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(a) passive chilled beam (b) active chilled beam
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Selection of thermal enviromment level Determination of space design parameters
- Room air femperstme / sunmmer g, =23 26°C
- R.oom air temperatime { winter g, =20...22 oC

Selection of the mdoor air quakity level and air flow rate
* Fresh air flow requirament g =1.5...3 l'em” and‘or 10...15 Vs.person.
= Calulate mfllzation throush exzemal wall bazed on pressure / temperanme difference
| - Select relative humsdity level in the space By =30 50%
| = Primary air off-coil temperature
- Temperate climate g, =14 O {zir messture content 2. 10 gkg)
- Hot and hmmd climate g, =12 .13 OC {air moistare content 3. 8.5 g'he)
= Check homidity balance based on mfilrstion. air moisiure content and mtemal loads

Calculation of required cooling and heating capacity
~ Heat loads. (dvnammc energy sinmlations and internal loads): P < 80 (max 120 Wim®
- Heat losses P = 45 Win' foar
= Check comfort conditions {draught from windows and asymmetric radiaton)
~ Cooling affect of primary air:
B =cp, g, (g~ q) = LIS KTk ) - 1.20 kg’ “q, (g, -q)

L 4

Adjustment of building desizn parameters
¥ - Decrease extemal loads losses by berter solar shading and improved window type
= Improve the window and external wall stmecrure to decrease infilorstion

Selection of chilled beam fype
= active beam (exposed or inte zrated mto ceiling)
= passive beam + air difuzer (ceding | wall / Hoar)

Selection of inlet water temperatare (avoid condensation)

h

* Tamparste chmste g, = 14,16 °C
* Hot snd mimid climas q = 17.. 18 °%C

Selection of water temperature difference and'or water flow rate
= Tenperaie dfference A8, =q,,-9,,=2-4°C

= Water flow rate (securing nebulent flow nside the pipe)

03...0.10 kg/'s (15 nom pips)

...0.08 kg's (12 mom pipe)

.01...0.05 kg's (10 oom pips)

Select tofal and active length of beam

| *Specific coeling capacity of sctve beam By = 250 (max 350) Wim

* Specific heating capacity of active beam P = o, 150 Wim

= Specific primary sirflow rate of active beam 5... 15 1's,m (dapendent on model}

'.'.l-l Noize level and system pressore loss calculation

Selection of chilled beam tvpe, length and design parameters

Selection of roem controels

* room air temperamme iz conrolled by modnlating warer flow rae
= wo port valves with dme propordonal on-off or modular comtrol
= constant air flow rate with possible stand by mode when not oocupisd

Air and water distribution system

= delumidification in am handling unit

= taree port muimmg valve m cooling pipe to keep the inler water temperanme in desizn valne
= fres cooling eguipments in chiller | air handling unit

Building management 5¥3tem (BAS)
= dew point compensation of inlet water femperanme {summer)
= outdoor tenperature compensation of inlet water telperanme (winter)

Design of room controls, water and air distribution systems and BMS

[ 2.2] Design methodology of a chilled beam system




2.1.3 Chilled beam A|2El¢] &
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AFe 91 Ar7t 75w, 12k 3719 S35 AddA st s
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7 AW F71e] =Rk o] ow FAlE F Qv groem A7 wolof gt
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2.1.4 Chilled beam A|2H]e] AT =3

Chilled beam A| =¥ 7]E9] Y72 &%
A ER 9 ooyA] ARaas Az} Aoty A|aElo]y] o] 2 1 &
HE HAS3H] s AFA AF7F o]FoAX A . 7]E UF FERAI~E

tiH] chilled beam A| =8 A& A

>
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Sh
kel
to
&
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oX,
r <l
2
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e
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AF7F F8 olFx gow, A oluA AgFI FAYS MW AT}

SR SR

go o7|hs EstnR gx % 2 oikE TYS AT S ¥ oly
g} 71E Ul a2 2"l A 485 = reheat energyZt F01E50] AH o] &
ol astal oy v&S A 5 9l

AUA| BGo] BF A7 7hed Alageltt ARy &, oY 74 5 A
ul

7bedt mAlel ws) FrbH o s gy

7) Peter Rumsey, chilled beam in labs: eliminating reheat and savings energy on a budget,
ASHRAE Journal Vol. 49, Jan. 2006, pp. 18-25.
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2.2 BALAHAI 28] Y 2 EA

2.2.1 EAP A2 9] g

SARYEA A" ol Y MR &5 o]&ste] 50%°l7de WEE
FAR dH 2 dEsts AladolH, A2 A0S T Wshs Alade 2
Fef, HARGEA AT BALE S o] §tE R W HARZE(MRT)ZE Sof
Ag SAG 2718 WiIAAR ol &dk= 7IE tF e AL He H g
AALERE A4S FRT & s PPr gty 3 YS9 ¥

FEeEst duHon wop AA0RA MAE JUAE AgeHs] s

il

Hl

T Aske] Wslte] wEA s ¢ Jdvke Aol ok dF EAE FHE
= o]-83}+= "2 (capillary tube system)2 Wdo] 1HAS ZWSEHA sl
Ay AR = wjESAY dAgH F2ste] Algehes WAl R Fehs

A 31
o] A wdel NEFA ARESH] gk A =Eo|t

ZAGE FEZAE o]&sk= W2 (concrete core system 5+ thermally
activated building system)< 719 viel Wi} (2F) A =H 3 FA A}

g0l 7hed WA or, HEAR] ZAE & FAYLE Tk AIZE A

8) AFg, “HARIPA|2Ee] H87 diskdu]Fets] dujAd A31d A8%, 2002 8¥Z,
9-14.

9) Corina stetiu, “Radiant cooling in U.S. office buildings: Towards Eliminating the perception
of Climate-Imposed Barriers”, Ph.D. Thesis, University of California, Berkeley, 1998,
pp.24-27.
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Aa (time-lag)oll olaf A7k Wstel whe=A th53t7] ofHar A9
Aol7k ol ke wilo] o Aol ARRE EA4k, Widkre] Ajzwle] A
3} 5o Aol AUrh10

A e FolA 7HE wel ALEHE A Al WHeds FAete
Wajolnt, HAFARE LS A

.
Qg SEE 99 AL FPAAFTHE ROl Jow, 9AFAA
T

e

AP Al 2E 2 oA eF A SHA B2 offe THAAR =S5 v

=
aes AzEle] A A ARG FHLERE

=
et
(1A

rr

il

234

W2

-
o
b

rfo
kT

272 9l

rot
oy

= Twol adste] AAel wkgs)of drt.19

10) J. miriel, “Radiant ceiling panel heating—cooling system : Experimental and simulated study
of the performances, thermal comfort and energy consumptions”, Applied Thermal
Engineering, 2002, pp.1861-1873.

