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Introduction

1. Education Background

Bachelor 2007. 03 ~ 2015. 02 Refrigeration and Air—conditioning Engineering, PKNU

Master 2015. 03 ~ 2017. 02 Refrigeration and Air-conditioning Engineering, PKNU Research Topic: Ocean Thermal Energy
_ Human Environmental Systems Research Topic: Adsorption Heat Pump

Dosier 2017.10 ~2020. 09 Department of Engineering, Hokkaido University System

Study on Adsorption Heat Pump Using Composite Natural Mesoporous Material as Low—carbon Air Conditioning

Doctoral Thesis (Hokkaido University, Supervisor: Katsunori Nagano)

: * Research Field
- mﬂime
// . P . . . \\\ zg
/ « Low carbon air—conditioning using adsorption heat ? H?‘%
pump (EH| WE7|E 0|83 KEtA ZX) s
855
«  Brine chiller for semi—conductor manufacturing §§§
- - 533
process (HI=R| 3HR Hat0l 22| i)
- Development of seawater cooling, ice making %é
system (3l W24, T4 AJAE 74 ot
\.» Heat transfer CFD (BXE =X[5l) /
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COVID-19 and OMICRON (Z£L}192} Omicron t0]|)

The Omicron variant is on the brink of dominance in Denmark and London, Characteristics of spread of COVID19 X Figure out spread root first, then

and has sent cases soaring in both locations (ZZLH9 HjO|2A0| It £4) prevent and respond properly.

Daily cases in each country/region (in thousands), by variant * Still unclear main Spread root of COVID19 and Omicron (mxdgl %_E_g@- in
Denmark London 3% E‘:I _?'_ELH 9 Hl‘OlE‘Iﬁg_l IJILI' %)'E)

E ’ « Airborne infection through particles smaller than 5 microns — Assignment of

S 6 HVAC system (5 0|22 0|5} 27|2] YAt S7|5 7 HVAC AJARIGIA CHRO{0F

: St 1t

3 4

N

o

Other Omicron 2
variants
1 J HVAC for COVID19 \ 4
Ol i T ! T T T 1 T I T 1 2
May Jun Jul Aug Sep Oct Nov Dec May Jun Jul Aug Sep Oct Nov Dec (iELH 9 EHC’ HVAC)

Source: FT analysis of data from UKHSA and the Statens Serum Institut
FT graphic by John Burn-Murdoch / @jburnmurdoch ®

\ "Ventilation and filtration
(\% provided by heating,

OFT
\ / ventilating, and
air-conditioning systems

can reduce the
airborne concentration
of SARS-CoV-2."

B Eloomberg.com

Omicron's Spread Across Hotel Hall Highlights Transmission

The omicron variant spread among two fully vaccinated travelers across the
hallway of a Hong Kong quarantine hotel, underscoring why the...

13=

= =E
Is the omicron variant more contagious? Is omicron
airborne?

The omicron variant of the novel coronavirus has dominated news .. Some
cases were found in Hong Kong among travelers from South Africa. -

2z = The Society of Air-Conditioning @; ﬂﬁﬁﬁlﬁkgﬁm*u * ﬁiﬂiI#%
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HVAC Systems of COVID19-era (2L 9 A|Cf2] HVAC AlH])

(Report) HVAC of COVID19-era | Prospects of integrated HVAC unit

(E8 HVAC £L4/2| X4t

=357 EHE HYAC X|CHA| R 74015}t " - Development of All-in-one device having the function of ventilation, heat

4
4

| — iy = —_—

recovery, dehumidification, cooling and heating, sterilization. (&7], €3l A&, &
el AT 7158 HE SQUE HVAC FX[Q] 7H)

"Combination ventilation” trend. HVAC is | _ |
| di h ket - Obstacle for development of All-in-one unit and compact design: Latent heat (2
eading the market. Q121 SR| A0 HONE: B71E Hies S5

- Development high efficiency latent heat recovery element. (1 Mds T 34 A2H
EQ| 7H)
» Integration of All-in-one unit with desiccant dehumidification rotor. (244 Xi& 2§ |

NEE L

\ g *
pU
Ventilation + heat/cooling Jehumidification
@ The Society of Air-Conditioning @E ﬂﬁﬁﬁlﬁkgﬁm*u * ﬁiﬂiI#%
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Ventilation system (2t7| A|AH])

