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WET-BULS AND

HUMIDTY RATIO

DRY-BULS TEMPERATURE
(29 2-4] <HAA AlF 5 PzE Ao mE A2 AF18)

¥4 ZONE

T4 PAN

A2 ZONE
22 PAN GEARED MOTOR

PRE-FILTER
[Z29] 2-5] AA EIARE AF7] thelef 1y 19

18) ASHRAE, 2020 ASHRAE Handbook - HVAC Systems and Equipment:
Chap. 24 Desiccant Dehumidification and Pressue—-drying FEquipment

(Atlanta: ASHRAE, 2020), p. 24.1.
19) €F5l, op. cit.
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4 WARM CEILING 001 WALL

COOL CEILING

WARM WALL

DISSATISFIED
e

LOCAL DISCOMFORT CAUSED BY
AADIANT TEMPERATURE ASYMMETRY

1 T T T T T T T
Q & 10 18 20 25 30 3 G

RADIANT TEMPERATURE ASYMMETRY

[ 2-7] 24 d BAF B¢ % ¥l 2D

(2) 12} A2
(7} S|EHZ A ~HE

g, AALE 2EHE AYsE 8 Bed AL

e B
A AEDT FAR A 5 Aok o714 BAYEE A

=
He Folxor A3 4 (Heat recovery)el ¥3HE+= 7l o|t}. Heat
recovery®ll W34 = ASHRAE®A] Air-to-Air Energy Recovery?23) <}

Applied Heat Recovery2d & H7F3}o] t}F1 ¢t}

21) J. Babiak, B. W. Olesen, and D. Petras, op. cit., p. 17.

22) A, “HGH FAYDY A2 ReAAN e FH" (A =
=, Agdga A8ty 2016), 51.

23) ASHRAE, op. cit, Chap. 26 Air-To-Air Energy Recovery Equipment
(Altanta: ASHRAE, 2020), p. 26.1-28.
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EVAPORATOR

__*“C;}] /;“\

COMPRESSOR—, CONDENSER USEFUL
\ HEAT LOAD
= =
R
WASTE
HEAT
SOURCE
PUMP OR FAN

A N

REFRIGERANT LOOP

EXPANSION DEVICE

MOTOR OR TURBINE DRIVE

(2% 2-8] Ltz ol Wuj Afo]F 25
Air-to-Air Energy Recoverye ¥719F &7] 7o &% ¥ F& =

ool ola) A3t £E, F WA} Fho| AFHE AL WA o &

7FA7F &=, dAEwt 3|3k Heat Recovery Ventilation(HRV)¥} &

& wEe SRdE Foly A4 e 2xde gd Al (heat
source)= SE7) U] wolxal do] o]Edte], = Lxtd glul A
A(heat sink)E 257t § EZolxl= Al~®ES waith [19 2-8] ¢

oA Agst slExE el el AFo]F(Closed Vapor Compression

24) ASHRAE, op. cit, Chap. 9 Applied Heat Pump and Heat Recovery

Systme (Altanta: ASHRAE, 2020), p. 9.1.
25) Ibid.




al

engrel HA($H)7 Ak BPALE FAHAA LY
oA AA7 B F
A AAEW7 Ha A dE7 f9iste] o #H4s wua

020, 2 Aol M= HATEAS ALFY] IS fa oFdd=

N

=9 oux7F Zostrg FAYHY S|EFHZ AxdEy Al I
FAE FdsET. 5, WYl Alo]E& o] &3lo] FH7](evaporator) S

Waddoz §F7|(condenser) 55 2EYPOZE o] &3}

o

Applied Heat Recoveryoll Wall AF-4Ho 2 FF3}7] Zo A]2H" o]
& 571 913 WA Applied Heat Pumpel] tjsl] stetd a7k
A EHZ BF e d9d 9 3|EAA(heat source and sink)
S, ¥-2d B wiA, 4o Aol S, AEE 7, &F R 74, 4
A g S EAAY Aeko] Uri). ASHRAEOA = A9 2 SEAA F
Fob We2d Em wiAE ol & #HAY Wl Aol E(closed
vapor—compression cycle) S|EHZ ] dulAlel BH 2 Air-to-Air Heat
Pumps, Water-to-Air Heat Pumps, Water-to-Water Heat Pumps,
Ground-Coupled Heat Pumps® T-&3&}aL )t}

