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A Study on Optimum Design Condition for
“HEAT PUMP” System in Kroea
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This paper presents, the result of the study for the fluctuant temperature of
the out-side air adopting the heat pump system in seoul, Taejean, Taegu, Busan
and Jejeu among principle cities in korea for the purpose of checking the heating
capacity, Heat pump capacity (outlet capacity), Coefficient of performance and run-
ning cost in comparison with the supporting the energy for the boiler’s operation.

According to the supply temperature changes of the out door coil by the out
side air-return air mixing ratio, the Coefficient of performance is increased from
3.1 to 5.0. Particularly, in Taegu, it is necessary to adopt the heat pump system
against the supplement heat supply on the full outside air intake in January of
the heating period, and it was recognized that the running cost is cheaper than
that of the Boiler use.

At the same time, if it is able to get 25% of return air of the inside in the
Seoul, it could be saved its costs when we use the supplementary boiler, And I
think it is necessary to the development.
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Table 1, Heat performance of the selected Heat pump system.

% 753 : & ‘7J< H ] i) ;4

g z% 45°C 47°C 49°C

DB % HAEEE | 4 F|SASLTF | ADFE |5 % | eA4F | ALY |4 3| eA4F

C| °C|keal / hr | ¢/min| MH,O ‘| kcal /hr|¢/mim| mH,O |kcal/ hr |#¢/min| mH,O
3 - 790 2.5 763 2.4 736 2.2

—5| 4 | 142190 | 592 14 | 137,360 | 572 1.3 | 132,420 | 552 1.2
5 474 | 0.9 458 | 08 | 41| 08
3 943 3.6 911 3.4 879 3.1

0| 4]169700]| 707 20 | 164,000| 683 1.9 | 158210 | 659 1.7
5 566 1.3 547 | 1.2 527 11
3 1,087 48 1,052 45 1,016 42

5141195740 | 816 27 | 189,330 | 789 25 | 182,880 | 762 33
5 652 1.7 631 1.6 610 1.5
3 1,144 5.4 1,108'| 50 [1om 4.7

7| 4| 206000| 858 30 | 199360 | 831 28 | 192700 | 803 2.6
5 687 1.9 665 1.8 642 1.7
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Table 2, Heating performance in the case

2.3 Fan Coil Unit of hot water supply (kcal /hr)

—fmez BEM(A, H, U, Unit heater, NTFEE| o000 | a5°c | 47°C | 49°C
Radiator )9] 1%k coil 8 A¥see ®AR _FF :
B a1 $85uke] B3 RBAHEr 2w 5€/min| 6,900 2,800 3,050 [ 3,280

A —ges e4dy HAANAE 80° ~ 70 10 #/min| 8560 | 3480| 3,770 | 4,060
‘CR Hstsls A7 B fA%h coil AHEIER 15€/min| 9,260 | 3,770 4,090 | 4,400
EEr 10°C A=/ Beh 20 £/min| 9,500 | 3,870 4,190 | 4,500

2827 Heat pump FERME BER 95 ¢/min | 9,740 | 3,960| 4,290 4,620
Saexdt EREA 97 Wl o W
oA AT EKEES AASE o] EEF  Table3, Number of Fan coil unit
Aok,

Fig.2 %+ Fan coil unit & #ES AQDE
BE Y BREE 23 £u9 Bld o&
BB S RRT Aolth

=

5

80°C | 45°C | 47°C | 49°C

5¢/min| 261 64.3 59.0 54.9
10 6/min| 21.0 51.7 47.8 44.3
15€/min| 194 47.8 44.0 40.9

e ———————— 20 6/min| 190 | 465 | 430 | 400
‘ ——— 25¢/min| 185 | 455 | 420 | 390
o ]
< — , 1 Table 2 9 Table 3& Fan coil unitel
$ - e B7hx] #4600 CFM & ##stel stig
2 va ] Zol™ Table 29 Table 3o A FRsHE vhet
§ A e : ol AFKES Bitel ket 9% U B
i — ; 7t BiLEe A ¢ 4 vk
'.E ~/}/{’é}/ _ — E Bl Heat pump & #HAE W+ Fan coil
3 = o ] E unit & EHl Boiler & FHT wWrcot 2F
o e e e 5 UE RESA Hoivh webd oo Ae B
= ' : 3 o e WS HIEE A3 A