Operation Modes of Ventilation Systems with Heat Recovery

Ventilation mode Filtering mode Bypass mode

Diamond type Hexagon type Square type

Heat recovery devices
a2l FX)

Prospects of ventilation system

msscssssssnnnnanncsssanan amsccesscsnmmnnnnsssssenn @ cmnrennnces , = (m] .
g L e i 7 W L) \
o N ¥  Problem: Latent heat recovery rate is much
lower than that of sensible heat. (2XIE: &< 3
ST s |- = =
SN k | 4 HIBO| 3% 314 HIHICH IR W)

- Total heat recovery in summer (45%) and winter
(70%). (OIEE M §80| 45% =210 Biel| A4S

H2 Ml S22 70%)

.+ Enhancement of latent heat recovery is essential.

1

AY ’
\,

(B8 MY Bi4 A5 B R 917 1) Pl
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Heat recovery device (2 2|4= EX])

. I : o Sensible heat exchange lotal heat exchange .
Installation of ventilation unit (3% mah (RSN
(Temperature) (Temperature + Humidity)
e
W Air Heat <4
“Heat Heat
Heat Heat Heat °
Air_ MoistureAir . . Moisture
(Heat,moisture) | I (Heat, moisture) ,
Heat Heat Heat ’ ' ‘ ‘ ‘ .
Heat Heat Heat /
Moisture Moisture

"

F2

The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan
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Air purification with air filters (O|O{EEE S8t 27| HsD -

Air filter Rating of air filters (MO{ZEHS| S&

MERV (Minimum efficiency reporting value): ASHRAE classifies air filters

{ AEROSTAR f‘f?

r\ >~‘i
f‘”‘16x20x1 N

o/
?: HEALTH
1N

‘L

N\ ' 4

)1‘-n‘/
ik

into 1~20 grades (the higher number represents the higher performance)

)”