11) Ibid.

12) AQF, “BAF Yl Al2"4) o3 - vtiele] AES FACR-T, dxAnags] v/

Z 3% - 94, 20119 493,

13) A4, “HARgWA =gl 287 gigdugets] AduAd A31E A8, 20029 8¥%, pp.

9-14.
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2.2.2 BAPRALEY A B

EApEA 2wl AAleL HES VFoRE frHolA AlAE EN 1264,
Nordtest vvs 127 %o°] ¢om, w=e] ASHRAE Handbook- HVAC
System and Equipment®] Chapter 6. Panel Heating and Coolingo] A %=
d o] A dhste] AAE] B . 19

1 % ENI15377-1, ENI15377-2 % EN14037-2¢] <43t rehva
guidebook — Low Temperature Heating and High Temperature Cooling
o AA W& Avfetaat g

EARYEAI 28] AA= [ 2.6]13 2ol AA Al FEo= 45 = A

o A 2dg AAS e Ao, o) RahE A ste] AlaEle] &

o
=
3, 0|2 BEulE A]2H] YyH 828 AAs}

A fek g% el oA s
o FAGKE ARe) T, 27, GAEE, vhg g )3t wizke] 91
o wja Zol, B 747 Fol upek 4§ b5 A2we] Bge Agat g
ol AAHW Aol Agene FF LE, ALw, Ao PUF Ho
Wl e AAbaT o wRew TR L, %, el Yol
W7 5o AASD, AFHoE WY §Fo Aga AU Bt §F

Ao 3k A3 7]+S chapterd. system types and estimation of

14) A%, g WeEReEE nefd vehdd Y e Bg 97, Agvshn vk
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heating/cooling capacity®l] #|A] % o] gt}

o)

o}
¢

Ho

—_
file)

il

22

o)
o

TR
T

ajo
"
_
N
N
o
TR

o
M

—_
fiie)

=
o

R8s

3 lmol oo

A8 7t

}o]

S

Low Temperature Heating and High

15) Jan Babiak, Bjaren W. Olesen, Dusan Patras,

. 2007, rehva.

Temperature Coolingu
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System design procedure (chart 1)

Heating

Cooling

1. Determination of internal and external loads:

Calculation of heating load
(EN12831. or national

Calculation of sensible cooling load
(prEN15253)

Calculation of latent cooling load
(prEN15243)

Or use national standards/methods

standard/methods) -t
1
|
I
2. System type selection (see Chapter 4) 4
Ll
]

3. Calculation of system heating and cooling cap acih' I’see Table 4 4 and EN15377-1. -2)

Definition of characteristic parameters accs:rrdmg to the system type:
p - Floor construction tvpe above pipes [R;BJ'A.E gy, T. D-ext pipe diameter. Ryi.)
= | - The surface is a wall floor or ceiling??} 4
= ﬁ ¥ : By - Suply water temperature
N ; 8, - Suply water temperature : ' By - Renure water temiperature x
= E B - Retur ter temperatize p 8, - Operative room femperature = .
g .E B - Clperative room femperamre 1 ! =mall temperature drop (c=3 -5 K) I ¢
3 = 5 — temperziure drop (7 5 E) : : with mimirmm Ryz. shorter pipe distance T 2 é
=l [ w| B
: E = i ! " : | 3
8 F g 4 EN15377-1 | 1} | qo EN1S377-1 s i £
] 3 | caleulatd heat calenlated limit 1 : calculated limit calculatd heat = -1
7| flow density™ heat flow 11 | heatflow flow density* | 5| £
—_ P g # =]
< = density**, : 1 | density*, gl £
1 EN13377-1 1 1 | depends also on the EN13377-1 2
1 ! room humidity
I rL , t 1| Floordo, wanl-7o, J s des = O]
Coiingd0 (W] | |4 | Ceiling:100 (Wim]
OK'\]'/flades “dg 4 OK:ﬁ;.aes <l
[}
Qe — 4 Qr
o EN153772) | — from step 1: i1 | fromstep 1: | (EN15377-2)
| Thermal % Qux V| O 3 | Thermal
wf output of = Heating load gl :_'. Cooling load ol output of
£ surface &| (loss) per per room 7| surface
system foom EN15255 system
QF =, gar' A5 pr = cb_‘].;dn".AF
= prEN15243
R
OK:JQs < Qua OKJ0r = Qua
jooo T T B . !
! Aby = calculation of Defina numbar of Ly= A¢T, pipe length = water flow rate I
\ supply water cireuits (*jomt areas per cucit {paripheral {zame hydraubes for :
o temperatwre for g,..,  { upto 40w’ to max. 9 and cccupied zone, I; MM heating & cooling) lb'l
% ey Abv= for all of rooms, length of 8 m. {normally 50-100m} circulation pump with 1
=1 Fi and & = temp drop Rectanzular ratio max different settings 1
'
B0 1
% Z| Hearsource/sink Selecting number and Pressure loss (fiction Diesign of circulation :
_2 B conmprises: location of + manifolds) per pump, Hydranhe :
ﬂ | - Stz sysmlpf—vcar M dictbutors, sizing and | eirenit. If loss is too M balaneing Design of !
! jmﬁ"’ e seftings of manifolds, hizh zo back and safaty devices: '
! e zamitures & fittings make more ciromts expansion vessel mnk) E
! 1
e ———— L S S SRS S S ——

* Sea Performance C’har.a"ten..u; Curves for all available systems in graphs {chapter 4)
*% Surface temperatures 35 a loutng factor for the max, h.eat fiuzx ave different for wall, ficor and ceitbmg (Table 4.1)

(T8l 2.6]

2 A

BFA| A B 9] system design procedure (flow chart) (HlZ)
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System design procedure (chart 2)

4. Checlang step on hygienic criteria

Maximum surface temperature MMinimum surface temperature
EN15377-1. EN 14037-2 and 3 EN15377-1. EN 14037-2 and 3
Table 4.1 Table 4.1.

Dew-pont m zone Table 5.2

5. Does system design capacity (3.) meet the required design load (1.) and hygienic criteria (4.)?

Yes. The system will cover 100% of Yes. The system will cover 100% of
heat load coohng load. No dehumidification
No. A complementary system is No. Complementary systems are
needed: needed:
Convective systeny; floor Additional cooling system :
|| convectors. common || - medium load =40-60W/nr".
radiators - low hurmdity <12-15g/ka)***
Radiant surface system; Additional dehunudification,
= peripheral area. wall heating - medium load <40-60W/m’.
lw| - high humidity =15g/kg)***
Then surf temp can be
decreased and cooling capacity

v

1 = g
Aur heating svstem mcreased.