Air-to-Air Heat Pumpst 7F4 dwb4dQl 3SIEEX oy, A
2 gdgeor de AEHm Jui([Z™ 2-9]). o] A=A E T
o Juke Hga3k vk ¥ 52 AUt F71E A7) fE W

26) ASHRAE, op. cit, Chap. 9 Applied Heat Pump and Heat Recovery

Systems (Altanta: ASHRAE, 2020), p. 9.2.
27) Ibid.
28) Ibid., p. 9.5.
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(2% 2-10D). =3k Eo] digk 4 2 SEAAS] THE A4

S [# 2-1]9F Zt}. Water-to-Air Heat Pumpst® W% Wide 3]
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(79 211144 & 553 uppold Jus A@she 2ol o B

3kA| 7] A direct expansion(DX) FEjZ A7 dustsls= gYdo] I

[ 21209 [29 21312 o] ¥ b epelel agee Wele &
g Bol dudtelt dERTdNE Zolif REeo] AFe] ujan >

_20_




<3k 2-1> Types of Water-to-Air Heat Pumps

Types of Heat

Heat Source

. Contents
Pumps and/or Sink
They can either circulate source
water directly to the heat pump or
Groundwater Heat source

(from wells)

and/or sink

use an intermediate fluid in a closed

loop, similar to the ground-coupled

Surface water
(from a lake, pond,

or stream)

Heat source

and/or sink

heat pump.
As with ground-coupled and
groundwater heat pumps, these

systems can either circulate source
water directly to the heat pump or
use an intermediate fluid in a closed

loop.

Heat source

They use the high internal cooing

load generated in modern buildings

Internal-source . either directly or with storaga.
and/or sink )
These include water-loop heat
pumps.
) Solar heat pumps may resemble
Solar—assisted ]
water—to—arr, or other types,

(from
low—-temperature

solar energy)

Heat source

depending on the form of solar heat
collector and the type of heating

and cooling distribution system.

Wastewater—source

Waste fluid can be introduced
directly into the heat

evaporator after waste filtration, or

pump

it can be taken from a stroage tank,

(from sanitary Heat source depending on the application. An
waste heat) inermediate loop may also be used
for heat trasfer between the
evaporator and the waste heat
source.
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@ Heating I::> Cooling # Heating and Cooling

INDOOR COIL

OUTDOOR COIL
1 G: @ ]
[

1 .
]

G

COMPRESSOR
Qs D

[Z29 2-9] Air-to-Air Heat Pumps Mechanism

@H&aﬁng ) E{> Cooling #Heaﬁng and Cooling
(o) :

CHILLER- inpooR L
g, 2 CONDENSER COIL | '
E ]
g
~—] e}
COMPRESSOR
P~ ':D LIQUID RECEIVER
[1¥ 2-10] Water-to-Air Heat Pumps Mechanism
@Heaﬁng . I::>Cooling #Heating and Cooling
%‘9 % gl—«-RETURN
WATER 9 %@
SUPPLY
|| HEATING
EVAPORATOR

CONDENSER EA:PS(D)ISEG
= LOAD

COMPRESSOR L’__u_l
+ SUPPLY

vy &
WATER% G DISCHARGE

[Z29 2-11] Water-to-Water Heat Pumps Mechanism

_22_




©Z)pHeating > Cooling ma Heating and Cooling
ez !

