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O & : For cooling
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9) &7, A& o, Tz 7|xst Al 2s(dE AHgxzAT3]), , A, 2002, pp. 56-77
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Simultaneous heating and cooling multi—heat pump A]Z~¥lo]2} a1 3+t} 10)
T o]yt TA HIEsk uls-shr] fste] thre] S| ERE Al ~ES 7b
Fof]  AA|sto] et dlgsteE Alx®oe=z [a¥ 211113 2

WLHP(Water Loop heat recovery HP system)”7} 1t}

COOLING
_-TO'-'-EFI

- HORIZONTAL

WLHP
(TYRICAL)

SUPPLY PIFING
= = = = RETURN PIPING

(23 2.11] WLHPS| 7HE =

10) Kang, H., et al. Experimental study on the performance of a simultaneous heating and
cooling multi-heat pump with the variation of operation mode, International Journal of
Refrigeration, 2009.

11) ASHRAE. op. cit., 2008, p. 8.15.
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Direct
poling/Heating

2 HFA FF7A

Ao mA HHd A=ERl A, e e daaol e ddgdAodaA A3
do] Fgeted whall, S48 ANAHS dU9FAZEEHS 48 dAHem 5
AgA e AgE vh5 Fashs Aol 7PE 2 AolHole & 4 . wEbA
do] s AIAE Fofste o|fE Fotetal, olE o] &ete] A, A
AA QL AR Al 2~¥l SRS Elfof Fhrhd),

THA AL 27 S U5 S9E F3HY, oo wE 1 A
= <GE 2.3>199f o] FEdd = gtk 7] A e A E Heke
o= Aol Ao A (performance, i.e. THH]E )3} 2do] o)A

(ease of implementation, i.e.Z7]H]-&)e] H1 Y= EA & oF 317 W+

ojt}. o & &, Chiller—priority control& 23] H]8-& 713 x| ut & x|

S =7 T a1, Storage-priority + A wo] €5sA W, L% charges

13) ASHRAE. 72007 ASHRAE Handbook HVAC Applicationss Chapter 41. Supervisory Control
Strategies and Optimization, 2007, p.41.9.

14) £3)7], 788 4, op. cit, p.83.

15) ASHRAE. 2008 ASHRAE Handbook HVAC Systems and Equipments Chapter 50. Thermal
Storage, 2008, p.50.23.
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Charging
storage

Operating heating equipment to
add heat to Storage

Operating cooling equipment to
remove heat from storage

Charging
storage while
meeting loads

Operating heating equipment to
add heat to storage and meet
loads

Operating cooling equipment to
remove heat from storage and
meet loads

Meeting loads
from storage
only

Discharging (removing heat
from) storage to meet loads
without operating heating
equipment

Discharging (adding heat to)
storage to meet loads without
operating cooling equipment

Meeting loads
from storage
and direct
equipment
operation

Discharging (removing heat

from) storage and operating

heating equipment to meet
loads

Discharging (adding heat to)
storage and operating cooling
equipment to meet loads

Meeting loads
from direct
equipment

operation only

Operating heating equipment to
meet loads (no fluid flow to or
from storage)

Operating cooling equipment to
meet loads (no fluid flow to or
from storage)

A% oS3 4ol Basty] wZel Adae] folido] oA = F4o] Ut

=y

FEa] skl AeEE Azdoln 18y Wi FU A2Ue 487
O E% Assel AN PR A RS, MAAE $08
9% 5 QA S Aolth FG ALRE AMAOR oY o] § w7
AR oJgt FHu]go] d7 dYV7] % F4 7Y HHoE AYUEH= F
$71 dRRo|th1e) S5 Aaue A < 2451070 2okt & )
16) &87], 48 4, op. at, p. 87
17) Ibid, p. 88
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@ Inlet Froude number(Fr), &ur& o2 1.0Ht} ZAL Zrolof g},
Q

Fr= ———u (3.1

Vah’ (Ap/p)

@ Reynolds number, W4 o 5 850 ©]3k(radial diffuser A& A])oll A

5%l FA ek

Re =1 (3.2)
12
o 7] A,
¢ ° inlet flow rate per unit length of diffuser, Q/L, m*/(s « m)
gravitational acceleration, m/s®
h . inlet opening height, m
Ap inlet water density, kg/m’
~difference in density between stored water and incoming
P or outflowing water, kg/m?®
v Kkinematic viscosity, m*/s (water = 1.150 X 10"-6)
Q@ ° tank inlet volumetric flow rate, m?/s
L . characteristic length of inlet diffuser (perimeter for radial

