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2.3 71& PPN Y THRE H B

12} 59 AhAFx=dW B (PDCV, Pressure Differential Control Valve)
= 53 DOHWS, District Hot Water Supply)ell A X|3le] #3383 3=
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Balancing
valve E\ A Padd-1

10) 94, FEFE A4 WAYS B oA A A2 B F7, A T2 9F 94
(F=du] 7= 3]#), 29(01), 2012

11) Couillard, N. et al, 2005, Balancing Operation for the Optimization of Hydronic Networks,
International conference for enhanced building operations 2005
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z3a &+ 2
= | ¢ g2 | B sz | Bz
TZAET o | om) | T T e | nm
A 15 144 65 E 15 144 65
1075 B 30 289 80 F 28 269 80
C 43 414 100 G 43 414 100
) D 58 558 100 H 58 558 100
- A 15 150 65 E 15 150 65
110= B 30 308 100 F 30 308 100
C 45 467 100 G 45 467 100
D 60 617 125 H 60 617 125
A 15 144 65 E 15 144 65
107 B 30 289 80 F 30 289 80
C 45 433 100 G 45 433 100
] D 60 577 125 H 60 577 125
i1s
A 15 150 65 E 15 150 65
110= B 30 308 100 F 30 308 100
C 45 467 100 G 45 467 100
D 60 617 125 H 60 617 125
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<E 34> X275 d4BH(At=15T, otE* &=100Pa/m)

1075 1105
ST =5 s | o = s | o
(kcal/hr) (LPM) (mm) (kcal/hr) (LPM) (mm
8,661 10 25 9,519 11 25
17,321 19 32 19,038 21 32
25,982 29 32 28,556 32 40
34,642 38 40 38,075 42 40
43,303 48 50 47,594 53 50
51,963 58 50 57,113 63 50
60,624 67 50 66,632 74 50
69,285 77 50 76,150 85 50
77,945 87 50 85,669 95 65
86,606 96 65 95,188 106 65
95,266 106 65 104,707 116 65
103,927 115 65 114,226 127 65
112,587 125 65 123,745 137 65
121,248 135 65 133,263 148 65
129,909 144 65 142,782 159 65
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(2) & =g = dA
O ASH cFEz
AR FIFZE 1075 11059 155EH 1537440 @ &8
THHES AAs

1,058,000 kcal / hr

_o 2F =
Q) (60 — 45 )°C x 60 min/hr

= 1,176 LPM(706LPM x 2t})

-YAH(H) = 22.2m [=23m]

EERTAI4 = 3.0m
ZAbs®E 3m X 1 = 3.0m
WEEA 7l 1m X 1 = 1.0m
% 3m X 1 = 3.0m

A=A 850m X 0.01 X 1.3(F%+) = 11.1m

F A& 0% = 1l.Im

0.163 < 0.706 m'/min X 23m

x4 =
2 0.680

X 1.1 =538kW

o
d

~AA 1 65(D) X 706 LPM X 23m X 7.5kW (S12}el)
A o)

-2 (3
&

PN
T
v dugky] [HE-718
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_ 1,075,000 kcal / hr
(60 — 45 )°C < 60 min/hr

= 1,194 LPM(716LPM X 2th)

g g7 = 3.0m
PR ] 3m X 1 = 3.0m
akRe 7] 1m X 1 = 1.0m
S A 3mx 1 = 3.0m

= 940m X 0.01 X 1.3(F&F) = 12.2m

& 0% = 1.3m

. X 0. '/min X
_aypy = 0163 07lgr7nlémm A4m e

-7 1 65(D) X 706 LPM X 24m X 7.5kW (212}¢1)
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<ZE 37> 1075 NEF 282t s/

