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Abstract
In order to explore the operation effect and energy efficiency of capillary radiation air conditioning
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systems in residential buildings in South China, a field study on the cooling characteristics of the
model room air-conditioning system was carried out, a compressor energy consumption model was
established, and EnergyPlus was used to conduct a dynamic cooling load analysis of the building
and the power consumption of the system under different operating modes was calculated. The re-
sults show that in intermittent operation mode when the water supply flow rate is 1.31 m3/h and
the water supply temperature is 16°C, the indoor temperature reaches the indoor design tempera-
ture 2 hours after the power is turned on. The time required for each 2°C increase in the water sup-
ply temperature increases by about 1 hour, and one hour after shutdown, the indoor temperature
rises by 1°C. Reducing the water supply flow has a significant impact on the indoor temperature. In
continuous operation mode, affected by outdoor temperature and solar radiation, the indoor tem-
perature ranges from 25.5°C to 27°C from 7:00 to 18:00. When the outdoor temperature does not
exceed 30°C, and there is no direct sunlight, a water supply flow rate of 0.98 m3/h and a water supply
temperature of 20°C can meet the indoor comfort requirements. From May to October, the intermit-
tent operation mode of air conditioners saves 32.06% more energy than the continuous operation
mode.
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Figure 1. Floor plan of the model house
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Table 1. Heat transfer coefficient of the envelope structure

1. BIrEERERER
Bl 4t ) FERR R WI(m?°C)
A 1.35
N 2.27
PR 2.63
MR 2.85
ShE 2.00

W TR SR RGOk, AmHES A E RN R ITHEE T RS 0.5C~1.5C [8]. #HiEmMNIEANT
N R K&, RMEHE RN PR 7 23 18 X 2550 3 B i 8 X 2 R0 DL RHT IR BT e 387 X v 1) e R AL
E[9]. mEHIEME T IHENBTHTERIEE N 26°C, MXHEE AN 60%, #HiHAEAN 250 mé/h.,
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Figure 2. Schematic diagram of the air conditioning system
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Table 2. Equipment table
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EHMIL BIUE il ¥4 2 8000 Wi e il e 8240 W B0E HilvA D)3 2470 Wi e il # D) % 2500 W
HEE BEH A 350 m3h; AUETIE 65 Wi HLAMRIE 130 Pa; KGR SR <11°C; iEXIRE 15°C~25C
TR E VA 6000 Wi 475E il PV 6180 W, SR INZE 180 W; HiE /Kif & 1.72 m3h
4. BORFFESCN o4
T 12 $[]3 [A]4 c1(015] 1116
L 0C 0C 0°C - - -
A 0% 0% 0% - - =
Uil | 0 0 0 _ _ _
T BRI 0C 0C 0C - - -
i X X 5. = = =
b ] > > 7 - - -
PR IR HEl HEl I3 5 = =
iR 0°C 0°C 0°C B - -
K & 07C @ 0% ;! Oum/m3
f~ a1k P PM2. 5 (um/m3) €02 (ppm) VOC (2 51)

Figure 3. Data collection interface
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Figure 4. Diagram of the temperature of the radiant surface under different water supply temperatures
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Figure 5. Diagram of indoor air temperature at different water supply temperatures
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Figure 6. The variation of radiant surface temperature and indoor temperature with time at 20°C water supply temperature and
different water supply flows
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Figure 7. The variation of radiant surface temperature and indoor temperature with time at 18°C water supply temperature and
different water supply flows
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Figure 8. The variation of radiant surface temperature and indoor temperature with time at 16°C water supply temperature and
different water supply flows
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Figure 9. The variation of radiant surface temperature and indoor temperature with time at different water supply temperatures
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Figure 10. The variation of indoor air temperature and radiant surface temperature over time when the
water supply temperature is 20°C and the water supply flow rate is 0.98 m/h
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Table 3. Compressor rating table