BiME =& . 39=(Cf.Boiler AR 198)
F& : 600CFM

Heating capacity Q =F XAt BIE . 65W
At=entering water temp(’C)—entering air temp (°C) W7 © 4,620 keal / hr

Heater internal water wlume(L) t/min

Fig. 2, F.C.U, heating capacity curve K& : 25 £/min

Fig. 20| #3] Boiler /A 80°C BK& 3. System 2| L&
54 % W e} Heat pump (FAK BAKALD &

o2

BEMILe| K Fan coil unit ) ME B A 3-1 BEMEMENY Heat pumps) 28
2 2 180,000kcal /hr & TEAN BT E By BEFREREL AEEE W=t
& H#E3 < Table 2. ¥ Table 3.9F &+t o 42 @AETZ Heat pumpd FEL it
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Table 4, Locat mean atmospheric temperature,

B °C

0 qul ¥ 1 2 3 4 5 6 7 8 9 10 11 12 | #H+
A& 2.0] 36| 98| 17.0| 226| 26.5| 288/ 29.0}255 | 19.7| 11.3| 3.8| 16.6

- |aA 28] 50 109|184 233|269 294 297|257 | 201|122 5.3 17.5
#H L v 31! 67123 19.2| 245) 27.9| 30.3| 30.6|265 | 21.4| 13.9] 7.2| 188
7 & | #4 7.3 85| 125 17.0( 21.2| 236| 27.1| 286|258 | 21.7| 155 9.7] 182
A = 84| 871120 17.2] 21.0| 24.4| 28.6| 293|254 | 21.0| 155] 10.6] 185

A& |—57|—-44| 05| 69| 121! 175]| 21.7] 21.6| 165 95| 27(-39] 79

HE A | —-60|—-47|-03| 62| 11.3| 19.0 | 21.8| 21.4| 155 79| 15|—44| 74
A o | —44|-33| 15| 7.4 122 177|220 21.9{164| 95| 32|—29] 84
A& |24 |-05| 02 42| 95| 138|177 21.8| 227/189 | 13.7| 7.3| 14| 109
A 5 30 27| 49| 93| 131] 177|226 231191 | 150, 90| 46| 120

ZABAN 71~ 80 HME 2AARS] HFEAY

v, & #E AR BERERE
Table 5. Monthly local heating capacity
BENT P keal / hr

B 4 e | 0w oA W F | ¥ & | oA F
A |
1 163,000 166,000 155,000 128, 000 111,000
2 155,000 157,000 148,000 124,000 112,000
3 123,000 126,000 115,000 98,000 95,000
4 83,000 86,000 81,000 65,000 66, QOO
10 65,000 75,000 65,000 40,000 30,000
11 112,000 115,000 105,000 78,000 69,000
12 152,000 155,000 145,000 116,000 96, 000
Table 5& Table 404 FHRIERA vl YEFTARE Fig. 3¢ BRael i 49,
1981 & 12H — 309 — ERAN - WHEIE w1045 B4
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oh, BH coil N HHEEE : Outside air ¢ Return air & B&ozA HEY A,
Table 6, Outside air -return air mixture temperatures