xux f

~~~~~
- S
4 N,

Removal of Bioaerosols by Filtration and Outdoor Air (OA)

Ventilation

0AS% (AQPHMERV]Y EEEEEee—e ey

Usually air filters with MERV 17 above is classified as HEPA filters. (K&
OA 19.5% (VRP+30%)+MERV13 .

O= MERV 1758 0|49 ZE= HEPA ZEIZ £5)

0A 15% (VRP)+MERV13 .
Most of AHU adopts MERV 7~9 filters (medium) which shows bioaerosol

OA 5% (1AQp+MERV?
removal rate of 40%. If the higher grade air filter (ex, MERV 13) is applied,
. . OA 19.5% (VRP+30%)+MERV7 ——

bioaerosol removal rate rises up to 856%. (22| AHUGI= HIO|QUHHZEE

OA 15% ERV7 I
R 40% +72| MERV 7-02| O|CISLE} AR, 012 MERV13 22| 14 idic

0% 10% 20% 30% 40% SO0% 60% 70% 80% 90% 100%

S ZEEZ WA ZL HAHE2 85% K| 5712) \ » I s
“ oaerosols removal efficiency /

\ ~,
\ S
e

-
—"’

Careless application of higher grade air filter may results in lack of air flow

* Source: |. Biran and A. Goel, HVAC design in commercial building to mitigate
COVID-19, 2020
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Impact of flow direction (f& 'E!Q-I dsh

------------------------------------------

i[9\ Negative pressure ward e T
« Direction of flow should be different: D To prevent the virus transmitting e

between rooms (=), @ To resist the entry of surrounding contaminated air (+). o

(B7]| /3 Leko| Z2jof & @ CHE 37O 2 HI0|H ATV} ML= AS 97| I5HA] 0. 1-

=3¢, @ EE 3717t SIS R RYSH= AS YXISH | flciM= L) .

+ The negative pressure is only maintained when doors and windows are fully
closed — Anteroom is required to separate the ward and corridor. (S22
Z2X| =1 20| EA US mTt FEE — HE =L AL0]of] T 0]2k= 7H'F0| E
)

[ )
DAY W Air S'l]pply
Ll E &l Air exhaust

= Airflow
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« The pressure difference ranges from 2.5 Pa to 15 Pa. (3212t 2219] X}0|=
2.5 Padt 15Pa AfO| =&
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* Source: J. Y. Kim, J.K. Hong, A numerical analysis on contaminant air leakage

B \ according to pressure difference and exhaust location of negative pressure
Intensive care unit (ICU) Negative pressure ward isolation room, SAREK, 2020
(%QII‘%) (gﬂ'tg*l) @ The Society of Air-Conditioning @3 runEz AR c §ETITHFES
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Impact of flow direction (RS 25| Hsf)
Effect of exhaust location '

+ Aside from ventilation amount, ventilation efficiency is dependent on number and
location of diffusers — Ex) Ceiling exhaust and Wall exhaust. (&7 |2F O|2|0{|x &t7|9
S22 ghli7|7e =Xt x| YX|o] Feks W3S

+ Cough produces 3,000 particles of droplets, and their size ranges from 0.6~15 um,
Exhaust and deposit characteristics are affected by the droplet particle size. (7|&2
0.6~15 1m2| 30007H2] HIZ XS L HA|7 |0 HiS 2t E| X2 QX 7|2 HES H3)

Two different exhaust condition (Case A, Case B)

B supply air
B Exhaust air

PR I

Particle Diameter
0.3 0.5 1 5 10 20

* Source: M.J. Jung, J. K. Hong, A numerical study on cough particle dispersion and deposition The Society of Air-Conditioning @y aunmx AR RAMN - HEI S
according to the location of exhaust air diffuser in airborne infection, SAREK, 2019 sxrce and Refrigerating Engineers of KOrea 1. cocicy, of Heating Ar-Conditioning and Sanitary Engineers of Jagan
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Impact of flow direction (/S W&k Hsk)

. . Temporary cubicle
IR Sooce o Negstve Prossurs v J emroan o

- Li et al. measured the ventilation performance of 38 SARS wards after 18month of establishment,
and 60% of toilet «> ward were operated under wrong airflow direction. (387H2] SARSHZ 2| &t7|
HsS 2= HEOo= B 18718 R0 S 21t 60%2| sE4-HA 37|93 YWako| ERF)

- Nondurability results in shortage of NPW in the case of emergency (SARS, COVID19 etc). (NPW
9| Li742| HIZ SARSLE COVID192| H&0M HAS| HES 0F7|§)