3. EHENFIEIRR

25 =% TNB220FLHMC
A 2 (W) 7130
HIATIZE(W) 2200
COP (W/W) 3.24
HRILE(C) 7.2
PEHRE(C) 54.4
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Figure 11. Under 60 Hz, the variation of the cooling capacity and input power of the compressor with changes in evaporation
temperature and condensation temperature
B 11. 60 Hz T, FEZEHHS ERIMAINEMZA L IRE KL RRE TN
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AIUA[11]:
z=a+bX +cX?+dY +eY? + XY @)
e z AEbrilvA B PR AT Z (W) X RREHREE(C): Y AZEKRIRE(C); a~f HliZ&il & R1EL,
W& REIE 4.
Table 4. Table T of fitting coefficients
4 PERBRI
B4 il B A R LIPNPIE S VR S i
a 9745.933 42 933.057 89
b —75.865 13 2.980 57
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Figure 12. Graph of cooling capacity and input power variation with frequency under
rated operating conditions
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Table 5. Table II of fitting coefficients
F 5. MERKEN

I i Bl A R AL WADR A R
a ~0.012 580 645 0.113 272 727
b 0.014 782 609 0.010 377 273
c 3.36466E-05 7.36364E-05

5.2. {REIIE

N T R R HERYE,  FERS ZE B A R A LRI VE B T IN, i B = TR, S I
K WA 6.
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Table 6. Table of comparison of compressor performance test and simulation numerical results
52 6. E4aHMERESEE SR BUERT LR

ZH ¥ v W 1 MW 2 MWt 3
RISE T 41 1.9 8.7
AR C 50.2 475 52.6

IS Hz 69 75 40
ST W 2479.07 2484.52 1479.85
SR HIA W 7682.04 9138.35 4721.36
LEPRIIES W 2406.67 2500.31 1404.01
RN ¥ B w 7827.05 8252.56 4826.95

5.3. BRI

FEAL AR ST A (A SR BN R R E . AEHRIE . iE 3 A3, MR BRI R 46
FEASTR] 206 TO0 R A B NI R A5 COP. il iR A8], 8RN, W41 F COP K 4.3,
B BGE TR, HLALE S B (T 1 h) P45 COP A 3.61, JEZAEHLLEAS F /KRR A Rz AT A R (48
HLE LK 7.

Table 7. Power consumption meters under different operating conditions

F7. FEIATHFRES

IBATRE BT H Fer i
ALK IRE 16°C 236
BELIEAT ALK E 18°C 216 &
PRI EE 20°C 18.7 %
HLKIERE 16°C 143 %
B BE AT Ht/KBEE 18°C 132 &
Ht/K B E 20°C 13.1 &

HTETAS, (R EISATRR T RE RN 29.9%~39.4% .
6. RGtHEFEIRHL
6.1. FPRGERE

EnergyPlus K FBEAL I RGN TTIE[12] . BAHE R 25 TR R G000 5 5 2= S B FUK IR B 38 47
TR BAFE SR RAE RS, KA EFEAPIRRS . S, BIE. KEF. RATA
R AR B an 1] 13 s

B E TS 758 R G HIH5 2 T (E Construction: Internal Source #itk i & P #JEZ 4L, # Source Pre-
sent after Layer Number 44550 “4”7 , LLEMEBMEMN TAERSAKABKI)Z: AP LRI
72, 7B Temperature Calculation Requested after Layer Number S35 5 i SN2 45 KIS, R CTF
A PR A A B R 4R — A% A 38 (Dimensions for the CTF Calculation), F Tube Spacing 2% [l &}y 20
mm B LR XI5 oA, RS B0 B2 AR S an ] 14 Bos .
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13. RGIFEE
Field Units | Obi1
Name | Radiant Ceiling
Source Present After Layer Number 4
Temperature Calculation Requested After Layer Numbe |4
Dimensions for the CTF Calculation |2
Tube Spacing m 0.02
Two-Dimensional Temperature Calculation Position dimensionless | 0
Dutside Layer | diban
Layer 2 | shuinishajiang
Layer 3 | 120mm gangjinhunningtu
Layer 4 plasterboard
Layer 5 | shihuishigaoshajiang

