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The Experimental Study of the Heat Flux and Energy Consumption on Variable

Flow Rate for Secondary Side of DHS
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Abstract The presented work demonstrates the effects of flow rate on the secondary side of DHS (District Heating System).
Increasing flow rate at the secondary side of DHS decreases energy consumption and time to reach the set-point of the

heated room while increasing heat flux on the floor in the heating space. When flow rate increases, the overall heat transfer

rate of radiant floor also increases. However, the results also show overall heat transfer rateto not increased linearly and

thus the existence of an optimal flow rate for the secondary side of DHS. Control of the radiant floor with hot water may

be more effectively accomplished with a combined control strategy that includes heat flux and a temperature set-point. This

experimental analysis has been performed using a lab-scaled DHS pilot plant located at Jeonju University in Korea.
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Fig. 1 Lay out of pilot plant.
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Table 1 Mechanical facilities of experimental apparatus

machinery use
Boiler medium temperature quantity of heat
hot water 27,520[kcal/hr]
heating[4 p] 6,400[A = 0.098 m?]
Heat service hotl3 Pl s500a = 0,098 ni?]
water warm up
Exchanger -
service hotl3 pl 5 2500 — 0,098 2]
water reheat
Pum circulating pum flow rate
P £ pump 26/58/60[LPM]
Valve flow rate control 2-way or 3-way

mixing valve

cooling capacity
7,800[kcal/hr]

Air handling outdoor temperature
unit control
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Table 2 Flow rate in pipe to heating according to
Frequency of pump

Frequenc
?hz) Y 18 30 42 60
Flow rate
(£ Jmin) 2.7 42 6.1 8.7
T 19 AUEE= 20CAA AlFsgle, A
o 2% F Ulent -4TE dA FAES
Ao st Hg AGddA e 235 T2 EE
Aojatz] {8l 125 v 74E§H“H(?571) -
of Wil s Aoz dudtr)d ==
T rEFE Alolsiglon 2 AdddA = O 2k
= THREE Aol ot q7] wzel 57 Al
ol kA ¥kow, weEtA FL25 FEFS dASH
A7 E FYEA ST
frgAlol & %fsﬂ °1H4E1 *l*E“O A=) }04 i

N
~

N o d
off g 1o ftt 1o

5
Lo

o

1

1o

r

;
r:a
52
)
e

of

£ mlo
_O|L

| frael mhe v, A aule X
GUI(Graphic User Interface) >~ =2 1%-&
FRIET doly g& B9 RUEE sklth
A4 Freksl o Wy 2350 o
ko] S5 20T WS Al As}
DR R 30c0ﬂ OlE w7 ‘:‘3}

NN o

5 QAL
o

|\

2

i

2 .

o}

_EL

s

e

i 4y 2,

¢

O

7}@23 L&%‘%{F«l vl A St s AR
ZA387] S AgeA = *‘714 A =
Fan Coil Unit& AAAZ] Aejol A & }%01]*1 =

=738k dch CMllB«] 414 (Heat
Flux Sensor)™ WW&ztel A 7h&dlole AAsta
LI-199] dlo]H 2 A (Datalogger)E X3l &9 -
Hhebo A HAlE] o] £210 = o F(Heat Flux)2 =43}
Atk e Ao A3 BA4s G AtE

b S Uk

o

e
AU

A Ggol o3t 4P Ane gLt v
Fig. 3% Qe A28 Aol F8) A9vhy 2345

W) et §3 1d2E melFn Yt
249



ofot
oX,
BN
oX,

ol

o RO RN ER0 3W SEEH

| auzEom ae sooy  |[u2uzn @ 2013-03-07 (R 1:28:10

SR ONJOFF

SCRMIG a
SCTD1I0

Elm v

BEK) )
W) o
SCROIE SCTOT

aveizn [EEERRY v

oo

oo} ]
o oI
& sl :—n ¥at :: - e .
e (1]

F1g 2 GUI of control program.

- - Flow Rate : 30%
10
M — - - Flow Rate : 50%
s — - Flow Rate : 70%
— Flow Rate : 100%
Flow Rate e e -
(t/min) - -
4 e enimtNipioimtmem oo -
D PR P PR
0 T T T T T
0 20 40 60 80 100
Time (min)
Fig. 3 Flow rate of 2st heat exchanger.
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Table 3 Time to reach from 20C to 30C

Frequency
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Fig. 5 Energy consumption of the each test.
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Table 4 Energy consumption of the each test

F
reduency 18 30 42 60
(hz)
Power consumption
38.9 35.2 31.5 30.9
(kWh)
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Fig. 6 Supply temperature and return temperature to
the each test.
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Table 5 Efficiency of heat exchanger of the test

Frequency
(h2) 18 30 42 60
Quantity of heat of 1st 279 959 978 989
(kcal)
Quantity of heat of 2st 568 608 623 631
(kcal)
Efficiency 0.646 0.634 0.636 0.637
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Fig. 7 Heat Flux Graph to the each test.

Table 6 Heat Flux of the each test

Frequency
(hz) 8 . © ®
Time
: 709 355 311 303
(min)
EveragezH.F 201.3 208.4 225.3 226.1
(w/m”)
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