v B OB AR Trombe K540 R, H 2 K BH H, ¥ AR 7E Trombe 55 7P A4 A0 X
OB AN B L RS X b 3R Y 8 O A R e RS PR AR A A% R A A I B, A BT ST AN ) 28 B0 fR
Trombe 1 (14 A8 5 ALY . 55 Ab | T AR 05 K B ] i ELAR 5 4, S iy AT 3 PR A AR T 65 S () 2 7Y
B GAR Trombe 35 14 2 N $4ET 38 P4 o

2 RBVIGIF

i FE MATLAB R2016a 5 1F #8 4 5K fi# Trombe 55 155 B 58 P 43 M AU ] 477 45 A4 B0 750 R B & 3 1 A A8

Lin Z£0%F MPV-TW B PEREFEAT 79T , 5200 45 00 9F 1 SCrh AR Ay Al S v o Serp SR RO SF 5 Sk (3]0 52 56

B 18] R s — %, #4743 800 mmx3 900 mmx2 600 mm , H A AR &I i1 i) MPV-TW i 5 SClk[3]7% MPV-TW R~} 4
[f, %1000 mmx2 000 mm. A& i LA R IR 25 3, 51 A B R 22 Er, i H 8 A 0N
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i=1

SHH T AR S SO P AN A R A . W LUE Y S A5 B 5 TR A A M IR ) AR Ak
Hot, ot R 0457 YR X 15 22 43 90k 7.45% .6.28% 1 8.03% . A M, SC v i 4 7 (1 455 AL 2 Wl HE 11

x100% o (19)

70 11000
60 |
1 800
50
& 40 1 600
2

I/(N-m?)

%30 ¢ 1 400

20

1 200

4 [3]

10 ——, 3] 5
g [kx]

8
i [AX]
tg

0 . . . . . 0
10:00 11:00 12:00 13:00 14:00 15:00 16:00

T

E5 XBERSXHERILL

Fig. 5 Comparisons between experimental and present values

4% ASHRAE Standard 55-2017"" 23K , SET Y #AET 3 PR A B 75 2 512065 Mk BT 45t 19 s 90 (A 396030
LA T A NAR LA Eh =0 W/m® Iz %% $4BH R, =0.08 m*-K/W 15 F , SET iy 118 {H SET,, FlAx vfE (i
SET,, Z [H] A FL A, S B AH X 1R 25 0 2.27% , PR, S T 458 P 198 AT 3 A A AR 2 T e 11
*4 SETHEBEBSHEEMNILR

Table 4 Comparisons between standard and present values of SET

t/°C t/°C RH/% u/(m-s") M/(W-m?) SET,,/°C SET,./°C Erl%

0 25 50 0.15 58.2 12.3 11.7 4.88
10 25 50 0.15 58.2 23.8 23.5 1.26
15 25 50 0.15 58.2 17.0 16.5 2.94
25 10 50 0.15 58.2 15.2 14.7 3.29
25 40 50 0.15 58.2 31.8 31.1 2.20
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gk4
1/°C 1/°C RH/% u/(m-s™) M/(W-m?) SET,,/°C SET,,/°C Erl%
25 25 10 0.15 58.2 233 23.0 1.29
25 25 90 0.15 58.2 24.9 243 2.41
25 25 50 0.10 58.2 24.0 23.6 1.67
25 25 50 0.60 58.2 21.4 21.1 1.40
25 25 50 0.15 46.6 233 23.0 1.29
25 25 50 0.15 116.4 29.7 30.4 2.36
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9:0053‘517\]11%“@1&& SET AU A 13.4 °C, UL B ARGV 5 WA B AR 8 AN 6Fid . BEE MPV-TW Hyig 17
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