SAALEE 50% SAALEE 25%
Ml G | sw | *F | sa | sa | *°E
(1/mim) (1/mim) (%) (1/mim) (1/mim) (%)
15 3 8.22 1741 3 8.45 181.2
25 3 8.18 172.8 9 9.00 0.0
3% 9 9.00 0.0 0 0.00 0.0
45 6 9.00 50.0 0 0.00 0.0
5% 3 8.10 169.9 3 8.32 177.2
65 3 8.08 169.2 0 0.00 0.0
75 3 8.02 167.3 0 0.00 0.0
8% 3 7.97 165.8 3 8.18 172.6
9% 3 7.94 164.6 3 8.17 172.2
105 3 7.91 163.7 0 0.00 0.0
11& 3 7.89 163.1 0 0.00 0.0
125 3 7.86 162.1 6 9.00 50.0
13& 0 0.00 0.0 0 0.00 0.0
145 6 9.00 50.0 0 0.00 0.0
15% 9 9.00 0.0 3 8.08 169.2
o okt 60 116.2 93.6 30 58.9 96.2
Aol o] 1A Al FHHTel AA asit Aew B
Hr}.
25PN T-SHEAAREE) Al A Al 2] aurE GA o] 170
a7 o5 15 Aol A 8.5LPMOZ 181.2%2 Ao #FES 1
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<# 38> 1105 A&7 12 s 87

SAALEE 50% SAMAEE 25%
M Ge | Ra | MR oo | GE | s
(1/mim) (1/mim) (%) (1/mim) (1/mim) (%)
15 9 9.00 0.0 6 9.00 50.1
2Z 3 5.95 98.2 3 6.42 114.0
35 6 9.00 50.0 0 0.00 0.0
45 6 9.00 50.0 3 6.40 1135
5& 3 587 95.6 3 6.40 113.3
65 3 5.85 95.0 0 0.00 0.0
75 3 5.80 93.2 0 0.00 0.0
8% 3 5.75 91.8 0 0.00 0.0
95 3 572 90.7 6 9.00 50.1
105 3 5.69 89.8 0 0.00 0.0
11& 3 5.67 89.1 3 6.33 111.1
125 3 5.63 87.7 3 6.32 110.7
13& 3 5.55 85.0 0 0.00 0.0
145 6 9.00 50.0 0 0.00 0.0
155 3 5.48 82.6 3 6.27 109.0
o okt 60 99.0 64.9 30 56.2 g7.2
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<I 39> 1075 1&F 2ed& SewE
SAAEE 50% SAAEE 25%
(1/mim) (1/mim) (%) (1/mim) (1/mim) (%)
165 3 8.88 196.1 3 9 200.0
175 3 8.84 194.7 9 9 0.0
18% 9 9.00 0.0 0 0.00 0.0
192 6 9.00 50.0 0 0.00 0
20& 3 8.75 191 3 9 200.0
215 3 873 191.0 0 0 0.0
205 3 8.67 189.0 0 0.00 0.0
23% 3 8.62 187.5 3 9 200.0
245 3 8.59 186.2 3 9 200.0
255 3 8.56 185.4 0 0.00 0.0
265 3 8.54 184.8 0 0.00 0.0
275 3 8.51 183.7 6 9 50.0
28% 0 0.00 0.0 0 0.00 0.0
29% 6 9.00 50.0 0 0.00 0.0
30& 9 9.00 0.0 3 9 200.0
I 60 122.70 104.5 30 63 110.0
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SAALEE 50% SAAEE 25%
ad | ES) 22 ) mse | EZ | 23 | ass
(1/mim) (1/mim) (%) (t/mim) (1/mim) (%)
165 9 9.00 0.0 6 9.00 50.0
175 3 7.82 160.8 3 8.76 192.1
18%& 6 9.00 50.0 0 0.00 0.0
19% 6 9.00 50.0 3 8.74 1914
20& 3 7.73 157.7 3 8.73 191.2
215 3 7.71 156.9 0 0.00 0.0
25 3 7.64 154.8 0 0.00 0.0
235 3 7.59 153.0 0 0.00 0.0
4% 3 7.55 151.6 6 9.00 50.0
25% 3 7.52 150.5 0 0.00 0.0
263 3 7.49 149.7 3 8.66 188.5
215 3 7.45 148.2 3 8.64 188.0
285 3 7.36 145.3 0 0.00 0.0
295 6 9.00 50.0 0 0.00 0.0
305 3 7.28 142.6 3 8.57 185.8
o okt 60 119.1 98.6 30 70.1 133.7
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SAALEE 50% SAAZE 25%
Ml Re | R2 | MR | Rg | 8 | uRE
(1/mim) (t/mim) (%) (t/mim) (1/mim) (%)
165 3 9.00 200.0 3 9 200.0
175 3 9.00 200.0 9 9 0.0
18%& 9 9.00 0.0 0 0.00 0.0
19% 6 9.00 50.0 0 0.00 0
205 3 9.00 200.0 3 9 200.0
215 3 9.00 200.0 0 0 0.0
25 3 9.00 200.0 0 0.00 0.0
235 3 9.00 200.0 3 9 200.0
24%& 3 9.00 200.0 3 9 200.0
25% 3 9.00 200.0 0 0.00 0.0
265 3 9.00 200.0 0 0.00 0.0
215 3 9.00 200.0 6 9 50.0
285 0 0.00 0.0 0 0.00 0.0
29% 6 9.00 50.0 0 0.00 0.0
305 9 9.00 0.0 3 9 200.0
o ab 60 126.00 110.0 30 63 110.0
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<E 312> HEEHZ X2 Al HotE of x|
SAIALRE 50% SAAEBE 25%
= 7= A ZlokE|
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Ah, = Ah, = Ah, (4.1)

