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Abstract

In this paper, a simplified finned water supply pipe radiation floor model is proposed based on the
finned efficiency method. Comparing the calculated results with the experimental data, the root-
mean-square errors of the upper surface temperature, lower surface temperature and outlet wa-
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ter temperature of the model are 0.03°C, 0.36°C and 0.08°C respectively, which verifies the accura-
cy of the model. Based on this simplified model, TRNSYS was used to build a simulation platform of
air source heat pump air-conditioning system for a residential building in Hangzhou. The ener-
gy-saving performance of the radiant floor in intermittent operation was analyzed on the plat-
form. The results show that the total energy consumption of the air-conditioning system is re-
duced by 18.64%, COP of the air source heat pump is increased by 0.065, and the response time of
the floor is increased by 57.1%.

Keywords
Finned Efficiency Method, TRNSYS, Radiant Floor, Intermittent Operation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5l8

ITAER,  HuAR 8 S (LI 2R SRRk RS2 1 9 3 G, AV E AT T4 T S A a7 @t . Bsoe R R
VR . HOARER S R IE RS 5 OKBHAE . HIFARE . XUAESE AT AR REURBEARAHSE &, W] DA — X R R ) A
FARIVEFE, TR REVRALEE, PRACHUNR 4R SRR RGNS AT A

TEHB ARSI R I RIS TR, TR B AR i B A BRI BB, A% e TR0 fg 42 7
TIEA R 2= N IR AR AR G 725 TR DU s 2 25 RGBT IE 2R . Joe BF[1]51 N 1 28 A5 AL Foill 42 o) (1) 4 i
BTG, DMK B GRS AR R G T e, e KRR 2 PR AR RERE A RS A o R AL A S B (10 4 o 7
b, TR B IR LA PR 25 S AHAR M KL, TT DU RS S A # i fur, I FH BN B AR 2 X AH AR 44 )
BWNEL, BEARGRETE, HALM B =R EFRE, AMRMETIEMEELF[2]. Chen S5[3]& 7 T 5
PR LAY, R A2 S S B S0 UE 7 A B e e, T8 4 5Ilig 4T PID #1 MPC #%
il SR, LB 45 AL B MPC #5148 AH B T~ PID #2125 R AR B FE 14.9%, #2502 IR FAZE HE 2 Lk COP24.5%,
bR e S B[]k 2L 56%. T VR T S R v A Tk REROAIE 7 Al b, BN A H R o DL S 2 45 1
P i B2 AR ROy FEE H ). Ma SE[A]B0E Ty 3 (KSR TR AR S AR, 2B R T
IRIREE IR, BERWEREA R OL N B ERRSE T 2 i,

SR, AE 5 B R ST IR ARSI ARk S5 s i 2 = N TR AGE, BT B RS
REFESFHN A 2R o ASCHE 7 —Fh AR D P AR A B I 45 S UM ML X FEAE B 3, Wit 7T —%&
TWRG, ZHAR TR N R = N ERE T TR .

2. HhiRiERY
2.1. iR

SO SR BT AL RS B0 2 B0 IR ek A% Lo BB B A5 Mk RS O Pk FH 7V (5] B S ety (B
FEIE, TS AT A, EOSUET, EASEhR A . LN AR b T e, 4 R AR
B, R — R AT
2.1.1. BhE%EE

TE— B AR SRR D, KRR 5 R BERIEE 2 W O 3G TR B S R . LK

DOI: 10.12677/mo0s.2023.123282 3064 e RSE TR


https://doi.org/10.12677/mos.2023.123282
http://creativecommons.org/licenses/by/4.0/

K %

BZ AL MBAR R IR EE 8, (OKEERS R 5 A B R A d e, RABE A Rk, R
RH A B PR A I L B R IR . R, (K B 5 R R G L 1 — e e S R aT Ut oy —
UL IR

KA BRZEE PR RS LR 2RI N2 EAE IR R . B MRE LR R AELE AR Bk, 7
B AR RZ AR . FOBEREmM R)EEAUKEESME, 1T m-1ZMm+1 /R0, Tm-1,
Tm. Tm+ 1 735055 2 N BRI .

