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Simulation of a Radiant Cooling System using Trnsys

Fu Tongwei' Li Bin' Xu Pengfei® Zhai Xiaoqiang'

(1. Institute of Refrigeration and Cryogenic, Shanghai Jiao Tong University, Shanghai, 200240, China; 2. Shanghai
Merchant Ship Design and Research Institute, Shanghai, 201203, China)

Abstract In this study, a building in Shanghai is taken as the study object and the existing floor radiant cooling system of the building is
simulated using Trnsys. Then, according to the actual condition of the building, a roof radiant cooling system is designed for the building
which is compared to the floor radiant cooling system. The results show that the roof radiant cooling system can more rapidly adjust the in-
door environment and has a smaller thermal inertia than that of the floor radiant cooling system. During the entire cooling season, the ener-
gy consumption of the floor radiant cooling system is 35 826.2 kW +h and that of the roof radiant cooling system is 34 181. 9 kW +h, which
is 4. 59% lower. Given the continuous operation of the air-conditioning system in the building, a running schedule for the roof radiant cool-
ing system is designed that can reduce the energy consumption of the system on the premise of meeting the indoor thermal environment
standard. On this basis, given the long-term constant operating conditions of the air-conditioning system in the building, a variable water
flow rate control system and variable water temperature control system are designed, respectively, and the actual operation effects of the
two control systems are compared. The results show that the variable water temperature system more quickly responds to the changes in in-
door thermal environment and consumes less energy. After improving the system running schedule and adopting variable water temperature
control, the total energy consumption of the roof radiant cooling system during the cooling season was 14 665.3 kW <h, much lower than
the energy consumption of the original system.

Keywords air-water air-conditioning system; variable water flow rate system; variable water temperature system; system energy con-
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Tab.1 The information of this building

2 TR/ m?® R/’ N
= 118. 94 386. 56 15
2 )7 142.05 441.07 8
3= 142. 05 442. 49 5
4 )2 117. 58 376. 84 10

SIS BERZEFI N 0.01 m 245 /K Y2 0.1 m
BEEA AT 0.3 m IR B L, BA AR ECH 0.355
W/ (m*-K) % )2 MR RBNER 2 s, e ik
FIEIMARECH 1.26 W/ (m*-K)

R 2 BHSMEER (B m’)

Tab.2 The area of external walls ( Unit;: m?)

%z AR P mfl e
1 56.90 56.90 23.88 23.88
2 49.50 49.50 35.00 35.00
3z 49.70 49.70 35.10 35.10
417 40. 40 40. 40 36. 10 36. 10

1.2 R ERER
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1.3 BEHTMHRERER

SR FH Ml AR 5 R VA I, VA AR T B IX ek
A HTREHR T W b, ENTFRE< EriRE,
T H TV 2 AU B > A U B V8 & S Il T U0 AR
TEZ PRFR X, e DL N 2 B 1) e s A SR
XTI ORI S, R 5 N IR AR TR L ) b s i
AR PR RS B, = N YR B R LR A = B
PRDIR A 2 SR BT AT B, EX RSB T , =N
SR B T BN A A NIRRT R, (HRTFEN
R XIS B, AT B Sk AR
OB | REma AR RET 18 1

AR b A R S RV OR TR AR 5 RV, = R R
EET L7 s Ra | Bl N AL, A R XHRAL
I, 2 PN A L ) ek R D R oy A 8
SIPEES . HR TR S S (v i, b 28 RO <
T A SRR AT A A Sk TR ) R S
W], BT B X S B ARG L, B T TR 4 S v
R0, TR I, 5 MO AR S A RS AT X
Fear .