B °C
E | 0.A R.A 0.A R.A 0.A R.A 0.A R.A 0A  RA
1 100%+ 0 % 75 % + 25 % 50 %+ 50 % 25 % + 75 % 0%+ 100 %
g/"IFHFH—‘F—XHHVHﬂi-‘?—ﬂl*‘\qlﬂ!%ﬂl/“lﬂiﬂi—“i-ﬂ]ﬂﬂ{'tﬂ—‘?-ﬂl
EU—%Zd_%*&—’f—%z\i:s’-/el-’n‘—%ﬂ%*&—’f——%xd%*\l—’f——%xd:n‘*‘l%‘-
1 |-5.71-6.0(-4.4|-05|3.0{ 07| 1.0] 1.7| 46| 7.2| 7.2| 7.0 | 7.8} 9.8|115(13.6{13.5{13.9{14.8|16.7| 2.0 | 2.0 2.6 20120
2 |-44/-4.7|-331-0.2| 271 1.7| 1.4| 25| 5.1|7.0| 78| 7.7 | 8.4(10.1|11.4|13.9/13.8/14.1|15.0{15.6| 2.0 | 2.0 2.0} 20|20
3 105/-03| 1.5| 4.2/ 4.9!53| 47| 6.1} 8.1 86{10.3 '9.9 10.812.1]12.5/15.1{14.9/15.3(16.0/16.2| 20| 2.0| 20| 2.0] 2.0
4 |69 62 7.4 95| 9.3110.1| 9.6{10.5{12.1111.9{13.5 13.1 {13.7(14.8| 14.7|16.7|16.5]16.8{17.3 17.2‘ 201201 20] 20|20
10 | 95| 7.9] 9.5/13.7/15.0{12.1110.9| 12.1{15.2(16.2 |14.8 [14.0 |14.8(16.9] 17.5{17.3|16.9{17.3|18.4|{18.7| 2.0| 2.0| 20| 20| 2.0
11 271 15| 321 7.3/ 90| 7.0] 6.1| 7.4{10.4[11.7|11.4 [10.8 [{11.6(13.7{ 14.5{15.6/15.3|15.8{16.8{17.2| 20| 2.0| 2.0} 2.0{ 2.0
12 |-39/-44|-29] 1.4| 46| 20| 1.7] 28| 6.0| 8.4| 8.1 7.8 8.6/10.7| 12.3]14.0/13.914.2[15.3| 16.1| 2.0] 2.0| 20| 2.0} 2.0
{8 :0.A : Outside air
R.A : Return air
g, #tAREY =2 Heat pump® AR
Table 7. Heat pump capacities due to supply air temperatures
SN 1,000 keal / hr
= 0.A R.A O.A R.A 0.A R.A 0.A R.A 0.A R.A
ix 100% + 0% 75 %+ 25 % 50 % + 50 % 25 %+ 75 % 0%+ 100 %
BN |[Ald|a|3]A[A ||| FA]A || A ]F[A (A |[A] | A A H A A
g\e | Al F |4 Fle | |F |4 TR F|AIFI2|A|F|A|F (AT AT
1 1138|135(145|165|185] 172|175 179|195 209 | 209{206| 212 223} 232 | 245 244 247 {250 {256 | 280 |280| 280 | 280|280
2 1145|142 150|167|183| 179]176| 181|200 [206 | 212|211} 215|226 | 231 | 247|246 | 249 |251 | 255 | 280 | 280| 280 | 280|280
3 1171 1167]176(1901 197 198|196 | 201 | 213 |216| 226|224 | 227|235 238 | 251|249} 253 |257 | 259 | 280 | 280 | 280 | 280|280
4 (2042021211221 |219| 226|222 | 228 | 235 (234 | 244|241} 246|250 | 250 | 260 |258| 260 {263 | 262 | 280 | 280 280 | 280|280
10 (2222131221 |246{ 251 | 235{ 226 {235 | 251 259 | 250 [249| 250{ 261 | 265 | 263|261 263 |268 | 267 | 280 | 280| 280 280|280
11 (1811761 186|212 (2201 206|201 | 211 | 228 |233 | 231221 233|246 | 249 | 255 [253| 256 1260 | 262 | 280 | 280 | 280 | 280|280
12 144 | 145151 |175]|195| 181|179 | 184 {200 (215 | 213 |212| 216 226 | 237 | 249 |248 | 250 |253 | 258 | 280 2801280 | 2801280
Table 7& 4 coil & HtAZEES] BEC o8 Heat pump FE-& WEpE Aolvh (Fig, 3¢ R
Journal of the S.A.R.E. K. Vol,10, No,4 — 310 — Dec.1981
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Table 7% Heat pump o TR
: Heat pump B WHEEBN(64.4kw)