INDOOR - |

CoIL

GROUND LOOP COMPRESSOR ﬁ

T

[2™ 2-12] Ground-Coupled Heat Pumps Mechanism

ZZ) Heating > Cooling mm Heating and Cooling

INDOOR |
col | |

SR ﬁ

COMPRESSOR

GROUND LOCP

LIQUID RECEIVER

[2¥ 2-13] Ground Source, Direct Expansion Heat Pumps Mechanism

222 Applied Heat Recoveryel #&F AA= Waste Heat
Recovery, Water Loop Heat Pump Systems, Balanced Heat Recovery
Systems® T4 ¥ a1 At}29. Waste Heat Recovery:= WE7]S 43
Al S571A S5E ol st o] WAHES S
Fotol 5', AL, Als, dY Foll ARt Aot F

7] 918 3]4<E& water-to-water heat pumpdl HEHAA ©]

Ir

oyt 30, Water Loop Heat Pump System(WLHP)& -3}

j
— =

29) Ibid., p. 9.14-25.
30) Ibid., p. 9.14.
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Ad 5A(load transfer characteristics)®} "@E] water-to-air heat
pump(WAHP) #43& Z2%3tH([1d 2-14]). Two-pipe A =®S& #&
gto] 7} el WAHP frule]l A, 855 ol&s 45 d7u <4
S W= Ala"olth Water-loop &%+ duHd o2 1632C=E 43|
gtoy} 2= H9E Howys w(7743C) =2 &2 4] 7tEst]
wj o] HZ 7743T 9 water-loop S|EHZ7} W% ¢l Balanced
Heat Recovery(BHR) systemoll A= o2l A5, dF &

7 R ERE S 7HA 7] Al WiFelA AT BE IS 356
A& ZEet= Jidoelt) o 4

ol FAlel HAE Fg d

2 olgdte]l YEhy BE A 5 9 Rolnk(1¥ 2-15).
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COOLING TOWER

_ -~ HORIZONTAL
~ “WATER-LOOP HEAT
- PUMP (TYPICAL)

SUPPLY PIPING — — — — — RETURN PIPING
[Z1¥ 2-14] Heat Recovery System Using Water-to—Air Heat Pumps
in a Closed Loop3l

31) Ibid,, p. 9.19.
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Temp.

Supply
Energy for
Heating
R SN
Return Hot Zone
Return
Cold Zone : _______ —_—
Energy for
Energy Consumption of Cooling
BHR system
________ ,
Supply
Heating Cooling

[19 2-15] Concept diagrams of BHR system32)

=49 %+ Thermal Energy Storage System(TES)e 7j@oz &
AlZE o] AREE el A mi Al D& AATAY A% mAed dE&
Fwohe Alz~"oltt HVAC &2 %88 25 ZAE 9 TESE 4
el #E gefe 2xdl®E A4 d 4 vk ASHRAE| A = Sensible
Thermal Storage Technologyel &l ole] gk /3 2 2% 7
ek A8 W, 54 Gl s AAS] AAIHIL AT, dE S xR
WAA = Aol ol 2= olFolA o, 2 BE A8 Tl 7t
w2 v4l418 kJ/(kgK)ls 7HA AL Q7] wiEel a2 2 A2 9

& oAy A A Sxol st Was o2 7hA Rgoer A8l Tt

32) A% op. cit., p. 15.
33) ASHRAE, op. cit., Chap. 50 Thermal Storage (Altanta: ASHRAE, 2020),
p. 50.4.
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- Swimming pool
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water with

‘ Storage tank

Air-source heat pump system
(Conventional) Building exhaust heat recovery system

(27 2-17] =" Aol A7 594 slEFZ AJ=q 48 4]

40) Ibid.
41) A2 op. cit., p. 24-2591 4 A <1&.
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[2¥ 2-18] Distribution diagram of T condominium in research by
KEPCO

a9l A4 Al#lE+= Byrne, P. et al.&] 75420434045 0] Ut} of 7]

M= HFCeF CO2E A &3dto] sAYETS 9% s|lEfHZ Alade] 7

42)

43)

44)

45)