o714 AhE 24 Darcy-Weisbach's formula (4.2)2 AF&3 4= ¢Jt}hs),

2
Ah=Ah,+Yh, zg—g(%+2k) (4.2)
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<I 44> 7 ot 1078 MBR 2 a7
SAALEE 50% SAALEE 25%

WAl Re | Gm | R | R | sm | uRE
(1/mim) (1/mim) (%) (1/mim) (1/mim) (%)
15 3 3.02 0.6 3 3.01 0.3
2Z 3 3.01 0.3 9 9.02 0.2
35 9 9.00 0.0 0 0.00 0.0
45 6 6.00 0.0 0 0.00 0.0
5% 3 3.00 0.0 3 3.00 0.0
65 3 3.00 0.0 0 0.00 0.0
75 3 3.02 0.6 0 0.00 0.0
8% 3 3.04 1.3 3 3.02 0.6
9% 3 3.00 0.0 3 3.03 1.0
105 3 3.01 0.3 0 0.00 0.0
11& 3 3.03 1.0 0 0.00 0.0
125 3 3.00 0.0 6 6.01 0.16
13& 0 0.00 0.0 0 0.00 0.0
145 6 6.01 0.16 0 0.00 0.0
15& 9 9.02 0.2 3 3.00 0.0
o ab 60 60.2 0.3 30 30.09 0.3

25%%-+ LPM, 27091 7
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AR ARG Jis 2 2EF
—4— C905 (BLAKEBCROUGH) Position v. Time [Copy of H|CHL ZHEM 2 - H =2 50%1 res_2]
--@- C905 (BLAKEBOROUGH) Arm: 2 Flow Rate v. Time [Copy of MICHLHFI2ME = - 22 50%1 res_21
—i— CO05 (BLAKEBDROUGH) Position v. Time [MICHU RF2fH = X £ 5 50% res_10
--ge-- CY05 (BLAKEBOROUGH) Arm: 2 Flow Rate v. Time [MICHLH XM 25 5 50% res_19]
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<E 47> 107= 2 &t %

