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Heat Exchanger Design of a Heat Pump System Using
the Heated Effluent of Thermal Power Generation Plant
as a Heat Source for Greenhouse Heating

Young Sun Ryou*, Youn Ku Kang, Jae Kyung Jang, Young Hwa Kim,
Jong Goo Kim, and Geum Chun Kang
Dept. of Energy & Environmental Eng., National Academy of Agricultural Science

Abstract. This study was carried out in order to determine the optimum length of a roll type PE pipe heat
exchanger employed in the water-to-water heat pump system using the waste heat of the heated effluent
flowed out from thermal power generation plants as a heat source. And the heat pump system of 30 RT for
an experimenta test was designed and manufactured. And also PE pipes were employed to recover the
waste heat from the heated effluent. The inside diameter of PE pipe heat exchanger was 20 mm, the thick-
ness was 2 mm and the diameter of aroll was 1,000 mm. And from the results of this study, we found that
the optimum length of PE pipe heat exchanger was 75 m per the heat pump capacity of 1.0 RT (3.51 kW)
and then the heating COP of heat pump system was 3.8.
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Table 1. The gross generation and the heated effluent out-
flow of each power station in 2008 (EPSIS).

Yearly gross  Hested effluent

Power getion generation outflow
(TWh)  (x 107 billion ton)
West Incheon 88 46
Incheon 0.3 22
New Incheon 122 87
Posco Incheon 24 19
Youngheung nz 174
West  Pyeongtaek 49 59
coast  GSBugok 30 18
Dangjin 35 25
Taean 238 26.2
Boryung 234 391
Seocheon 19 24
Younggwang 50 74.6
Pusan 10.7 75
Geori 258 446
Ulsan 54 134
Exst Youngnam 0.7 23
ot Wolseung 238 47.2
Posco, Pohang 54 70
Uljin 492 60.8
Donghee 22 39
Youngdong 16 17
Yeosu 14 23
Honam 37 6.3
Gwangyang 32 12.6
i‘g‘ Yulchon 23 24
2 Posco, Gwangyang 84 86
JHu Hadong 234 24.3
Samcheonpo 245 274
Jgu 10 21
South Jgu 03 03
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Table 2. Regional generation capacity, yearly gross generation and operation rate in 2010 (EPSIS).

Region Generation capacity (kW) Yearly gross generation (MWh) Yearly operation rate (%)
Seoul 464,960 1,546,123 38.0
Pusan 4,968,203 40,885,523 93.9
Taegu 130,067 146,950 129
Incheon 10,688,330 62,767,223 67.0
Gwangju 10,252 37,852 421
Dagjeon 91,565 195,645 24.4
Ulsan 3,402,988 10,149,654 34.0
Gyeonggi 6,124,721 22,203,575 414
Gwangwon 3,250,307 8,935,162 314
Chungbuk 585,322 1,150,328 22.4
Chungnam 16,159,027 118,271,671 83.6
Chonbuk 1,744,466 4,294,870 28.1
Chonnam 9,090,849 68,152,725 85.6
Kyungbuk 9,780,626 70,621,572 824
Kyungnam 8,744,719 62,567,627 817
Jgju 841,785 2,733,70 371
Total 76,078,187 474,660,206 71.2

Fig. 1. Power generation plant and greenhouse in South

Jgju.
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Fig. 2. Schematic diagram of a water-to-water heat pump system with PE pipe heat exchanger.
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Table 3. Design factors to determine maximum greenhouse heating load.

Average temp. of heated Lowest Greenhouse  Greenhouse Heating load Maximum heating
effluent during winter outside set temp. heating per unit area load of experimental
season (°C) air temp. (°C) (°C) area (m?) (W/m?) greenhouse (kW)
20.0 5.0 20.0 5,280 79 417

3 Heat Pump Capacity: 417 kW = 118.8 RT =120 RT (1.0 RT = 3,51 kW).

Table 4. Heating and cooling capacity and power consumption of heat pump system.

Hesting mode Cooling mode
Hesat pump - - - X
capacity (RT) Capacity Power consumption Capacity Power consumption Remarks
(kcal/h) (KW) (kcal/h) (KW)
30 133,042 33.2 88,580 224 30RT*1
40 176,644 4.4 116,616 29.6 20RT*2
50 217,064 554 144,480 37.6 25RT*2

Table 5. Determination of water flow rate and pump power of heat pump system at 5.0°C difference of inlet and outlet water
temperature passing through evaporator & condenser.

Evaporator Condenser
Heat pump
capacity (RT) Water flow rate Head Pump power Water flow rate Head Pump power
(LPM) (m) (kw) (LPM) (m) (kw)
30 359.5 23 2.67 4435 13 1.86
40 473.6 23 3.52 588.8 13 247
50 589.4 23 4.38 7235 13 3.04
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Fig. 3. Design of PE pipe heat exchanger.

=3 WA 20mm, FAI7F 2mmel PE Ho]ZE
Roll FE|2 ARk 749 WHEgle] o] 7t
Rolle] HAZA7L 1,000mmA3.oH, PESfo)= o] g7
DA} Zolol| W tFS} 5 wEsle] Ve
Roll&- 100mz 319331, & 30742] RollS Alalslle.
o, Alabe vjolaze] FAdol= 3,000m3itt. ojeh 2
AA7ES 7L Fig. 304 B vk} o] gt
718 ARste] Wi g HEA RS

PE o] HAwghr]e] ZolE 1,600mel|A4] 2,800m
7HA] WSAA 7P 87158 Skl ErilA &)
S =A% A7 Fg 4914 BE upel 7o)
6,420L/hel|l 4] 10,000L/W71A] 2d2%1 ¥sks Hejo

10200

10000

©
2
3
3

9500

9000
9000

8430
8400

7820,
7800

7200 9150

Water flowrate of evaporatror (L/h)

@
a
3
3

6420

6000
1400 1600 1800 2000 2200 2400 2600 2800 3000
Length of PE pipe heat exchanger (m)

Fig. 4. Variation of evaporator water flow rate according to
the length of PE pipe heat exchanger.
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