64.4 kw x 860 kcal kw -hr= 55384 kcal/ hr

Table 8. Cofficient of performance of heat pump

= 0.A R.A 0.A R. A 0.A R.A 0.A R.A O.A R.A
5 100 %+ 0 % 75 % + 25 % 50 % + 50 % 25% + 75 % 0% + 100 %

R Al lalE A A || A{A R FA AW A A WA
A\ e|A|F || 2 |RA|F|A F||R|FI2| TR |F|A|F&d T+ ! A |5
1 125124126130{33(3.1(32|32|35[38]|38(38(38{40[42|44/44|44]|45|46|50/|50(50]5.0)50
2 126126(27130{33/32|32[33{36|37|38(38(39|41(42|45]44|45|45|46|50]50]50]|50 5.0
3 131(30{32134(36.36|36[36|36[37|37|41|41|4.1[42|43}45]4.6|46]47]50/50 50| 5.0} 50
4 137136(38|4.0(40(41[40]41(42]42]44|44|44}47)45|47|47|47]47|47|50|50|50¢50]50
10 [40(39(40|44]45|42|41)42{45| 47| 45|45{45|47(48|47|4.7|4.7|48(48|50({50|50/ 50 5.0
11 133132(34|38(40(37136|38|41{42|42(41|42]|44144] 46|46 4.6|4.7/47|50|50|50( 50|50
12 126|26(27132135(3.3|32|33[36|39]|38|38|39]41|41|45]45]|45|46(47]50{50{50]50 5.0

Table 89 EHMEEE = Heat pump unit B BWEBHN Jebd Zolw HEEMLAl met
BRG] R/ %5 ESE 1F PHES BHEstd ohg Table 99 vk
Table 9. Average values of coefficient of performance
0.A R.A 0.A R.A 0.A R.A 0.A R.A 0.A R.A
* 100 %+ 0 % 75 % + 25 % 50 % + 50 % 25% + 75 % 0 % + 100 %
.
i@’ﬂ“ﬂﬂi—‘?—ﬂlﬂmm—‘?—ﬂlﬂmm%ﬂlﬁ By | A A (A A
clA|F AT A|F| A F|E|H|F|A|F| A TF|AF|E (A |FIA|F
COP
3,111 3.04/3.20/3.54 | 3.74/ 3.60{3.56 | 3.64/3.87{4.03 |4.03]4.07|4.11 | 4.30{4.34/4.53 |4.54 |4.57]4.63|4.69| 5.0 |5.0|5.0 | 50 | 5.0
LlE A B ulel o] MEEEE 304 ~50024 HHAEE BEE Eolt zlol Heat
pump system FEfol 714 A¥¢de ¢ + Uk
19814 128 —311- TRFN-BOHTE 105 B4
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Table 10, Comparison of Boiler system equipments amount with the heat pump
equipments amount,
714 BAR 81 W 11¥€%