NEF Ink-—rs
| x| xt2HkPa) 2 (m/s) x2HkPa) 2 (m/s)
50% 25% 50% 25% 50% 25% 50% 25%
Bat | 2st | 2st | 2sp | 23 | Hst | B3l | B3}
1162 | 80 | 250 | 03 0.1 148 | 276 | 03 0.1
207V | 79 | 250 | 02 0.1 147 | 276 | 02 0.1
318 | 79 | 250 | 02 0.1 147 | 275 | 02 0.1
4(19)& 7.8 25.0 0.2 0.1 14.6 27.5 0.2 0.1
5205 7.8 249 0.1 0.1 14.6 275 0.1 0.1
6e1NZ | 7.8 0.0 0.1 0.0 145 | 00 0.1 0.0
7225 | 77 0.0 0.1 0.0 144 | 00 0.1 0.0
8(23)& 7.6 249 0.1 0.1 14.4 274 0.1 0.1
9(24)& 75 24.8 0.1 0.1 14.3 274 0.1 0.1
10255 | 75 0.0 0.1 0.0 143 | 00 0.1 0.0
11(26)& 74 248 0.1 0.1 14.2 27.4 0.1 0.1
12(27)& 74 248 0.1 0.1 141 27.4 0.1 0.1
13285 | 72 0.0 0.1 0.0 140 | 00 0.1 0.0
14295 | 72 0.0 0.1 0.0 140 | 00 0.1 0.0
15(30)& 71 24.7 0.1 0.1 13.9 27.3 0.1 0.1
A, Hetol A vt 7 k(R ol 7HE £2)107F 2948 4%
ANxe] =¥ {4 BEE AT Ad, Algiy Ak g E ] 2k
5 AU (0~4bar)E Z=H8HA] Fhow, f& gk [5st 2ol A 9]
AA F4003m/s)S 2HeHA] = Ao2, Agoly AulH ol TAE W
AetA S Ao dAdHE.
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4.3 FEA LT Rt HE AR HF

4.3.1. QA 2" FAZ YA A5
otA]| 2~8le] W& HY 2HEdES BHY, ASHE 50%5FE5-3HE AIAHS:
Yol A 0.87kW=EMA A A=< (rated power)5. 1kWH.TF 4. 23kWAH S22
AA HZ oy A aH7E 82.9%= AT 25% - H-SH(EAIAHEE) A=
0.54kW=ZH d A% (rated power)5. 1kWE T} 4 56kWH A2, F o
YA 424 89.4%=31 T

<IE 48> A AR HE HE o {X| M5

—

SAAEE 50% SAAEE 25%
o 7= SR 7= SEECE
i e i1 Er 1
(k) (%) (m (%)
SEE 4.23 82.9 4.56 89.4
nEe 4.26 81.9 4.61 88.6
— 82 —



7|4 RICEAAEE LR WL oA APl E AS & 5
iz, ol PRV uhE fFAolst £ Adow pUATh EF 2
o wa AgAe]l ZAAA 25 FRISHEAEDA S 4 FFL T

K
ofj
4
-3
>,
lo,
g
I
o,
(Kl
DN
=
offt
JE
ftlo
%
fE
o1
o
R
e
Mo
4
ol
of
>
>
ofo
it
=
>,

# A AZH (rated power)5.2kWRTE 4.61kWAZFslE 2 B oux] 4H
= 90.6%=At}t. LFH o= npRIA 2 2595 EAAMEE)A] S

3l 5O
= 2 u=E =2 T M1

Bl B o] SIRA U S21

—— C1201 Powerv. Time [HI CHLH MR 2 T =5 50% res_16]
—a— C1201 Rotational Speed Resultv. Time [HICHLH ZF2HE 2 _HZE 2 50% res_16]

o = e

270 — ’ \
07

265 —

0.6

Power<kVy=

260 —

0.5

Rotational Speed Result<rpm=

255 —
04

250 03

1
60 80 100 120 140 160 180 200
Time<s>

(2 4.13] tf etA| 28— X & F ol A 2f

iz}
[H
Ho
>
i)
Il

_83_



ar
U

ak
4+
i

ol
A
]
1

200

180

160

140

Time=s>

120

—&— 1201 Rotational Speed Resultv. Time [MIHLHAMFME 2 - D E250% res_7]