- In case of emergency, temporary negative pressure cubicles can be a good option. (H|4} AZH0f| A

— o S235 o
£ QA SUAO| AB0| BB S SHY + U

Factors for failed pressure control

/ (12 2 A 291)

+ Inadequate reliability of pressure monitoring and
controlling devices. (&3] BLIEE, ZH FX|Q| H4l)

- Strong diffuser flow directed at the door, and interaction
with other exhaust ventilation system. (2Z0f|A{2] A5t
7|5, CHE Hi7| A|ARIDO| HSAR)

« Poor air tightness of suspended false ceiling. (71%9]

Nod S 7|0
. FAESH7 (L)

~.. e
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Impact of air flow pattern (7|&F I{EIS] HeH
Effect of exhaust location o .

Number of particle in breathing zone Number of particles in the breathing zone \
around the bed

- Exhaust location (high exhaust, low exhaust and both) greatly affect -

Low Exh. L&H Exh. High Exh.
(o] =3 k=1 400 et 85
ventilation performance. (H]7|722] §IX| (M5, 5K, L=)0f| M2} &7 o wo | . igh Exh.
50| 2 52 ” =
250 -_I
- Relation between direction of cough jet (sitting, lying) and air flow is 200 |- _ = 2 8
. . . 60
important. (sometimes 12 ACH removes particle better than o 0
T6ACH) (71E9] e (H0IU= 2 FUD)U SV IR A SR 50 20
= o L - ' : ' 0
cl%!- - 1 2ACH %%-FQE 1 6ACH §|_I-7 |%-I: L-'Hl:ll %I::: IO:IXI- X."7-| EOI AI- \ Case 1 Case 3 Case 5 Case 7 Case9 Case 11 Case 1 Case 3 Case 5 Case7 Case 9 Case 1°
EE" 7|_ ol ) \‘ Sitting patient Sitting patient /
MO -~
* Source: F. Memarzadeh, Improved strategy to control aerosol transmitted
T Ve cvEE e ) el e GO Lying infections in a hospital suite, ASHRAE, 2011 )
p y Number of particles in breathing zone Number of particles in the breathing zone \\\
 TEE T around the bed \
Bathroom exh diffusers (41';'; é::;f)user :zz Low Exh. L&H Exh. High Exh. 160
(100 CFM) o i 140 Low Exh. H Exh. High Exh. 03 min
o 120 @5 min
- 100
200 80
150 | = = = = L L 60
100 40
50 20 | . . L _— - .
High 0 ; 0
exhausts Case 2 Case 4 Case 6 Case 8 Case 10 Case 12 Case 2 Case 4 Case 6 Case 8 Case 10 Case 12
p Low \~~~ -
/ ‘ exhausts The Society of Air-Conditioning @E runEz AR c §ETITHFES
— SAREK and Re'ﬁgerating Engineem of Korea The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan
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Impact of air flow pattern (7|15 IjEl9] 22H

. . q a * Source: A. Churazova, How to optimize displacement
I[o/s][B Displacement ventilation - - ventilation design with CFD, SIMCSALE, 2020
Mixing ventilation -
i—llé;

7
’

- DV is air—distribution strategy that introduces conditioned outdoor air at

a low velocity for supply diffuser usually located near floor level. (DV 24
2 X2|E 27|& HE v dX|H HETE ol MLeE 35T “ “
« The cool air, pooling near the floor level, accelerates because of the / -’ \-\
buoyancy force, and is then carried up into the thermal plumes formed ( ) ( )
by heat source (occupants, electric appliances). (HIS 2i|2l0f| ‘&9l X7+ ( O g O ) " “
37l= 20i| sl 715 =1 SEHFXL, 71710l 2fh ¥-d=l= Thermal \ /
Plumedi| 2Jaf &5

I [s]o]3 Location of supply and exhaust Displacement ventilation

Exhaust (mixing and displacement
(—
Dlny : n

The Society of Air-Conditioning @9 runEz ARl c §ETHES
SAREK and Refrigerating EHQiI‘IEEl"S of Korea The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan

Induced Airf—=—
Thermal Plume
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Impact of air flow pattern (7|15 IjEl9] 22H

Effect of ACH in Mixing ventilation ' Effect of ACH in Displacement ventilation

B Student E Student

R . B Wall and Ceiling B Wall and Ceiling
L’ g ) \) B Desk and Chair B Desk and Chair

B Exhaust ® Exhaust

e s

1/J x\(

o))
o
=)}
o

.. g Displ t ventilati
Mixing ventilation 1splacement ventilation

I
o
I
<

Aerosol fraction [%]
Aerosol fraction [%)]

2
o
2
<

4 4
Air change rate [ACH] Air change rate [ACH]