Byrne,P. et al, “Experimentalstudy of an air-source heat pump for
simultaneous heating and cooling - Part 1:Basic concepts and

performance verification,” Applied Energy(2011), 83(5), pp.1841-1847.
Byrne, P. et al, “Experimentalstudy of an air-source heat pump for

simultaneous heating and cooling - part2: dynamic behaviourand
two-phase thermosiphonde frosting technique.” Applied Energy(2011),

83(9), pp. 3072-3078.
Byrne, P. et al., “Exergy-based comparison between a heat pump for

simultaneous heating and cooling(HPS) and a standard reversible heat
pump,” (proceedings of the 23 IIR International Congress of

refrigeration(ICR 2011).
Byrme, P. et. al, “Modelling and simulation of a heatpump for

simultaneous heating and cooling,” Building simulation(2012), 5(3),
pp.219-232.
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[ 2-21] stejB 2= Bt9)o] &7 ZJef W3t

Niu et al.8] AWM= HADEAGEZ A2dd DGR

48) Niu, JL. Zhang, LZ & Zuo, H.G. “Energy savings potential of
chilled-ceiling combined with desiccant cooling in hot and humid
climates,” Energy and Buildings(2002), vol. 34, pp. 487-495.

_34_



A 2"l dgtsto] Al o7 = AW HVACS FHE=%=(16T)
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Alz~dll tH] 449 ol| A "3kl o] Fojtt I W7t i e A
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o HAE2L7t A =R Y] uio] o] A"l FAFsr Wk
ofyg ddFste dF HHEedeSs & F vk 22y SHE(ALEH])
of thgk ek G lo] HWAEALY sid ko] ARt el o
Sk ek (2" 2-22]¢F [29 2-23]2 A&d AE=et
8, Mandegari et. al49+ HAIZHE =2E
3l EAstlen, dE- 7 de9rt 29 A, 74, A
, 2H 3 S£x A9 379 25=d dEdne Ad 5
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49) Mandegari, M.A., & Pahlavanzadh, H., “Introduction of a New Definition
for Effectiveness of Desiccant Wheels,” Energy(2009), vol. 34, pp.
797-803.
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ikg/kg)

Humidity ratio

, b= 100%
0.025 | 9
.02 | |
u_u|5§ 5 \ 7
0.01 / 5 \ 8
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Dry bulb temperature (°C)
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[29 2-24] 5371 % A9 adiabatic efficiency
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Dwheel — 1— _ (21)

where,

A is the Specific enthalpy of moist air (k]J/kg dry air)
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o Al 270 & W HAE &
&2 A4 80.2%, 88.0% Ao W sdo] 270 Wit w¥E &
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50) Mandegari, et. al., op. cit., pp. 801.
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4. A A=A Al 2El

(1) e A
AEdA B AUAE ol&stes A5 A= 9o Hds F3 st
AN IGA =A ol g3het. Hd e FF= A Al 7FA )™ photovoltaic
panel(PV), photovoltaic & thermal panel(PVT), solar collector® U+
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A YA = AEH heat sourced 93} o] E o] heat sink?]

T2 R AFLEE T A9 Ag Hurle @ HAs Lo
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o

AALE = 3¢ ALl air source 3 EHZ R} ground source

B EHIZE o] &3 Ao] Coefficient of Performance(COP)7} ol t},

o5 H = heat sink® o]&¥H SEFHZ FHES AT HEgo=R
Ay dugdil, A ALEE wdel AT 2=7F EolbA vk
0CE "= 45 t7lsel mdst= 3ol fElsk™ ground sources
o]-gst= A4 W 8h FVl= AT EF AD JEJILY] FTHE