—#— C1201 Powerv. Time [MICHUA AL =2 - & 2 508 res_7]

il

g

100

\ NN A~ —

=

80

o
™

I ANYANY2

P~—

/

60

124

m
=1

=}

@ -
=

w
=1

<p=13m0 o

0.3

310
300
0 —

& =

o o™ o
=idl=ynsay paadg |Buoleloy

260
250

2l
B

qr

(9 4.13]13 [2¥ 4.14]°14 50%

B

0]
1 =

N

=i
=

SEEE

2=
T

d

Qx

B

o

T

4.3.2. 71& DA EHH] HZ iR A

(1) HLe) 2]

)
=
iz

B
o

T
o

of Hls 4H

T
1o

N

ruze]

oM %

< HEl
— H

_84_



ol 4= 82.9%= A7stE 2 7|Etiete] HIs] 67.6%2 BX AUAES Azt
S 4 = A T3, 25%F-EH-SHEAIAEE) A= 7]EA]AEN
37.2%°) H3, A AEAE 89.4%S HAztstEz 7|E&Ujete] H] 3|

52.2%° AX U & Ads & Utk
)

Hs) 68.8%¢) B oA S AUFE & 4+ AACK L, 255 ERHCE
38

AzlstB 2 7]Eickel] vls) 51.1%%] FBX dUAE dds o & Stk
o] ZH-E] A Fle] REE FEo] V|EAARET A wol Mg
o = glon, thokA AE o] Hg g3E 35 v FASET [ 4.15]00

A 71EA LTI AT ) L oy X RS YERRAL Qv

100

90

80

70

60

50

40

30

20

10

MEF(50%) 1B E(50%) X EF(25%) LEE (25%)

HI|EAAE ©OiotA| A

(23 4.15] HE H= olux| & B2

_85_



N

7

2}
B

o U [4HFuns

SHAofol £

bz hva
T —

4744 o

o

Aoy |74A Eot

oI
vl
_E;
X

2l
gt

gl

—_
file)

el

puze)

B
o
iz

2

el
T
o
H
BR

4r
=)

o

o A e 7}

;|

[e;

= B

Hef

gé

J

!

o] 3.85kWZ=, 24.5%9]

4.8>3 [Z19 4.16]014 A

-
it

57.8%2] oy~

<

oj
s

o)/

o] B%

=
gl

Aqr
el

Me
o o

ol L4 %]

Al_ N~ ™ o)
< Q N Qi
s (@) <t [e 0]
ol
s e
[
S
=
nVu ol| w e 0
+ = | ®© N <
m Rl o — 2

i iT
e

=

(=E|

M
o

49> CHUA[AR

<

i

<l

<
ki

oir

700

I_

2.15
2.95
57.8

— 86 —

4.72
0.38
15.3

2 (kW)




=H|=%

]
A0

2508 res 19

%
50% res_10}

==

C1201 Powerv. Time [MICHU ZH2EE = 1]

@+ C1201 Power v, Time [Copy of &
—+— 1201 Powerv. Time [ Z 5 50% res_70]

——

=T

60

30

40

3+ 1201 Power v. Time [Copy of HICHLHAIZME S THE S 50%1 res_2]
Time<s>

30

20

10

=

r
LHo
4

H
il

H= oldx] d&

=

al

2FE
Ssod™

o
T

4

=

=]

q

A
(=

?_

Ed|
=]

4.9>0l] A 9]

-
3t

410> MEZF(50%) Al

Ao <
<E

=

o

0
0 | NI Of < @ <
_IrxjmTm & B | &
o | T
— | 4
5E
= lH|D A= 2 &
ol = o o
m
_n__.= Er.: . ~
il ok &l 9 | =
<l =
M —_
oo = Ql e)
» NS
Mook N & N
N — (4p] L0
NSl 3|2
Rl = — oV
sz o8 |8
AW = < a0}
il _
ok | ¥ |2
=
fo mo = ) <
<t N~
Mook & < N
o >
e kD | g
100 Ty T a
K