* Source: Y.L. Vong, Y. A. Abakr, Numerical study of the impact of ventilation system on the The Society of Air-Conditioning @) punms A ZREH - HETFS
spread of infectious aerosol transport in a classroom, Nottingham, 2020 eane and Refrigerating Engineers of KOrea 1. coqes, of Heating Ar-Conditioning and Sanitary Engineers of Japan
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V HVAC in COVID-19 Area (221119 A|C{2| HVAC)

Topic 1: Proper ventilation

i

LL T

EAH vl

=71
100% OA Induction

RA SA
Ventilation unit

« Refrain recirculation of indoor air, utilization of Ventilation unit (&
3719 M=2tS XY, 87| @A M= =2
+ Ways to relieve increase of energy cost coming from increasing
ventilation rate. (&712F S710]| T2 G| X| H|2 S7} 245} Hioh)

+ Heat recovery device: Ensuring high moisture transport, air
tightness (rotor type, plate type). (83|14 HX|: £235|4= &8 S, 7|
LY B4

+ In case recirculation is inevitable, consider use of high—level air
filters, UVGI etc to manage air pollution. (Rf=2t0| 275t AHL 11
s OO HELL UVGI 279 HE 1)

Source: Applied and Environmental Microbiology, L. Casanova et al., 2010

Topic 2: Humidity control

condenser

OA

eVagorator
EA RA

Hybrid desiccant rotor

1 2 3 4 5 6 7 8 9 10 1 12 13 14 days

SARS survival vs Humidity

 Maintain indoor relative humidity between 40~60% to prevent
airborne transmission of COVID-19) (Z2L4192] 37|= ™I} HIX|E ol
40~60%2] ML HEE RX))

- If relative humidity is too low, (MU&E7t HF 22 4Q)
1) Moisture evaporates from droplet (H|Z0f|lA| =& S4) — Smaller
droplet (H|Z37|24) — Stay longer in air (27|= H& &7}

- 2) Moisture evaporates from droplet (H|Z0IA 2 S4) — NaCl in
droplet extracted (H|Z & NaCl &) — Activation of virus (HIO|2{A &)

« 3) Dry throat (Z1Z8} 5) — Lower immunity (H= Z4)

The Society of Air-Conditioning
sanex and Refrigerating Engineers of Korea

(@) auumzAZRAH - HEITHFR

The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan



Topic 3: UVGI (Ultraviolet Germicidal Imadiation)

UVGI unit indoor

Application of UVGI in ducts

« Air sterilization with UV—C Irradiation (UV-C2 £5 27| A7)

« UV-C makes the DNA structure of virus transformed into
harmless microorganism. (UV-C= 0’22 DNATZE HYA|H F
olist OS2 H3})

« Irradiation time may be too short to ensure the effect. On the
other hand, cooling and heating coils, filters and duct itself may
have sterilization effect. (EE W AX| UV-C= B2 A[ZHLH XflMS
SE06| ZAGE| 023, WA 3 HEQ| Add up7t 7|Ll)

* Indoor UVGI unit can be utilized partly when the space is not
occupied. (AL &5 UV-C= Mo G2 012 7tsHe = FZ0

zo)

2022 SHASE Kinki Chapter & SAREK Busan—-Ulsan-Kyungnam Chapter

HVAC in COVID-19 Area (221119 A|C{2| HVAC)

Topic: HVAC System in Post-COVID19

Topic 4: High—grade air filter (HEPA)

B> PRE-FILTER -woooosorsoe CARBON FILTER - HEPA FILTER -5

HEPA virus collection

* Filtration of COVID-19 virus with High—grade air filters (145 ZE{Q| X
28 538 COVID HI0[2{A 9| 0f1})

* In some case, filtration can be more effective then ventilation regarding
dilution of COVID-19 virus. (Z<0| 2t 8720t o1ty 25t Hio A
37t EEHYU 4 US)

- Increase of ventilation amount will result in latent load, energy cost. (2]
71 EUEE SN 7= A2 UE L FolE S7A 7|22 HIE & oA
AH| 459 227t )

- If simply increase ventilation amount with current HVAC system,
possibility of failure of temperature and humidity control. (Zt&35| 217 |2
= =ol7| floli 2719 =S =8 42 STH0of dIiE = US

@ The Society of Air-Conditioning

14

@) runmaA 2B - HETHFS
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@ HVAC in COVID-19

‘ Energy Efficient HVAC
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Necessity of HVAC Energy Management (0| X| &2|2] TR M)

Management Regarding Nuclear Plants Policy on Reduction of Global Warming