Additional cooling system and
dehunudification.

Ly| - high load =60W/m". lugh

- homudity >17g/kg)***

6. Heat source/sink type selection (see flow chart 3, step 6.)

**%* Surface temperature should not exceed room dew point. Dehunudification can lower the dew peint.

[ 26] SAtHEA|ARI9| system design procedure (flow chart) (HlZ)

_21_
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Step 6.: Heat source/sink type selection (chart 3)

A Total power of a heat source / heat sink comprises:
- mstalled power of the radiant surface system

- mstalled power of complementary heating/cooling systems (convectors, radiators,

atr heaters/chillers)

- heat losses i general pipes (max. 5% of usable installed power )

B. Fuel/energy type availability

Fossil fuel | ‘ Renewable energy sources ‘ ‘ Electricity
W —
= a4z — E
+ 3 5 g E Ground water = =
gs% || 2| 28 Ground soil = 5
A = o — o =)
YUig = - & 5 2
- & & = = =3
= = S8 & g
=& £8
Flat Dhrect heat
| | heat exchangeer
exchan
Heating boilers ger Cooling machines
(challers)
Indirect
Bore with Heat
holes pump

Heat source

Heat smk / cocling energy source

(38 26] ZAtdgAlAge

o o a

_22_
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=
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-
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NUA Bdes O FEAA 5 Atk

Eek Hdo] SIEMENSE FAlF A 259 Ao Wi dA19e] Az <
% W3}sl= heat gains upper bound®t lower bound® 12 3}slo] o] &
vlglo 2 FH4 2% A4 s= UBB(unknown but bounded) method®} &
5 2% W99 HXE operating mode (on off phase)E AFA3sl7] 93k

PWM(pulse width modulation) methodZ | 2ts}3i T}

2.2.4 EAYIA|AE ] AF 5T

radiant ceiling panel system AASA T A} A9 A7 m$- P
& IV A &SRR ¥ A28 WX AG Ves A F IEE
Radiant ceiling panel system= AA3 oW, g7 7|59 Sl &

AN
9o 542 weiste] AHUSH 448 452 B A 3742 §4F

ol =] a4 A"l caset F 47FA| oM, casel 7|& U/ FAI =
Bl case2+: AlGAo] A28l case3S HAEAL| YA A8+ AHU, cased+=

AAEA A 28+ DOAS =2 -4 313l ),

17) 1SO, TISO/DIS 11855-6 : Building Environment Design — Standards for the design,
construction and operation of radiant heating and cooling systems — part 6 : Controls ,
2010, ISO.

18) F[Energy-efficient applications: TABS controls , 2004-2007, SIEMENS.

19) Takehito Imanari, Toshiaki Omori, Kazuaki Bogaki, “Thermal comfort and energy
consumption of the radiant ceiling panel system. Comparison with the conventional all-air
system”, Energy and Buildings, Volume 30, Issue 2, June 1999, pp. 167-175.
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A+ A3}, 7t case?] AZF oY A| 2 (27 2.7]% o] YEFGUL
71#9] Fx2A 2B (case 1) Az oUA avHS 12 71H4sta, I HES
gk Ay AGEA A ~8S 285 A 9-(case3 | cased), air

& Y95 20% ol AFAIR Aom UEET ol&

10% ©1 A= %a, FHE

o
)
=]
=
E.
0Q
—
aQ
=]
ot
I
rO
r]I

ro
:01:2
N
i
of
N
>

>4

T
=
=
o
=
<
N
PN
e
ol
lo

GACH gas

boiler gas

air handling fan
ceiling panel pump
others

L

1.2

1.0
0.8
0.6
0.4

0:2

Yearly primary energy consumption

0.0

case

[23 2.7] Yearly primary energy consumption ratio
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2.3 Energy flow chaind] 7§¥d € Z &

i)

Energy flow chain& Luis Perez-Lombard20)7} #|¢t3l o 1 x| #-A] w}b
o7 F7FIANHO] FRHEHE Fit FE3 ANUAE F7]E AyAAE

& gAY pYsn BARE ol F, 4w 2do] U AT
W

TERA L] A
g &3 d& AeHH, 34", 571, 2271, cooling coil 50| "MEE F

gl AUAE WEA 7= ZH7E du S9EH R dEE = dy A s TeA

CCG - QCG+LCG (21)

o 7] A,
Cqe * power consumption of coolth generation [kW]
Qcc * thermal load or thermal power of coolth generation [kW]

Loe - power losses of coolth generation [kW]

20) Luis Perez-Lombard, Jose Ortiz b, Ismael R. Maestre, “The map of energy flow in HVAC
systems”, Applied Energy 88, 2011, pp. 5020 — 5031

_26_



PN

E T

S A WARE SAVAE B goR RAT + Aot
Qo = Qeon T Lpp+ Quwr (2.2)

o714,
Qcc - thermal load or thermal power of coolth generation [kW]
Qcon.  thermal load or thermal power of coilwork [kW]
Lp;p - power losses of pipework [kW]

Quwr - thermal load or thermal power of water transport [KW]
Qwr= Cwr— Lpyup (2.3)

o] 714,
Qur - thermal load or thermal power of water transport [kW]
Cyr * power consumption of water transport [kW]

Lpyyp - Power losses of pumpwork [KW]

B/ 443 2] Dad Rohiz A Roks B71%e 1elw HES T
S T2 Q1% A8 gel grow A (2.4)9 £
cor, = Qspt+ Qupny+ Cyr+ Ly (2.4)
o] 71A,
#;rﬁ'! o



Qcon, - thermal load or thermal power of coil [kW]

Q¢p - thermal load or thermal power of space [kW]

Qypy - thermal load or thermal power of water ventilation [kKW]
C,y ' power consumption of air transport [kW]

L,y - power losses of air transport [KW]

Lyr=Lpyert Lipax (2.5)

o 7] A,
L, - power losses of air transport [KW]
Lpyer - power losses of ductwork [kW]

L;z4x - power losses of ductwork leakage [kW]

QSP:m.SA(hSA _hRA) (2.6)

o714,
Qgp - thermal load or thermal power of space [kW]
mg, : mass flow rate of supply air [kg/s]
hg, - specific enthalpy of supply air [kJ/kg]

hp, - specific enthalpy of return air [kJ/kg]