Boiler system Heat pump system
5 i % &
s3] ¥% B B ® R OB B B® %
Chiller 60R/T 1 9,900,000
Boiler 0.5 Ton 1 5,140,000
Qil Burner 1/2 P 1 275,000
Heat Exchanger |{180000kcal/hr| 1 750,000
Cooling Tower 60 R/T 1 1,320,000
Heat pump 80R/T | 1| 20,790,000 | 13441714
F.C.U 600 CFM 19 3,762,000 600 CFM |39 7,122,000
Pump(cooling) [80¢X 7.5 F | 1 487,000
Pump (chilled) ” 1 487,000| 80 ¢ X 7.51P| 1 487,000
Pump(B.feed w) | 50¢ X 7.5 P 1 715,000
» (0il Gear) 25¢x 1 1P 1 200,000
Tank(Receiver) 0.5 Ton 1 120,000
Qil Storage "5 Ton 1 800,000
B-C Oil Service | 0.2 Ton 1] 100,000
Pipe ¥ s 22,000,000 19,500,000
Total 46,056,000 48,499,000

fERk el 2loiA+E Table 1091 vehd A3

REEste 1| EEKRES 10 e = S

Zro] Heat pump {H&cl SHES A ({Higol
D2 @EEAAM #M{EE Kol Boiler system

BE =3 BREHMERE Hif] sRu % &
He AEN ARE BHSER WA ez

2o lREE AR Ao #EIc 3t BREHEARS EARR: BiHste Aoz
B ek
4.2 ;
e 7k 19 ERRE
wHERKY EBEs BHT RER B A Table 11 #=,

Journal of the S¢A.R, E.K, Vol.10, No,4 —-312— Dec. 1981



Table 11, Running Times

BAL . hr
= 5 Bl 1 2 3 4 10 11 12
A & (2910 12 10 7.2 4.1 3.0 62 [1010
O.A RA |W A[4810 18 10 7.6 43 3.5 65 |1210
B 31210 99 6.5 3.8 3.0 5.7 9.6
100%+0% |+ 4| 178 74 5.2 2.9 1.6 3.7 6.6
A | 60 6.1 48 3.0 1.2 3.1 4.9
A &| 95 87 6.2 3.7 2.8 5.5 8.4
O.A RA |W A| 95 89 6.4 3.9 3.3 5.6 8.7
B ¥ 87 82 5.7 3.6 2.8 5.0 7.9
75% +25% | %+ 4| 6.6 6.2 46 2.8 1.6 3.4 5.8
A F| 53 54 4.4 2.8 1.2 3.0 4.5
A g| 18 7.3 5.4 3.4 2.6 4.9 7.1
O.A RA |W A| 81 74 5.6 3.6 3.0 5.1 7.3
o T 7.3 69 5.1 3.3 2.6 4.5 6.7
50%+50%| % A| 57 55 42 2.6 1.5 3.2 5.1
A =1 48 49 4.0 2.6 11 2.8 4.1
A &l 67 63 49 3.2 2.5 4.4 6.1
OA RA W #A| 68 6.4 5.1 3.3 2.9 4.6 6.3
9 T 6.3 5.9 4.6 31 2.5 4.1 5.8
25%+15%| % A& | 51 49 3.8 2.5 1.5 3.0 46
A F| 43 44 3.7 2.5 1.1 2.6 3.7
A &| 58 55 44 3.0 2.3 4.0 5.4
OA RA|®™ #| 59 56 45 3.1 2.7 41 5.5
W F| 55 53 41 2.9 2.3 3.8 5.2
0%+ 100%| % 4| 46 44 3.5 2.3 1.4 2.9 4.1
A F| 40 40 3.4 2.4 1.1 2.5 3.4
A | 91 86 6.8 46 3.6 6.2 8.4
oAl 92 8.7 7.0 48 4.2 6.4 8.6
Boiler B 3| 86 8.2 6.4 45 3.6 5.8 8.1
= ol 71 6.9 5.4 3.6 2.2 43 6.4
A F| 62 6.2 5.3 3.7 1.7 3.8 53
O.A : Outside Air
R.A I Return Air
BEMEHRE
X1 UERARE = ————— X 10 hr 22 3td Hedd-s,
Bazel AR