Post 2020 National CO, Emission Reduction Targets

from United Nations Framework Convention on Climate Change
SUNNPNISR e L E RO bl _ comny | Reduction target 3
(E9=%)

&9 = USA By 2025
19 03 o reduce 26 ~ 28 % compared to 2005

By 2030 carbon intensity of its GDP
B-g China
5.6 reduce 60 — 65 % compared to 2005

n3

By 2030
reduce 40 % compared to 2005

EU

2]

By 2030
reduce 26 % compared to 2013

620 @

[ O 1< O < 1 HE=RPN TR /A
Tg=AIBAR 148 074 230

Japan

By 2030
reduce 70 ~ 75% compared to 1990

Russia

&.‘i’: Korea By 2030
hd reduce 37 % compared to BAU

W
- By 2030 carbon intensity of its GDP
[C] India

reduce 33 ~ 35% compared to 2005

* Necessity of HVAC Energy Management (EEZQ1 2 &2

« Electricity cost is expected to rise as the portion of NG and
renewable energy power generation increases, instead of relatively
cheap nuclear power generation. (59| 0f|L{X| &t MzHof| mi2t |
FIS20| ZIASHD QLT ZHA IR CHAL HIM NG 218, ARHASOILAX] Bt - ‘Building’ sector takes as much as 16% of entire domestic target of the reduction.
o HIZO0| SBIM HEAMHIZH 5718 HOR HY) (BU ZEZHEZN TS LR0IMC| ZAESELL HH|O| 16% +XO02 45| &2)

« World’s Trend on Global Warming Gas Emission (2&!7tA HiE2f ZEA 0| M|AH|Z{2l

Cooling energy demand takes approximately 23% of the maximum - Efficient utilization of HVAC energy which covers pretty large portion of ‘Building’
electricity load in summer. (GIE3 2|0 X2 235}0| o 23%= L0 sector should be accompanied. (20 X[2] 2 £2E XIX[5l= SZEE0A2] 0f|L
o|Sh M= £=20] 2|5t A) X2l &2%91 0|20| 27 E= 47F)

The Society of Air-Conditioning @E ﬂﬁﬁﬁlﬁkgﬁm*u * ﬁiﬂiI#%

sancw 8Nd Re'"geratmg EI'IQIHEEFS of Korea The Society of Heating,Air-Conditioning and Sanitary Engineers of Japan



HVAC cooling heat source

m= Thermally—driven chillers
%

. Solar heat

==

Waste heat from

Industry Low grade heat-driven

Ad/Ab chillers

120°C 150°C

Hot water driven
. Absorption chillers

Adsorption
chillers

2022 SHASE Kinki Chapter & SAREK Busan—-Ulsan-Kyungnam Chapter

Various heat sources (C}et HH 4H]|) L

Refrigeration, chiller

1807%C™

Vapor driven

Absorption chillers

Topic: HVAC System in Post—-COVID19 p

Efficiency enhancement (Ejector refrigeration)

== Fjector refrigeration system (Thermally—driven)

Capillary Tube

Ejector
‘. =
ﬂ Evaporator
,ET-=-“ B
Cold ’
. Water '
g&

Thermo-
Expansion
Valve

Generator

Hot
Medium =

Cooling

Water Downstream Flow

——t3 0
Upstream Flow

Receiver
Downwind Evaporator

Upwind Evaporator

PUmp

Vapor compression refrigeration system
== Application of HFO refrigerant

The Society of Air-Conditioning
sanex and Refrigerating Engineers of Korea

@) sunmsA R RAH - HETHFS
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Desiccant Dehumidification (Z44] Hl&4AlH|)

Outdoor humidity is greatly high (i.e. rainy season) (2172 A& E7t Q6| =2 X74: Z0t

HS)

Space requires greatly low relative humidity (semi-conductor storage) (eS| 2 MUE
EE Ho= of= &4 U201, 2R 1M 3E )

The outer plate s = y . .
e T P Prospects of desiccant rotor system
. The standard alum L ," A A ElO at N
-zrifr‘\c pltate:d wgh glood . Standard bearings(HRB or NSK) (?i _lX‘".:, Alé '='_'| '1—10)

corrosion  resistance . Stainless steel bearings

and hea resisance;  Comicepings L » Outdoor air supply tends to increase due to current issues on pandemic (&ILH 2t7]0f]
5t 0|37+ LOX|H 2J7|=Z0| Z7P)— Dehumidification loads increases (67| Mi&5Es
Rotor's material 9| Z7h—This system can be one of the options to handle increased latent heat load.

Ordinary silica gel rotor (PSS)

Skeleton

(Ol X] £2HQI ChA SHOIA £2f
«  Utilization of low-level thermal energy and wasted heat source. (MG H o &) |

\\ l,
N, %

1. Galvanized sheet

2.Stainless steel (with clean requirements, such as pharmaceutical)

~. -

The Society of Air-Conditioning @; runEz AR c §ETITHFES