Lipax = mEXH(hEXH —hpa )+ mLEAK(hLEAK —hga )— m[NF(h[NF —hga ) (2.7

o1 71A,

_28_



L;z4x - thermal load or thermal power of space [kW]
mayy . mass flow rate of supply air [kg/s]

hpyxy - Specific enthalpy of exhaust air [kJ/kg]

hps4 - specific enthalpy of return air [kJ/kg]

mypix - mass flow rate of ductwork leakage [kg/s]
hypax - Specific enthalpy of ductwork leakage [kJ/kg]
m,ye . mass flow rate of ductwork infiltration [kg/s]

hovpe - specific enthalpy of ductwork infiltration [kJ/kg]

oS A H3l, oA &4, duyA &v FHoz RFd deEhid
<GE 2.2>¢F o, o] ALt gES RO ®E energy flow chaing 748t
A=
<i 22> Energy flowel 74 &=
EF3t Q OlLR &4 L LK AH| C
LH ZFEF T4 oO=xA 1HIT
[eZ =] 0'|||:|K| AH AH HH_Tl_}, LH AA S4H9E o, oFT 84—,
- - - == of= LHZbA IHm
I=i='77|, oTT B—
= R THi 2 L S &4, .
N = T—To o= JTL-IEOl =9 = —
TS 0—— =2
37| =53 7|, $7 Doz m
— 29 —



& AolA= chilled beam Al &R SARYHAI AT S 485 93
N2AE vhAS 9 A4 A=EY] A2E A H A A 544
el g om HJriaty] 913 Ak 12 9AE skl

Chilled beam A|A=§}3} HARYA] AR O] AJ2g) E Jid s} o] o 3
dostal, 9] 71ES g e R o Alz=ge] A Uy 9 A8 Al oAb
o] AT FFS AR B dUA 2H] 54 E49 =R AR
3t energy flow chain® 71d % 4850 diaf] 223t o1 A3= @

okstl thga} 2.

2 vx T 2 A o8, A4, oA 5o A W digde=w

2) Chilled beam A|&8]3} HAPYUAIARL ekt =] 7|& B 4

AT EAE vEom Ao dH, &5 wiAR IS dAEds
Alagolng w=HeEs st Iug 255 AAsoF v &
3] 2Thet oA HEd A, A2 WHE A3 g Ao
oF AA el dg A7k Zasiet &3 chilled beam® 4-F, &
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3) 71& A7 #@Ad 2|3 chilled beam Al283} EAPA 28 7]

= Wi TRAIEH vl oy A Bl g ofE A SHelAM

4) Energy flow chain< 3 7]FgA|~"o] F25 & &1t {83 oy

AE w71 duAe ¥ RS A8 =7olth =, ¥4 £
Sdo] M FY Az Aulas = &7 CduA] ®e s

o] RS £7tha 7}A43ta o]E chaino® ®EsE HIH o]

5 53 AEEH= do] WY, §571, T2, cooling coil 5] Tl

s B3 d3yE= FAHS 3 Ao] vlE energy flow chain?]
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A 3G A" duyX] LM JIHE ¢
Aol e B A=’ AA

el oldx & 54 w4 s g AlEE el e A B AIRE A
2 AAS SR A e Frre] A9 g A= uA
i ZEIRS sk, oM AR VI R V1&g 2 de A8

o] chilled beam A|Z§3} HAPIFA| LG O] A A|ATS A7 - 53]

oh ma vlmehant s AAE T4 02% FHOR 8% A 2 AxY
AN AAE Fase] oluA B4 L BAL S1d A Fu wAel A 3

4e Ausct

3.1 A EHIA .

3.1.1 A EH ol 2218 AA

(o3

oA AH] EA BAL A|2H FAQ
2 o] Fo{ X}, Chilled beam
2AE 7] A= A H A WHd A A Wl HFHE &89

Al E-#| o] A(simulation)©] ) t}.20)
A

20) A5, ol oy Azl Aast wue] AR, dIAFES|A, 247, A9E, 2003, pp.2
8733
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Al2=® 3} chilled beam Al 2B, HARIHA]

modeling

Els

F71 s = A g

S
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= ©
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aﬂ o] A
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=N
[6)

- . .
— engineering

o] &9},

} DOE) ol A} 7}

S

KeN
=

eneryplus 7.0

o
Energyplus© "= AU A]A (9]

], Al Efo]lAd Tg e

o
RO

, 71¥2] BLASTS} DOE-20] A ¢]

o

Kl

3

el g A A e] FaA AL, 7]&E2] TRNSYS, SPARK & &8

Q2

[e=]
=

At

4ol o] Folx

A28y

=t
=

= 7]

Energyplus

-
T

e EISERSE

o =
A %

7
Ho
‘_Irh/l

B
o

B

%4

1 oz olle A (3.1) ex

Energyplusol A 23} A

ehI=t o] Felu] o] d# 54 v

“«x
=4

21) 2539,

9] =5 2004. p.40.

22) +AE,

3b s Em o
2000. (Drury B. Crawley, ASHRAE Journal, 2000).

H
T

“energy plus
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d ]; N . Nsurfum J ome '
=1 i=1 i=1
mooq)(Too_Tz)+sts (31)
where:
Ny

ZQl = sum of the convective internal loads
=1

surface

M AT, —T,) = convective heat transfer from the zone
i=1

surfaces
.

zone

m;C,(T,,— T,) = heat transfer due to inter zone air mixing
=1

m., C,(T.,— T.) = heat transfer due to infiltration of outside air
Q;ys = air systems output

dT.
2o dt

energy stored in zone air
Where: Cz :paiTQJCT

where:

Pauir = ZONe air density

C, = zone air specific heat

Cr = sensible heat capacity multiplier
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(a) chilled beam A|AHEIS 7HE =

radiant ceiling panel
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e L E
AR MEA GSEA
e 12m x 45m x 3m (H}EH BIA 540m® 2+ 163%)
7|4 olH M2
oA 7|zt 68 1 ~ 9og 30¢
ol 7| 0.1 2/m?
L& = z9 16 W/m?
7171 40 W/m?
INESPN; AM 9 : 00 ~ PM 6 : 00 (F5Y)
Schedule
Al A E AM 7 1 00 ~ PM 6 : 00 (F5%)
"o & 6mm clear + 13mm air + 6mm clear
9| Concrete 200mm + Rock Wool 100mm +
Gypsum 9.5mm
Az Mortar 45mm + ALC 45mm + Insulation 20mm +
Concrete 100mm + Concrete 100mm + Gypsum 9.5mm
HbcHopzE Gypsum 9.5mm + Concrete 100mm + Concrete 100mm
+ Insulation 20mm + ALC 45mm + Mortar 45mm
(2) F-3F AHA
i Aol AA 97 20292 A== 31.1C, 725 26.3C, 4
T 68.7%% AAEFPL, AU 5L 2A20S AFLE 26T, AUHE