_87_




ey
“d

N it ®, Al

}

°©
pud

ol o

o

1

6’H7é'<:>‘}7] -?4031, —?rao]: %%E—/\ 37/]_ _T:E]E Oﬂl;"xl }é

T
1o
=1
R

Soals

R RS B R e

3

Ryl

A A= 3LPMo] &S Atk 7]EA

5]

= A%

= o, A

O

|

v

=
2=

NJr

™

=]
T

A 50%E-EEEH(EAALLE)A] 64%, L=
— 88 —

=]

o T

=

3} )

o A= 80%<] =}

™

€l



-
il

o4 50%

B

e
&

TH

iy

<]

71 EA]

)

iy

Lg],o

~H
T

&

7] 69%, 51%

)

N

}

0]
pal

o N8 FA o

iz

%

ox

¢+
o
-
o
ol

.
a

g

s

|

7| EA LR H T o

s

o]
—_
file)

o
o

_89_



M

A5 & A

WA Ao M = AAEACEA T

=
) Y

= 7]

T
R

e

X
bt

¢

)

ol

zu
il

B

el

ol

—_—

)

=
;on_
)

o
T

9|

J
HH

M)
gl
e
A

qr

14 &4 Abel= gol

7] FAutel] mja) o

=

alg

3
mﬂ
i

e AR Al

[c]

]

by

1

0]
pad

%

AEd o]
WHEA] 22 B of A] 9]

Ho

_90_



joroe 2 Ay

5_]__

_CH

51_

?J:

Al

iz o] oy x| e o ZEEH

W
ojp

o]

E
o

B!

gl

TH

el

)

1)

Ho| A, FAIALEE 50%Y wWlRTh 25%Y w f & #elo] vEl

=
E—S

o

T
=

=3
1o

el

B

= TE ETd

atol A7)

wj g ool o
o Ay AA

51_

(2) AHFBLE Aol

i

=4, Al =}

23to.

—
file)

r
4

(3) A

o
=

=
=

o

AT A7 7]

w347} v

F Ao

19

o

_91_



o1 2kt W91 7F

B

=K

Bl
B
e
G

4r
=)
T
-

<
=0

W
=

)l

=
=

o

273LPM¥} 138LPMY| &<

2}2}

K

o

o
T
o
il
=
np
ﬂo
cy

e
&

FHEAIAFE-E)A] 68%, 25%

file)

-
g
-

SHolM 50%

dur A

Ho

4

M)
el

_92_



e]
o

ol

iz

Tor

B
o

—
fiie)

o o8] A A7t wel

)

E
=

2

]

A

=
gt
o
e
=K
ro
Ho

ool Ago] ML)

_93_



10.

11.

12.
13.

14.

15.
16.

17.
18.

19.

A ey
g

N

, Tl Al agle A o] oA Azt HASH(I), dlE
%3 3] 7)), 28(08), 2011

oliftyt, AWH, FAE, WA, AFy, 225Gy Ajade] §F WA A
SH b #we AT, dddFgE=H AgA, 27(5), 2011

ol ', ALY G AlxHlo] AFHIIE 93 o B o] Fa A, AL
ghal BlALEL9) =i At stal, 2010

oA A, o, wiehdlo A o fEWMHA Ve 9 HEax e | ¥ YF
A (=) 7] 3] #)), 25(11), 2008

frul s, wrolula WAl S o] &3k A ~E Jfd uiete] HE g 4
AMEeta AALe Q=i A& ista, 2013