BB RE 7 AW EL Sy L BEIAE BB m - LR AL B R T m o+ 1R . e
DENZ LA RE T, R AR MR RS BRI A . R, LRI R R R T,
FEAZHCAR T, R B HE T EA LR A TRl RE . B I R B A rh O i R TR AR
ffedh. - THARERAFEEENTOENZ TEHE m + VRMERERE, XA R T8
B “BAEm A IR .

2.1.2. RS
N T RAGZ A B E TR R, e — IR RS, A AME S I K LR R
JEEEARSE, HARSIMAOKEET AR 2, RFRIZORERNILERASMAZ, NEHX SRR
ARSI B NSE, LB ROl R R LR SN I A K Ao T P8 JR UL A 552 B i o2 AN I B
SRR I BOKE R OIREZAE V4 B IRERAL, W PR AN & 12 4o fET A SH#AZ BT,
R ER B [ (10 AR E BT RIE SR 2RO IR P R AN S5 B e e Al A
IS B L FE AL S A e, L 1

L/4

@ (0)

Figure 1. Thermal resistance diagram of ribbed water supply pipe: (&) Thermal group diagram; (b) Detailed drawings of
finned pipe dimensions
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Figure 2. Schematic diagram of thermal resistance of ordinary floor: (a) Thermal group diagram; (b) Detailed drawings of
hypothetical pipe dimensions
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Figure 3. Comparison of calculation results of radiant floor state parameters: (a) Upper surface temperature; (b) Lower sur-
face temperature; (c) Outlet water temperature
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Figure 4. 3D model of residential building
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Figure 5. TRNSYS air-conditioning system diagram
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Figure 6. Temperature change of radiant floor: (a) Ordinary floor; (b) Ribbed water supply floor
6. BETHINEITERRETX: (a) Zi@HiR; (b) MEHHKER

Rt gE A, N5 I R AR 18°C + ICILE NIk Bh, B 2 N T IE R
FEN G AT, ADoK & HOBRZ 47 R =5 R L @ AR P 347 0.5°C, MifEHARAN B 4TI, i T
JUrHh AR & P RO A R 22, G = P IR B FE LU A I M AR 2R A s 0T . = AL RS BN D Al B
Fase, JFH=IRE R, RGN REFEE L. B 1 H 6 H 0 fE 24 fUhn s R 5 5E M bk = i
BERE, DL 7. HERTAL, A AR T DRt L = P iR R A W AR, M S R 30 min, T
T AR H T e S R A, R AN B i TR T 2036 IR R s TR R v R[]y 70 miin
A U R LY 38 AR i B2 198D T 57.1% 4 47

2) RGREFENHT

B T4 St AR AT ZE H A 2 (RIS JE RO DG PAT, S B 7 2 P9 (A 5 SR I AR 9 5 0  F BlI 1
&, A ERNE, WETEE IR BSRIERIEHU N R TE S FOKFE KA RETH 2 5 IR AR K 2SR
XK FERKIEAT I I 5 10N G342 [R]85 SR S R 5 ). #04e vt 240 h 3847 8 1 P9 (0 FAGR LA
REFE, FRATHURBLINR G RERE, MR EHIE, 4RI 8.

EHTE 25 SR, RSO S0 P I bR () PG R RE LU 730 M bR (1 AT RERE /D 74.06 MJ, IR REHE IR
23.23%; HRITHIAR RG0S AEFE NI bR L AR /> 81.08 MU, SLREREFFAIK 18.64%: T HLAH il FAE T
HUBAE BT 5@ AR A 228.15 MJ, s il HGE FRAE 21.73%. SR1T, ATEHLALRERE K Hil AR PR AR IR AE L
W RGOS AT RO BT . HRYE COP 15w S, 15 H oy b bR R 5 3 AR R G5 B R A ML AL COP 43311 A
3.359 I 3.294, HUIIMIHbAR RGEHIHIENLLL COP #25 1 0.065, HIEHIPETLF . o b 1%

DOI: 10.12677/mos.2023.123282 3070 e RSE TR


https://doi.org/10.12677/mos.2023.123282

K %

R

0:00 2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
ibgly

Figure 7. Comparison of room temperature changes (January 5)
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Figure 8. Energy consumption and heat yield of air conditioning system (January 1~January 10)
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