=
FaHe 84.6 W/m®, Hd & k= 12.3 W/mzi A = Ak

23) ASHRAE. TASHRAE Handbook-HVAC Systems and Equipment Ch.6 Panel Heating and
Coolings . ASHRAE, 2009. (TAC 2.5%& A4 HE&x99] 714 x7)
24) FRPA, AR EETHAZAE v2011.04s | FE AFE §r w2
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By e M SHR
45,672 W 6,659 W 52,331 W

5 5 - 0.87
84.6 W/m 12.3 W/m 96.9 W/m

3.2 71& Ui FTFA2H A
E

# F2A2YY 74 % 47

Al i FRAAF A AA oY A=l

9% 7= plenumE %3 return o] wj7|E ).

Oeae }

cooling
coil
L mixing _
O o=
AHU
heating S'-;F’F"Y
RA } coil an

en | . .

Condenser loop K_/

E | | I ; Room
a | L0
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NE dF T2 A2

A Hed, ol 4 (3.2)% ol gake] Aa

G= 4
¢, * v+ At 1000/3600

2 [kg/m?’]

AHU®| A&

Qeoit = GX p>X Ah<1000/3600
o714,
q,,m[ % Zy 5 OE] J'?‘é‘]' [kW]
G &%% [CMH]
p o 1.204 [kg/m’]
Aht Ah=hyy—hrye
°]F WHYLER fan THE ot 4 B.HE
pump= AAl AES Farste] &S AT

= cooling coil®] H3l+= 2 (3.3)%

gl AAle] A A dA=, AHUNA 9 $3%= 2

=

(2} 3.2)

a3 g

(3.3)



W= 6.f2>(<) ]xin (84
o] 7] A,

W : Fan &% [kW]

G 1 %% [m’/min]

H: %7 A% [mmAg]

n, - eB7] A& (¥ o= 0.85 A&)

[e)

Chiller®] type< electronic, watercooled typel. & XAl o, &L
45.2 kW, COP+= 3.2% AASAT. Tower? type< single speede]™,
fan powert 2.1 kW, flow ratex & A-&3I3t}. ol & nfgoz A7 &
Aedk Ay <F 3.3>3 Pk

3.2.2 71&€ UF FERA=H 2dd

Alzge] mElgls Qs WA, [ 3.4]¢ o] zonedt system, plantE
CW loop
/// \\\ N
L ) L \
\ / / \
S 7 / \
-1 I \
I |
Zone — system |— plant| | |
///' \\\ ///’ \\\ | /’
\ ) \ ) /
~ - ~ o _ - \\//

(13 3.4] Schematic diagram of CAV system
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CH 33 7|18 U/ SZALES HA
=3 A 2
type singlespeed
tower fan tower fan power 2.0 kW
flow rate 353.4 LPM
type variablespeed, intermittent
condenser motor efficiency 0.9
pump power 1.5 kW
pump head 179,352 Pa
type Electronic, WaterCooled
sizing 31.6 kW
chiller
COP 3.2
outlet temperature 7C
type variablespeed, intermittent
motor efficiency 0.9
circulation
power 1.3 kW
pump
flow rate 299 LPM
pump head 179,352 Pa
fan capacity 2.597 kW
supply fan efficiency 0.85
fan motor efficiency 0.9
pressure rise 600 Pa (=61.2 mmAQg)
load 45,672 W
air flow rate 3.6 m*/s (=13240 CMH)
inlet temperature 7C
AHU .
outlet temperature 12C
coil — capacity 124.9 kW
coil — water flow rate 357.8 LPM
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AZdsto] 242+ loopw T SHA "k 7E dF XA 2" CW loop,
HW loop, Air loop, condenser loopl.& FAE T AHUA &35HE &7]
9] ¢3S e E Air loop® AHU9] cooling coildl] 355+ W9 &3
S YEH = CW loop, &% A& gt A1E (FHF A] AHUS heating coil
of d& FIFHE T IS $138 heating coild =55 FFsE HW

loop, "FAlEte. 2 Aol A chiller® WE-E ¥335+E condenser loop=

o

Air loop= [28 3.5]1¢F o] 38T 4= v}t WA 7|7} mixing box®=

o o
iR

11, main cooling coil?} main heating coilg A3 AH 222 w3

il

cooling
coil

k _ mixing >
oA box ©-

AHU

heating supply
\ RA A coil fan

plenulrr :Il

[1& 3.5] Schematic diagram of Air loop
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O-E } ‘

AHU
heating
coil

[d7 3.6] Schematic diagram of HW loop

m

CW loope [19 3.7]7 Zo] FAHH, 7|EHo =z 3 7
% chillerdl Al T35+ WYaol 9719 WZhs 93] main cooling coildll 3

g 59

ofN

w9k O & condenser loopi= cooling towerolA 9 chiller® WYE&

Warstel sk Aol o] HYL BES Fal w@Hv, (13 3.8]3)

Zol xdd vk A AFE 4714 loopE AAstA FAHH 71E o
F F2A2E AAe) AEEsL Gt
cooling
coil
AHU

Condenser loop

[d& 3.7]1 Schematic diagram of CW loop
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Cooling
Tower

o

[1& 3.8] schematic diagram of condenser loop

3.3 Chilled beam A|&Hl9] A A

3.3.1 Chilled beam A|2He] 74 = HA

Chilled beame] YW £ dHol I7|A| "ol HES 93] active
chilled beam E}S A 3slo] Al 28-S 43131 Th Active chilled beam®]
B, A HAa ] =d"HE eyl 91 AHUSE d A2ld 7]k AW
715 Egete A= AeFsy] 9% chilled beamoZ TIET o)
[2% 3.9]¢F #Zo] yetd 5 Ut

ANZ 5

Asted, Qo AR §E ABAAE FARE} 24 gonw

= E
¢l & A&ste] AlAtebd 3,240 CMH 7} AlLkE o
AHU®} chilled beam< Z}7}9] cooling tower®} chillerE %3l coilel] €
gt 2 (8.3)& o] &ste] AASAT. Z42be] v T2
Fo AA 7y A FetE et AAEAH
Tue71e AdFEs ofefo] 2 (3.5l o3f 75.8 g/kg & AMtE M,
Fa719 =8 %7 13.2Con=E A7 glo] #d Ag7}t 7bssiot
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O }

cooling
coil
mixing -
OA'y box O
AHU
heating supply
EA k\ RA coil fan

Wi

o171 A,

Wea
W,
Qiat
Vea
3.0 :