28) ASHRAE. op. cit., 2008, p.50.23
29) Wildin, M.W., and Truman, C.R., Performance of stratified vertical cylindrical thermal
storage tanks—Part 1: Scale model tank. ASHRAE Transactions 95(1), 1989, pp.1086-1095.
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diffusers), m

Radial diffuser®] A& 350mm ©]%}, inlet opening heightE 30mm
ojeow AHA v, dF 5o FF 40LPM(=0.00067m’/s), A&
400mm, h 40mm A& Al, Fr = 1.0, Re = 4649 gto] &5 o] 99 2
(3.3 4(3.2)o el F AxE WEEA ek

(2) AA AXAE
FE®Ae Ui FHES AAe= AX HAHE A 1Energy
& = A mhol gl o] mE Aol d

Balancing System®] % =
Energy Balancing System?] A& A
PN
T

ol PZ3 DAY 2L F3h

]

o,

=
o

oX,
olr

2 HFAdEge 498 = = 54 AxEA Z8o] gtk
D& [2¥ 351303 o] o ®auy 2maxe dA7]7](HP)9} &
HX)e2 |l B fps = 3t AAd 2EAME EQle] 7hastal, 2)+=
[ 3.6]30s} o] HARA WiF-o] AT 4 tAo R wixd AME
Fokol #lo] Thesttt. wEk FARA G2 A HA " FH1A
& A3l M E ool 7 ARE ko] mfA|soR gt

@ FOM(Figure Of Merit): ron= AreabetweendandC 0 =g s o) 1315
Areabetween Aand D

HWAS dgsto] ghe et 2 AAlE S A= oF 90% o3 #te
Belth [29 3.5]

@ Thermocline: &X=x}o]7} & 2po] & Hol= 7k, UWH2|Ql 5w A0
A= 460~600mm Atelol Al A4 et [1§ 3.6]

30) ASHRAE., op. cit., p50.5
31) Ibid.
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3.4.2. Distribution System
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ABSTRACT

A Study on the Configuration and Control Strategies of the
Heat Pump System with Thermal Storages for Buildings with
Simultaneous Heating and Cooling

By Lee, Seung Jae

Department of Architecture and Architectural Engineering
Master’s Course in the Graduate School of

Seoul National University

Advised by Professor Yeo, Myoung Souk

2013. 2.

As buildings become high-rise and construction technology are
developed, building envelopes which are airtight and compartments of
the space which are thermally defined clearly are increasing. Such
these spaces generate cooling load constantly because of the internal
heat gains. Likewise, the spaces needed cooling all year round are
increasing, it requires the operation of cooling tower which consumes
energy even in the winter period. Therefore, the objectives of this

paper are to propose the configuration and control strategies of the
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heat

pump system with thermal storages for buildings with

simultaneous heating and cooling called ‘Energy Balancing System’ in

the paper and the system is installed to the real space.

The results of this research are summarized as follows:

(1) The effect of the energy saving is maximized through the

combination of the heat pump system and thermal storage
system. And it is important to find out the zones where the
system is applied according to the pattern of occupancy, the
period of use, the objective of the building. Therefore, the rate
of the demand for simultaneous heating and cooling which
determines the amount of energy use should be found out to

utilize for the configuration of the system as the load profiles.

(2) The methods for sizing the capacity of the heat pump and

thermal storages are suggested according to load profiles.
Firstly, setting a term of the period for the operation of the
system should be taken into account, and then sizing the
capacity of the heat pump and thermal storages are proceeded.
These processes consists of the process which is a comparison

between the capability of the equipment for cooling or heating
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and those of the equipment generated energy for the other side
(heating capability for cooling/cooling capability for heating) and
the process which determines whether there is a possibility that
the heating energy produced from the capability of equipment
for cooling to utilize for energy demand for heating such as a

domestic hot water.

(3) The operation of the system is conducted for verification of the
effect of the system through the pattern of the control
strategies. Therefore, the primary control reference points are
set and measured, and then heat gain and heat output for
cooling and heating are calculated and compared. Among the
control strategy, heat loss for heating and cooling of ‘Storage
system’ and the difference of heat gain and heat output for both
of storages are examined by the experiment. Lastly, the
coefficient of performance for the system was verified that the

control strategies can enhance the energy efficiency.

Keywords : Heat Pump System with Thermal Storages,

Simultaneous Heating and Cooling, Control Strategy
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