SR VUM BTV VRKAE B B4 AE R S AR b
B, B A EHBE R 0.2 m, ENRN
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Fig.1 Simulation system diagram of Trnsys
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Tab.3 The basic parameters in the building model
S8 BOEE
HEFPI IR % 60
HEFR IR IR/ C 26
AR S i s L 0.23
VU5 5 L 0.23
P O St 14 st L 0.32
Ao i s L 0. 09
2.2 SRYIE

HERGEIE o, FEATEIL S SR E M
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ARG . RS QAR R AR LRI 30 4E 1
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J& e PR AR AT AT IR IS AR

A AR B , OPT R R SRR AR SR
FHAARI BT 45208 R i B35 30 m*/h 145
GFR 1 TERANEGHITROE . BTRGE R AR AT
FHEI K RN 3 000 ke/h, 358 B R KIRE N 7
C. I E R 20 C

3 REEMTE

3.1 HtREE SRR IEIT IR

S H TR FH 00 HE v A S A i S AR, AR 2
R SEAT 00 2 000 356 B 4 IR S B as A7 R 10 i
B, Hp A 2GR VRK I HEKIREE R 14 °C %
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S AL A
3.2 TR SR IEIT TN
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T TR 4 5 /K B ik A R AR 2 Hp R S s R E e
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AR T, BRI 6 KGR E R 20 C &
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R4 EFRERETEIR(BLL kW)
Tab.4 The load of each floor ( Unit: kW)

B2 KB At B P15 11 A
1)2 3.97 2.23 1.74
22 4.44 1.22 3.21
32 4.13 0. 82 3.32
4 2 4.54 1.39 3.15

N THIRE R 26 °C |, % N H R R E K
60% , Al LA 15 % N #& SR E N 17.6 C, KB IE5R
S TOUM B ¥ /K A 2 %, V3 VoK T B 2 8 T N R A
T 1~2 C 2 kK IR J 19 ¢, %3t
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Tab.5 The frozen water flow rate of each floor

e BRI E/ (kg/h)
= 857. 1
) 1584. 3
e 1634. 8
e 1552. 1
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Fig.2 Temperature parameter variation diagram of

floor radiant cooling system
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Fig.3 Temperature parameter variation diagram of

roof radiant cooling system
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MR EE A 23. 07 °C, HiRARRELETT, ENR
FERFELAD TAAMIR S, 8 SR = o 16,92 C
AT DAORIEAN 2 IR A5 88 i B0 4, % T T Al S5 44t
B RGE, % NI B REARREAR PR 25. 73 °C %
K7 0.85 C; AR EH 21.79 C, FBFEAK T
1.28 C; & AR fe i~ 16.90 °C . ] L&k B Al
FRATEY 22 G0 1) AR K T B2 AR, AP 3% T e R T A
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Tab.6 The energy consumption of each components in

two cooling systems

- MR R G/ ToAR R 5/ S
(kW-h) (kW-h)
PP 10 595.0 9 147.9 -13. 64
VR IK 3 4782.0 4483.4 -6.24
PRS2 9 544.2 9 700. 6 1.64
M 10 905.0 10 850.0 -0.51
¥l 35 826.2 34 181.9 -4.59

TE AR = (TA e G (674 REFE - Hu M4 ) L8 REFE ) / M
FRST LS BEFE
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T, WEk 7 WK,
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Tab.7 The frozen water flow rate in different months

i Vel (ke/h)
6 A 5058.4
7A 7127.8
3 A 7217.8
9 A 5633.2
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Fig.4 Temperature parameter variation diagram of

variable water flow rate system
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Fig.5 Temperature parameter variation diagram of variable

water temperature system
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Tab.8 The energy consumption of two control systems

in cooling season ( Unit; kW-h)

HRAE B EER RS ARREERN RS
PR R 6515.7 6 520. 1
B 1862.7 1805.5
BRIZ IR 3471.2 3462.3
AR 2 874.4 2877.4
S 14 725.0 14 665.3

1 8 R, PR ) 2R e REFE S AR/,
AR KA ) R G A K IR REAE > 78 VK Il 5 ) R Gt
MIKIRERERE, X2 h T 728 /K i o 428 1) R G 7 T >
26 CHF, ¥ UK 2A BT, oK R REFe 2
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1) TR AR S 6 V% 2R G REAE < ARAR ST 618 R 58
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P 13 38 2 B
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REAE <A 7K e 2 il A AR ST REAE , 1 R A A 7GR T
PEi 2R, REFERLIR,
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