oo, WMEHEL AFAY, AGEZES L WAy gy, Av)|Fx dF JAE
=AM 7§ 3]A]), 27(5), 2010

oo, A% ANEE WY Alx®e] digk o], AulFx WE AT AN

7= 3]A), 26(06), 2009

= S S XY
BN
ot
offt
do
0%
o
Al

T ok

N o

[}

A%, Nsa, oy, A, A3, AqUY EdE ol &t T vt

o AL Alawle] HeA Hrh ek S8 =wy] A, 28(12), 2012

AE, ol e, FAE, WA, 1S, FEeTY vy BAldwA "] A5
=8k3] Sherndls] =i, 27(1), 2007

%R BE AT, YAAF
Qe UA e el A, 2005, A
WA, FEFYY A WAL EE oY
% Al

,%

N
Ml

N
N

Y
2 OH

o
I
>
[

g9 58 51, A
(FH=rAdn] 7] =9 31 4)), 29(01), 2012

BoAgFEEdde AedE gtg R, 2012

G A G AL, A AL 200 A, g A kAL 2004

Couillard, N. et al, 2005, Balancing Operation for the Optimization of
Hydronic Networks, International conference for enhanced building operations
2005

District Heat in Europe 2003 Survey, Euro heat&Power

Kilkis, B., 1999, An analytical algorithm for hydronic circuit analysis and
assessment of equipment performance, ASHRAE Transactions, 105(1)

Taylor, S. and Stein, J., 2002, Balancing variable flow hydronic systems,
ASHRAE Journal Oct. 2002

il

20. B2, SO B N RBUKRBUE AR MERESE, Bl ZEdd HV&AC, 41(11), 2011

_94_



ABSTRACT

Characteristics and Improvement of Hot Water Supply in

Apartment Housing using District Heating Source

By Jin, Hua-Guo

Department of Architecture
Masters Course in Graduate School
Seoul National University
Advised by

Professor Kim, Kwang-Woo
2013. 8.

In this study, Hot water supply characteristics were analyzed under
the condition of part load in the apartment house complex using a
district heating source. And then, effects and limitations of the each
component in the hydronic heating system were derived. Alternatives
were selected to improve these limitations, and then flow rate and
pump energy performance were analyzed. From these, application

effect was evaluated.

The results of this research are summarized as follows:

(1) As an analysis of hot water supply characteristics in the typical
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hydronic network for the apartment house complex using a district
heating source, more than the required flow rate of water was
supplied under the condition of part load whereas hot water was
exactly supplied as much as required flow rate under the condition
of design load. The over flow rate was higher at the lower part than
at the higher part of the apartment. and higher under 25% of the

part load than 50% of the part load.

(2) The hot water was supplied to each room in excess of the
required flow rate under the condition of part load because a flow
limit valve always makes set-up flow. Also, the differential pressure
valve is useless because a variable speed pump constantly controls
discharge head. Also, to install the pressure differential control valve
is insignificant because the flow limit valve has a wide range of the

differential pressure control.

(3) Installation of the variable speed pump is ineffective because the
variable speed pump loses the flow control ability as it sets up with
the pressure differential control valves, and the operation of variable
speed pump by the differential pressure between inlet and outlet
saves very small pump energy compared with the high initial costs

for VFD (Variable Frequency Drive).

(4) As an analysis of hot water supply characteristics by the
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installation of pressure differential control valves and the control of
the variable speed pump based on differential pressure in the system
terminal, required water flow rate was exactly supplied under both

25% and 50% of the part load.

(5) The results of the energy performance of the variable speed
pump in suggested hydronic system showed that it saved 68% of the
energy consumed by the pump in the typical hydronic network under
the condition of 50% of the part load, and 52% of the energy
consumed under the condition of 25% of the part load at the lower
part of the apartment. And, it saved 69% of the energy consumed by
the pump in the typical hydronic network under the condition of 50%
of the part load, and 51% of the energy consumed under the
condition of 25% of the part load at the higher part of the

apartment.

Keywords: District Heating, Part Load, Flow Balancing, Flow Limit Valve,

Pressure Differential Control Valve, Variable Speed Pump

Student Number @ 2011-24044
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