O =7+ MAEREEY BARE(kw)olth
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Table 12, Gross Running Times

B hr
0.A R.A 0.A R.A 0.A R.O
100% + 0 % 75 %+ 25 % 50 % + 50 %
A o oA A 2 0| A A = 1= I S )
g|lAalF|alzr|e|anls|a|x|e|r|F a3
2 A1 74| 1523.211568.11 1464.3| 1062.4] 877.7 | 1353.5/1393.5| 1265.7| 936.2| 802.6| 1163.3|1201.1{ 1099.9| 839.5| 733.2
C e ¢ 2 olc 4

l |
(15350 kw) ‘ (3720kw)

(23640 kw)
O.A R.A 0.A R.A Boiler
25 % + 75 % 0%+ 100 %
A o o 2 A A o o 5 A A = 2} * )
& A T At = e A = At & £ A T A | &
2212H1030.6 | 1070.3| 976.4) 767.2] 673 ] 918.9| 949.4| 879.5] 700.8| 627.9| 149.7(1470.4|1366.3{1084.3 | 972.1

% ( ) 8] =xtE ERARY ﬁ?ﬁ‘%‘ﬁ.
o, EBE H#m :
® AEZA A, Oil FERE = AR <R E RS < #ik
HEE Oil FHAR= 38¢/hr
EHi(c)d HEE=190%/¢
B. BRMEHN
E#& . 76.08 ¥ /kw (Boiler )
(%8 81 4. 21 WiE)
FRE®| /] : Boiler 15 kw
Heat pump 72 kw
Q@ EHE HE

Table 13. Comparison of running cost

B W
o B E 42 H, H, Hs H, Hs Boiler
A & 11119314 | 8667380 | 7449401 | 6,599,633 | 5,884,342 | 11,954,008
o A 12144152 | 8923528 7,691,460 | 6,853,859 | 6,079,654 | 12,311,031
o + | 9,707,765 | 8105138 | 7,043,408 | 6,251,272 | 5,632,037 | 11,423,908
B A& | 6803270 | 5995125 5348690 | 4,912,903 | 4,487,699 | 9,066,049
A 2 | 5620570 | 5210977 | 4695178 | 4,309,677 | 4,020,871 | 8127923
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12,000
11,000
{8 : B . Boiler
10,000 H,: Heat pump R.A 0%
9,000 H,: ” 25 %
H3 . 4 50 %
8, 000
H,: ” 75 %
7,000 Hs: ” 100 %
8,000
5,000
4,000
T T T
Fig. 5 Running price diagram £ % ¥ &
® W 1. Louis Auster Weil : Optimiyeol Data
1. gHAEFEEML (Outside air ¢} Return for Heat Pump Systems (Building Sy-
airote] BE{= BE) ) uel REGRE stem Design 1974.T)
7} 31414 5 07tx #@A= At 2. E.R. Ambrose : Heat ‘Pump and Electric
2. IERBA A+ Fan coil unite #HEol 19 Heating (1965)

B4 3982 o 27 B =Hdou 3. ASHRAE HANDBOOK:1979 Eouipment

Heat punp 7t BELActd HEHREANA Bo- 4 FrtE#EK "HEAT pump A EEHEM -
iler x4 2ot EiigE ez HsEd HmETR

3 AAAHAZRAL KB ol HEELS All ou- 5. E.R, Whitehead :R, D, Rolyjr : The Heat
itside air & @, A€ U kKEMES 25 Pump (A Prouen Device For Heat Rec-
% Ll b9 Return air & B4 #HEdGH overy System 1976. 5)
BHEES €3 Aol 6. DAIKIN 7|&=xt% : (1980)

4 AAUBERES J45td BHSFOME 7 Carrier 7|42 (1980)
BEEY AA FERARL FACER K 8 Trane 7|<=2(1980)
BERH(C.0.P)7F ®KAE Aol 9. 24BAN : AR (1971~1980)
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