:I/I/;p

Chilled Room

beam
chiller

Chilled beam

[2& 3.9] Chilled beam AlAHIS] A EEZ

- Qlat/ (30>< Vsa)

e e719 dusk (g/ke)

AU AAzAeA e ddiE5% (g/kg)
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COP+= 622 AASHAT. Tower? type< single speed® 474 3}$ .
e,
rdy

LA Q

[e;

38

Chiller?] type< electronic, water cooled® A A3} 2™ AHU chiller

o] &82 51 kW, COP¥ 3.22 chilled beam chiller®] €& 19.0 kW,

21CY

om T,

Chilled beam=> 16T 9]
LPMo.z A8, ol& ntdoz A #he Aed 43} <& 3.4>%

o pump+ 2

ﬂ

2 99.

o}
<E 34> Chilled beam A|AEIS] MA (H )
e HA 2k
AHU 10,865 W
load
chilled beam 34,807 W
AHU type singlespeed
tower fan flow rate 57 LPM
chilled beam type singlespeed
tower fan flow rate 212.8 LPM
type variablespeed, intermittent
ARU motor efficiency 0.9
condenser
power consumption 0.53 kW
pump
pump head 179,352 Pa
type variablespeed, intermittent
chilled beam motor efficiency 0.9
condenser
power consumption 0.46 kW
pump
pump head 123,480 Pa
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{E 34> Chilled beam A|AEIS] MA (H %)

245 HA gk
type Electronic, WaterCooled
sizing 5.1 kW
AHU chiller
COP 3.2
outlet temperature 7C

type Electronic, WaterCooled
chilled beam sizing 19.0 kW
chiller COP 6
outlet temperature 16°C
type variablespeed, intermittent
AHU motor efficiency 0.9
circulation power consumption 0.5 kW
pump flow rate 106 LPM
pump head 179,352 Pa
type variablespeed, intermittent
chilled beam motor efficiency 0.9
circulation power consumption 0.3 kW
pump flow rate 58 LPM
pump head 123,480 Pa
fan capacity 2.118 kW
supply fan efficiency 0.85
fan motor efficiency 0.9

pressure rise

2,000 Pa (=204.1 mmAQq)
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(E 3.4> Chilled beam A|AES] MH

&= A gt
air flow rate 0.9 m%s (=3240 CMH)
inlet temperature 7C
AHU outlet temperature 12C
coil — capacity 30.6 kW
coil — water flow rate 87.6 LPM
type

active chilled beam

inlet temperature

16°C
. outlet temperature 217C
chilled beam
air flow rate 0.9 m¥s
pipe inside diameter 0.012m
coil flow rate 99.7 LPM
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3.3.2 Chilled beam A|AH¢] ®d=)

A 2B REE S 93] ShA] 3.27% A1 Wi wpiA |2 [19 3.10]
AAste] 7h7e] loope TFAJSHAl H T
AHUO A &35+ 3719 ¢3S YER = Air loop®t AHU9] cooling coil
o Fuy¥+e WHe 32 Yehli= CW loopl, chilled beam®] cooling
coild]l ¥5¥+ W49 35 YE = CW loop2, &% A& 93 A<
(8 Al AHU9| heating coil®l
coild] &5 FF3= HW loop, PHATro 2 Ao A chiller®2 WYE< &
AT},

3k = 9tk WA 917]7} mixing box

I} o] zoned system, plant=

H

4 THH+= 8 ¥3HS 913 heating

=35+ condenser loop®E TFE%

Air loops= [29 3.1113 #Zo] Ed
2 Y% 3, main cooling coil?} main heating coile AX 44 25 9
7 At 289 F7]= supply fans AA Ael 992 chilled beam O &

TaEt. 2 F7]< YA plenum= 53 return o] Y5= mixing box=E,
CW loop2

CW loop!

[d7 3.10] Schematic diagram of chilled beam system
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cooling
coil

% mixing -
o @z

AHU

heating supply
RA coil fan P

plenulm IXIl

Chilled beam

EA k\

[a& 3.11] Schematic diagram of Air loop for chilled beam system

CW loopl,2+&= Z47te] &3 A5 E3ll AHU chillerdlA] ¥55 & YE2
21719 WzFE 93k main cooling coil®, chilled beam chillerol| A &%+

A& chilled beam Well YA 3 cooling coil® &35+ Aot}

=

vlA] 2o &2 condenser loopl,2 94 71& UF XA ~8 9 Fd3 31HA
S 2 cooling towerol| A A4k WS chiller® w39+ Jg ot} A
AF3F 4714 loopE AZASFe] A3 chilled beam A28l AA Q] AlEx

s .

3.4 FALEEA|2F ] HA
3.4.1 BAPYYA &S] 74 R 42
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4
oX,
ol

ol
pacd

:L
ke

r -1-[’
>~

>,

o%

ol

>
[

juiil)
rlo
el

e

2

M,
N

)

ko] Aakebd 3,240[CMH]7} AlAbE o},
AHU®} chilled beam Z}Zboll A2 coild] H-3F= 2] (3.3)S o] &8t 4t

.
Aehgon], Fia LSk Fe HA /12 B4 $5E wested 2 coil
T
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e

cooling
coil
L R mixing _
OA Y box ©=
AHU
heating Sl;pply
1 coil an
EA \ RA < <

\

Condenser loop I
tecceececcccccccccccccccnaaae . I ] I i 1] J|
H H Radiant ceiling panel
. .

. I Room
. 1 [

: '

.

= ‘ M >

R g g gL ;

Condenser loop

reccceccccccccccssssssssennan .

: :

H '

M '

: I—.— :

H .

H | "

H '

: M .

.

.

Chiller®} cooling tower & A] chilled beam A]Z~Blo| A A-&3F A3} 5
sk Aoz AASSIH ol & vig o R AA ks A e Ay <
7L‘jr.

ke
w0
[@)]
A4
©

3.4.2 BAPYYA 2He] 2dY

BApggA 28e] wa
A e S A

Air loop< 71& W&F &

o

ul

2 9% Bge BN AFH de Axgne A
.
=

A =EIRL CAVAIAE 3 s s, H A 2 7]

pu?
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9] 2]7]7} mixing box® %W, main cooling coil?} main heating coil<
AR AR 2E 2FA Ha, 24% F7]E supply fans AH A2 FF
"ot 1 F7]= YA plenums 3 return ¥ o] d5+= mixing box®E, &

= o5z wrlE s dds A

ceiling panel®] coilZ7}A| &g dEstA ).
AHU®] cooling coildl W& T3t CW loople 7] UF XA~
B3} chilled beam A28 Sdsla, A EAF gdo Y5E F3317] 9

.