Figure 14. Internal heat source module configuration diagram
14. ARIFRRIZ E [E

Field Units [obit [obi2 [Obi3

Name keting Radiant Ceiling zhuwo Radiant Ceiling ertongfang Radiant Ceiling
Availability Schedule Mame RadiantSys Sch keting RadiantSys Sch woshi RadiantSys Sch woshi

Zone Name Keting Zone zhuwao Zone: ertongfang Zone

Surface Name or Radiant Surface Group Name Surface 21 Surface 31 Surface 24

Fluid to Radiant Surface Heat Transfer Model ConvectionOnly ConvectionDnly ConvectionOnly

Hydronic Tubing Inside Diameter m 0.0035 0.0035 0.0035

Hydronic Tubing Outside Diameter m 0.0043 0.0043 0.0043

Hydronic Tubing Length m autosize autosize autosize

Hydronic Tubing Conductivity WimK 0.4 0.4 0.4

Temperature Control Type MeanairTemperature MeandirT emperature MeandirT emperature

Setpoint Control Type HaliFlowPower HalfFlowPower HalfFlowPower

Heating Design Capacity Method HeatingDesignCapacity HeatingD esignCapacity HeatingD esignCapacity

Heating Design Capacity 4 autosize autosize autosize

Heating Design Capacity Per Floor Area Wim2

Fraction of Autosized Heating Design Capacity

Maximum Hot ‘water Flow m3/s

Heating W ater Inlet Node Name

Heating Water Outlet Node Name

Heating Control Throttling Range deltaC

Heating Control Temperature Schedule Name

Cooling Design Capacity Method CoalingD esignCapacity CoolingD esignCapacity CoolingD esignCapacity

Cooling Design Capacity W autosize autosize autosize

Coaoling Design Capacity Per Floor Area Wl dfm2

Fraction of Autosized Cooling Design Capacity

Maximum Cold water Flow m3/s autosize autosize sutosize

Cooling ‘W ater Inlet Node Name Zone keting Cooling Water Inlet Node  Zone zhuwo Cooling \Water Inlet Node  Zone ertongfang Cooling W ater Inlet Node
Cooling Water Outlet Node Name Zone keting Cooling Water Outlet Node  Zone zhuwo Cooling Water Outlet Node  Zone ertongfang Cooling Water Outlet Node
Cooling Control Throttling Range deltaC 2 2 2

Cooling Control Temperature Schedule Name RADIANT COOLING SETPOINTS RADIANT COOLING SETPOINTS RADIANT COOLING SETPOINTS
Condensation Control Type SimpleOff SimpleOtf SimpleOff

Condensation Control Dewpaint Offset (C 05 05 05 i

Figure 15. Diagram of the low-temperature radiant air conditioner module
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Field Units Obijl

| Name iAiLoop Fan

| Awailability 5chedule Name | System Sch

| Fan Total Efficiency 07

 Pressure Rise Pa 1000

| Maximum Flow Rate m3/s 10.082

 Motor Efficiency 109

 Motor In Airstream Fraction 11

 Ait Inlet Node Name | Heating Coil Dutlet
| Air Dutlet Node Name | Supply Fan Dutlet
End-Use Subcategory General

Figure 16. Air loop setup diagram
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Figure 17. Simulation results of latent heat and sensible heat load under two operating modes
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Table 8. Proportion table of latent heat load to total load
8. BRATLHDARHELEE

i ]IS 4T 2 SRR
MAARET(RW)  BHGEE(%) BRGEH%)  BAAEKRW) O BHGEE©) B (%)

5H4 962.56 38.18 61.82 1191.01 33.49 66.51
6 H 1141.96 49.81 50.19 1357.04 43.27 56.73
7H 1347.50 47.25 52.75 1545.49 40.75 59.25
8 H 1256.50 42.44 57.56 1521.82 36.93 63.07
9 A 1016.24 51.44 48.56 1175.53 45.87 54.13
10 A 615.09 44.72 55.28 779.75 44.29 55.71
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