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Applicability of heat pump air-conditioning system with
groundwater preheating fresh air

WANG Lin, HE Hui, WANG Zhanwei, SONG Zun, LIANG Kunfeng, MA Aihua
(Institute of Refrigeration and Air Conditioning, Henan University of Science and Technology, Luoyang 471003, Henan, China)

Abstract: The traditional groundwater source heat pump air conditioning system directly uses groundwater to heat
the evaporator of the heat pump unit, and the low-grade thermal energy stored in the groundwater is not effectively
utilized. Given those problems, a novel groundwater source heat pump air-conditioning system preheating fresh air
with groundwater was proposed. The primary feature of the presented system is the cascade utilization of
low-grade energy, namely the novel system preheats fresh air by groundwater at first, then the groundwater is
recycled by the heat pump unit for the secondary utilization, which is beneficial to improve the utilization rate of
low-grade thermal energy of groundwater and remarkably save energy consumption of heat pump unit. The
operational principle of the novel system and air treatment method in the heating mode was analyzed and the
hourly heat loads of an academic communication center in the whole heating season (120 days) in four selected
typical cities (Wuhan, Changde, Beijing, Zhengzhou) was simulated with DeST, moreover, a comparative study on
heating characteristic and energy consumption between the novel system and conventional groundwater source
heat pump air-conditioning was conducted. The results showed that the energy consumption of the novel
underground water source heat pump air conditioning system is much lower than that of the conventional
groundwater source heat pump air conditioning system. The innovative groundwater source heat pump air

conditioning system is preferred for hot summer and cold winter area and cold region in China. Moreover, the

2018-10-09 W EIHTAa, 2018-10-29 Y EE TR - Received date: 2018-10-09.

BRARE—EE: T/ (19735, 5, #idz. Corresponding author: Prof. WANG Lin, wlhaust@163.com

EEWH: EXEHARFEEIH (51641604); FFA @%F R E Foundation item: supported by the National Natural Science Foundation
FBMITIE T RI(15A480001). of China (51641604) and the Henan Provincial Higher Education Key

Research Project Plan (15A480001).



o 486 * W T

¥4k

69 %5

energy saving rate is more than 50% in each region, and it should be noted that the energy saving effect is better in

hot summer and cold winter area than cold region.

Key words: groundwater heat pump; fresh air preheater; groundwater temperature; renewable energy;

thermodynamics process; numerical simulation; energy consumption
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Fig.1 Diagram of hybrid ground source heat pump

Tz B R AR IR AR 2 RS DAL
2, AR INE 2 s, AN E el
BRI MOBT IR 5L W IR ERAS 5 W e,
PFRERE RN NARGENREESTVRE
sCH, RS AUH BR & 2 AR NS NSRRI
W& Hy, RFIRES S H RS SR E 55
IHEEREXIRES /LS, fJa, LIRS A
S M HRBUENE A, WAL b3 E) AR
SEMEER

2 HFER

ATEACRE, R R R O R KIREEA
Bt T KRR B AT R A AR, e IEE ;
QFIEHUAI T A R LA



% S2. 1

www.hgxb.com.cn

- 487

K2 AF i
Fig.2 Winter air treatment process
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Fig.3 Thermodynamic calculation program
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Tablel Design parameters

Technical parameter Design value

radiator area per row /m” 12.15

frontal area /m’ 0.944

water cut area /m’ 0.00407
number of rows 6

structure size /mm 776x1030x459
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Table2 System state parameters

Thermal parameter New unit Traditional unit
outdoor air temperature /'C 0.9 0.9
fresh air moisture content / (g/kg) 2.41 2.41
inlet temperature of heater for air handling unit /"C 17.85 14.30
outlet temperature of heater for air handling unit /'C 26.86 30.00
humidifying capacity of air handling unit / (kg/h) 3.86 3.86
groundwater temperature /°C 16 16
groundwater recharge temperature/C 12.75 12.98
inlet temperature of fresh air preheater /°C 0.9 —
groundwater outlet temperature of fresh air preheater /C 14.31 —
outlet temperature of fresh air preheater /C 11.93 —
hot water inlet temperature of heat pump unit /'C 45 45
hot water outlet temperature of heat pump unit /'C 50 50
evaporation temperature of heat pump unit /'C 9.31 11
evaporation pressure of heat pump unit /kPa 405.14 428.63
heat absorption of evaporator of heat pump unit /kW 40.12 77.16
condensing temperature of heat pump unit /C 55 55
condensing pressure of heat pump unit /kPa 1491.51 1491.51
heat release of condenser of heat pump unit /kW 53.70 101.95
compressor power of heat pump unit /kW 13.50 24.79
heat production of heat pump unit /kW 53.70 101.95
Ccop 3.95 4.11
building total heat load /kW 101.95 101.95
heat load born by air preheater kW 48.25 —
heat load born by heat pump unit /kW 53.70 101.95
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