3+ cooling coil®] W=

Sh
rlot
o
i
o
=
rr
O
=
5}
S

\)
_\|1_‘
I\
N
4,

<E 35 SAHAYALES HA (AHS5)

e HA gk
AHU 10,865 W
load
chilled beam 34,807 W
type singlespeed
AHU tower fan
flow rate 57 LPM
radiant tower type singlespeed
fan flow rate 192.8 LPM
type variablespeed, intermittent
AHU motor efficiency 0.9
condenser
power consumption 0.3 kW
pump
pump head 179,352 Pa
— 54 —



CH 35 SAHHYAIAHS] AA (HS)
et = HA gk
type variablespeed, intermittent
radiant motor efficiency 0.9
condenser
power consumption 0.52 kW
pump
pump head 123,480 Pa
type Electronic, WaterCooled
sizing 5.1 kW
AHU chiller
COP 3.2
outlet temperature 7C

radiant chiller

type Electronic, WaterCooled
sizing 18.0 kW
COP 6

outlet temperature 19C

type variablespeed, intermittent
AHU motor efficiency 0.9
circulation power consumption 0.5 kW
pump flow rate 106 LPM
pump head 179,352 Pa
type variablespeed, intermittent
radiant motor efficiency 0.9
circulation power consumption 0.5 kW
pump flow rate 146.2 LPM
pump head 123,480 Pa
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(E 35 SAATAL-S A

g5 A 2k
fan capacity 2.118 kW
supply fan efficiency 0.85
fan motor efficiency 0.7
pressure rise 1,000 Pa (=102 mmAq)
air flow rate 0.9 m%s (=3240 CMH)
inlet temperature 7C
AHU outlet temperature 12C
coil — capacity 30.6 kW
coil — water flow rate 87.6 LPM
type radiant ceiling panel
inlet temperature 197C
outlet temperature 22°C
0.008m

inside diameter

radiant panel
tubing space 0.1m

pump head 5,000 Pa
power consumption 100 W
166.2 LPM

coil flow rate

3.5 &4
ol A= chilled beam A|&=FI} FARIPA|AE O] o x] 4R] 54
A& T A olUA AlEwolde] Jha, 7 AlxE E A~

HlaL B A
FAAAE AFsATE A\ A RS Hobst] A% Wi A
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3} oyx] e TRade] MR 7)E g F FFA| A3} chilled beam

A2, BARGA 28] A AsEe AT B A2 Y S

2)

3)

4)

5

iy

S G2 % A AAE SRSt 1 AAE Qo thest 2k

F 3 FA 2283} chilled beam A]Z~El, EARGHEIA] ~E O] o L
A v H7E Y3 AlEdold TR IWOE energyplusE: AA

sholth olE tget BES 7|Wte R st Al o Alzd A

FZA| 2L CAV, chilled beam A2~ active chilled

ol =] A& ol dE 93 RAd Yo A=, AHUOA T35 = &
719 =3k YEtdl= Air loop®t 39 W59 &3S UElE CW
loop, &% A|o]& 93+ ALES ¢ HW loop, cooling towerol] A

chiller® Y48 ¥33k= condenser loop® 74431 T
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A 4 F ANEHCNAS T A2E FAHLLE
AuA 4H 54 24

2 golAe 37l TG 71 oiF ¥4 2%, chilled beam Al2=F)
v mAREAI AR o] AAE v e Al2E P8 H ddiA abEE

o 2 G A Az HEL )

4.1 71€ dF T2AEHY | A] 44|

oft
e
>

7t A zEe] oA avle BAe 3 AT U AlFe oA

hs

[d

fl
I

.

#<el energyplusE ©]-&3t3lom, ZH(zone) % Al 2l (system),

Hﬂ
O

kS

o
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il

o=
r>~
Q‘L
rr
(@)

=3
©
>

x>
T
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o,
(@}
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=
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pump”F Atk 71E W7 S2A 'Y A8 E U A] &R FES
shaL, ol5e) ouA AvlEe AEF A <E 4157 2, o]F 1
Fdetd [2¥ 4.1]19 2o

AE 1A A 717kl 69 1A 99 3047HA 370 71, tower fan
o] oA AgHS 1,274.8 kW, condenser pump? oUA AlgEHS
1,325.3 kW, chiller®] oly=] A& 18,382.7 kW, pump®] o] A&
& 288.1 kW, supply fan®] oy A ARE%L 3,140.8 kWoltt.

Chillerel| A &] YA Ab&-o] 7H8 AA YEFRES™ | supply fan®] 4H]
o] I o r we HlFTS AAdY. Condenser pump2}t tower fan9
Aol oA AREEo] I tEom F ouA aHES AAFoH,

circulation pumpoll A 2] oA Al&gFo] 71 A2 F o= YERLT]

ME
T

[l

JNECHE ZEA|AEHO| Of|LfX| AH|EHE & oL x| AH|ZE

20,000

18,000
16,000
14,000
= 12,000
=
o
E
m 10,000
=
E B,000
6,000
4,000
210{:0 .
AHU towerfan  AHU condenser AHU chiller AHU supply fan
pump circulationpump
(28 41] 7| & tHF S=AI2H=H 2 ol|X| aslet= E ol X| 8|2
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<E 41> 7| & 7 SEALHEH o HX] 2H|Z

a= 2 @ [ 71E]
tower fan power 2.0 kW
tower fan flow rate 353.4 LPM
energy consumption 1,274.8 kW
condenser pump power 1.5 kW
pump energy consumption 1,325.3 kW
sizing 31.6 kW
chiller outlet temperature 7.0 T
energy consumption 18,382.7 kW
pump power 1.3 kW
circulation
flow rate 199.0 LPM
pump
energy consumption 288.1 kW
supply fan capacity 2.6 kW
fan energy consumption 3,140.8 kW

o= =9 9719 WS 98l o] &%= cooling coilddl &5 Eofof dh=
7Co G WirEs AAEY] 9et dux|7t 2ol AL wiEelth 9E
|12 F FxA2Ee CAVE 279 AA T2 FFo] v 3
o, YL s 91 oA oyt e el FU1E AR HAda]
918 supply fan®] oUA] ALEF AA] FA VERRLY] wjEoleta A E
o] B4 energy flow chaing ©]€3] JeERW & 13 [4.2]9 2
om, vhgo Ao e 4 vk
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\/
\/
A
Y