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Radiation cooling, DOAS system (SAtdtul A|AEM DOAS )

Advantage of radiation cooling

51 A} LHHEA| A O] XEXS |

E=X: MH|XMg, 0|33 £, 2017 « Good thermal comfort due to radiation and natural convection. (A SHE|

o[t Y2 HZI0| 243101 HHZHH0| 24
Adr system

« Air flow in the space is moderate, meaning less partial discomfort by high
velocity air flow (7t L 37(2| R4S =0i| =AH HEA7|X| &) — All air
system tends to supply excessive air flow. (F1Z7] 2A10f|A] A5t 4= =t
St &SO= Q5 SILS AsY

Convection only

Radiant system

Convection + radiation

g - Indoor temperature may be maintained 1~2°C higher(cooling) or

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
lower(heating) — Energy consumption of source system 8~10 % reduced. :
(FZ7| YA A ARECH AHRES 1~27C EHLHEY) SAI(HY) 28: SANAY |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

« Utilization of radiation cooling system (SAFHE A|AH)

L4 X] 8~10 % ™o HZ)

- Cooling/heating method utilizing natural convection resulted from
thermal layers and radiation heat transfer. (%}, &, HI=0f| AX|= SAHIH
HS 0|25t SAIEL 0|2 215t XIQIR SUHE 0|25h= Wit W)

- Conveyance energy is greatly reduced as water (high thermal capacity)
carries the thermal energy instead of air (low thermal capacity). (|4X] 852
37|50 GME 80| @S0l =2 &5 0I18olE= T3 7| WA it g ks &9

ASHRAE defines radiation cooling as “Radiation heat transfer occupies S 3A =)

50% above from the entire heat transfer”.(ASHRAEG|AM= “BZtate| S

& Z =AL0| H|S0| 50% O[AIO! WLt} HpA|"O 2 Xo)) « Radiation cooling system handles only sensible heat load. Thus, independent
system which handles the latent load is necessary: DOAS (Dedicated

U.S. DOE(Department of Energy) defined radiation cooling has great outdoor air system) (EAF LIEIOIA 2AHHES S5f S50 (125t 4 QIO

potential for energy saving. (0|2 DOE(Department of Energy)2 Z%} 02 Al H|E Ciotst 0| “EY S A|AEI0| LQ: DOAS)

SARS0] O] K2 ATHRA0| 52 7|22 25 oS |
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Radiation cooling, DOAS system (SAd4tl AJAE| 1} DOAS )

Sensible and latent heat load ' Comparison energy consumption of HYAC components

= Water Tank with Radiant ) _

Auxiliary Heater +DOAS Estimated Savings= 58 to 66 %

Solar Collector Circuit o VAV+
1 Guama WSFC

6
Regeneration iati VAV
coil .
Baseline

3 |

IEC

Desiccant

Wheel Fans(including cooling tower fan for waterside free cooling)

I—_ . Boilers, natural gas
. Hydronic system pumps and evaporative cooling spray pump

« Air-water cooling system (27|24~ 42} tlAl) "‘DOAS: Dedicated outside air system
“VAV: Variable air volume

Ii Chillers (VAV Only), cooling towers, and chilled water pumps

» Radiation cooling system is integrated with DOAS system. (SAFE | B Effect of separation of sensible and latent heat (3Q/xIQ &5 0| 2Eto| Fal)
AJAHIO 7| MBS EAARI(DOAS) 2 ZEst SE)

: : . « Fan energy r ion r ir flow. (53 BHCZ 215t Fan §ol2| ¢
- Cooling(sensible) and ventilation(latent) are separated, thereby x?%}iri)gy eduction due to reduced air flow. (55 & an ot
- O

ventilation can be supplied only as required amount and to required
place. (29| Wit A|ARIS 27| L HESAAHN 22|§OZ M = LY « Chiller energy reduction due to relatively higher chilled water supply temperature.

WO LQSHOKE0| 517 |7} §UMXOZ 0|20 Z 2= )8) (MiNo=Z =2 UWa D5 20 M2 2| AH| of|X| HZH &3Y)

* Source: Yasin Khan et al., Performance Assessment of Radiant Cooling System Integrated with , i _— =; o
: ) o ’ i , X The Society of Air-Conditioning ohs) panEEARSREA - ET
Desiccant Assisted DOAS with Solar Regeneration, Applied Thermal Engineering, 2017 err« and Refrigerating Engineers of Korea T@M; ofHeating,Air—CD::i:o?;gfnd Sangmgmmﬁzsn
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