51) J.S. Kim, O.J. Kim and J.T. Park, “Geothermal Heat Pump System,”
Journal of the KARSE(2003). Vol. 20, pp. 71-83.
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m;zir* Cp, air* 4 Ta[r.ccl - m;cl * Cp. water* 4 chl (32)
m;zir* Cp, az'r* 4 Tui7,002 = m;cz * Cﬁ, wuter* 4 chZ (33)
QSen = m{;an * Cp, water* A T[Jan (34)
m;zir* C]). air* A Tair,re‘g = m;'eg* Cp, water* A Treg <35)
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m;'é'l* Cl)v waz‘er* 4 TL’L’I = mha;,ccl * Cll- water* 4 TCWT (36)
m.MZ* Cp, water* 4 TL‘L‘Z = mha;,eeZ * Cp, water* 4 TCWT (37)
100* Cwater* A Tyn = 1 yan* Coroater* A T (38)

m(,:WT = mlzx.,ccl + mhx..cc2 + mhx.,pan (39)
My0* Cy. water™ A Ty = Moz yes™ Co. water™ 4 Trrwr (3.10)

(3.11)

Mygwr — mhr,reg
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CHILLED WATER LOOP:Plant Supply Side Cooling

Demand Rate [W](TimeStep)
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CHILLERHEATERMODULE:Chiller Heater Cooling Rate
Unit 2 [W](TimeStep)
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Real regeneration coil rate vs. Ideal cycle heating rate [W]
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Produced Thermal Energy [MJ]
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Abstract

Evaluation and Applicability of
Renewable Energy-Based Heat
Source System for
the Net Zero Energy Apartment

In Summer

Hyusan Jang
Interdisciplinary Program Urban Design

The Graduate School

Seoul National University

This study is a basic study of block unit low energy system, and
aims to derive a method for combining it with renewable energy in
an apartment by constructing a primary and secondary system that
can be operated under LTH & HTC conditions while improving
summer occupant comfort. In the past, the above model construction

and evaluation have been made on a per—building basis, but research
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focused on the terminal system and heat source system in the
multi-unit housing unit is relatively insufficient.

Therefore, the purpose of this study was to derive the
implementation direction of the primary and secondary facility
systems for occupant comfort improvement and low-energy operation,
and to propose a new heat source system and review its feasibility.

In Chapter 2, in the process of arranging the concepts used in the
study, the history of the facility system, the basic principles and
literature review of the secondary system, and the basic concepts for
the system configuration of the primary system were summarized.
Through this, the importance of the mechanical system developed in
this study was described while establishing the research direction.

Chapter 3 evaluated the desiccant dehumidification system and the
decoupling system of the radiant ceiling cooling panel. In this study,
two cold water coils were installed on the dehumidification side at
the front and rear ends of the desiccant rotor for independent control
of the dehumidification side and the regeneration side and to realize a
stable discharge temperature, and the regeneration side regenerated
the hot water coil to supply the amount of heat required for
dehumidification. It was operated independently using a coil. In
addition, it was possible to suppress the occurrence of dew
condensation by supplying water at a temperature above the dew
point temperature in all cooling devices. Regarding indoor comfort,
both ASHRAE's comfort range and Fanger's PMV were satisfied.

Next, the cold water supply temperature was mostly supplied at 14°C
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from the primary side and 14°C or higher from the secondary side,
confirming that operation under high-temperature cooling conditions
was possible. This suggests that it can be combined with a heat
source system by utilizing renewable energy in the future.

Chapter 4 first examines the energy consumption pattern of each
household based on one apartment building. Since the energy
consumption pattern is sensitive to the occupant’s behavior pattern,
the measured values were applied especially for the hot water supply
profile. Through this, the energy consumption was identified by
setting the power consumption and the heat source required for hot
water and hot water supply to district heating when the cold water
required for cooling was produced by the heat-reducing heat pump.
Next, after confirming the difference in energy consumption for each
main type, a heat-storage heat pump heat source system using
renewable energy, PVT and geothermal heat, was designed according
to each main type. Renewable energy application method and required
amount of renewable energy are presented for one-shaped, L-shaped,

and double-winged types.

keywords : LTH & HTC, Net-Zero energy, Thermal storage

heat pump, Renewable energy

Student Number : 2019-26608
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