. I . I ) T )
air loop | chiled | refrigerantloop | condensing loop
| water | |
| loop | |
32.2% | I |
O [ 0.2% | [
VENT L 4% | L. | |
I I I
| | Chiller I
|
|
| |
| |
QSP I QCOIL QCG :

100% | 145.5% 146.8% O Leg
| I 194.8% 201,69
| |
| |

|
I .
1
ot L L
C,r 9.3%
CTOW CCDP
CCHILLER 48% 3.3% 3.5%

[O% 42] 7| & i/ Z2=AI2H 2| energy flow chain



Qoo = Qsp+ Quent Curt+ Ly 4.1

Qo = Qcor,t Lpp+ Cyr (4.2)
Qcp = Qo+ Conrrer (4.3)
Log= Qep+ Crowt Cepp (4.4)
o 7] A,

Qcon - thermal load or thermal power of coilwork [KW]

Qgp - thermal load or thermal power of space [kW]

Qypy - thermal load or thermal power of water ventilation [KW]
C,r - power consumption of air transport [kW]

L, - power losses of air transport [KW]

Qcc - thermal load or thermal power of coolth generation [kW]
Lp;p - power losses of pipework [KW]

Cyr - power consumption of water transport [kW]

Qcp - thermal load or thermal power of condenser [kW]
Coynrpr - Dower consumption of chiller [KW]

Lo - power losses of coolth generation [kW]

Crow - bower consumption of tower [KW]

Cqpp - Power consumption of condenser pump [kW]
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4.2 Chilled beam A|&®9] x| ALH|ZHF 4

Chilled beam A]Z=8lo| A oUx]7} AH|¥ = 2o AHUS WS 93
AHU tower W9 fan 9|4 #2} AHU condenser pump, Y+ES ALrHet=
AHU chiller, AHU®] cooling coils A 27|& A= FH3st7] 9
supply fan, cooling coildl Y5 & 38t7] 913 circulation pumpZF AT,
3k, chilled beam A]2®] #j¥ol] W45 AASHY] 913 tower?] fandt
condenser pump, chilled beam chiller®} chilled beamdl Y45 ¥ 53}7]
93l circulation pump”F

Chilled beam A|=®le] 484 8 A 2H] &5 L7381, o=
ouA avFe A= A [29 4.2] 283 < 4.2>9F Zh

AlEeeld siA 717kel 69 1delM 99 30474 370E 71, AHU
tower fan®] |UA] AF&EF2 448.7 kW, chilled beam tower fan®] o]
AH&E2 201.3 kW, AHU condenser pump®] oY= AME#2 209.3 kW,
chilled beam condenser pump® o|UA|] AF&FHE 466.5 kWeo|t}. AHU
chiller®] oA AR&-2 7,721.4 kW, chilled beam chiller?] oy =] A}-&
F 3,186.3 kWeltt.

AHU®I A 9] circulation pump oA AR&-%F2 203.7 kW, chilled beam
9] circulation pump °U A AF&&F2 154.8 kWe|™, supply fan olUA] &
2,436.9 kWo|tt}.

olyA &Mz &4 A3 7S g
chillerel A ¢] oA ARgFe] 7 AA e o™, supply fan®] AW
o] 1 t}Low e H|FS A3t} Condenser pump®} tower?] fan ©f

Hx|e] Abgeko] 1 thgo® & oA A S Ao, circulation

i
OH
BN

Al =gt A

A=

&

ol N
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chilled beam A| AE10] 0f|L{x| AH|EH2 8 OfLfx| AH|2

3000

8000

7000
. 6000
]
2 5000
m
= 4000
E
= 3000

2000

1000 [

o | e [ | . ;
3 i~ R 8 y 5 Q Q &
$6*K‘b _9@}@ &S & o &S &
A L8
o o & & q‘?o s & 5 5
W '\w{\ b@ b@ 2 ey
.5 & a’,c}'-"g\ ¢ {;\‘c}
)
S oF < A

[Z22] 4.3] Chilled beam AlAHE 9| of L{X| AH|SHE & of X AH|ZF

pump®l A1 9] o] An|gke] 714 A RO = el
1€ dF gAY vae were W, WA 34E A4 98 9
Y 2 = tower fan¥} condenser pump, chillerol] A o] o U] An]ko] &

N

Zow A% A & F AU o)A &7]2e] F2 st wlg- v
7Ce WE A g dyATE #a

chilled beam®. 2 &5 5= vl 4 =2 16T Y5 A4 Al, chilled beam
of AAH chiller? COP7} At o] oL x] An]Zo] 7+43F Aoz At

T3 7]E Ui sF2A 280l H)8) chilled beam Al~¥lS Z7]9] AA ¥

Zx FFol A FAasH7] Wil supply fanollA el oA Av|gF g 7has
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<X 4.2> Chilled beam A|AH Q| of X AH|ZF
e A3t 3 (38 JIF]
AHU flow rate 124.6 LPM
tower fan energy consumption 448.7 kW
chilled beam flow rate 55.9 LPM
tower fan energy consumption 201.3 kW
AHU pump power 0.3 kW
condenser
energy consumption 209.3 kW
pump
chilled beam pump power 05 kW
condenser .
bUMp energy consumption 466.5 kW
sizing 51 kW
AHU .
, outlet temperature 7.0 TC
chiller
energy consumption 7,721.4 kW
sizing 19.0 kW
chilled beam D
, outlet temperature 16.0 ©C
chiller
energy consumption 3,186.3 kW
AHU pump power 0.5 kw
circulation flow rate 106.0 LPM
pump energy consumption 203.7 kW
chilled beam pump power 0.3 kw
circulation flow rate 58.0 LPM
pump energy consumption 154.8 kW
supply fan capacity 2.1 kW
fan energy consumption 2,436.9 kW
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SHAl ©t}. ¥bH | circulation pumpd] A-$- A2 Fg35H7] 98k W] ol
7tz Wl = %S 9% pump U7} S7FsHAl "k o] B4
energy flow chaine ©]-&3] YebiH th59 =1

Energy flow chain®ol] AFE-H 22 oA g3k 2 (4.1), 4.2), (4.3),
(4.4)F 2o, 27pA] Al =wls Aggol whe} ofge] 4 (4.5), (4.6), (4.7)

2 F7bE A gag

CWT = CWT* AHU + OW'T* CHILLED BEAM (45)
CTO W CTO w-— AHU+ CTO W— CHLLED BEAM (46)
CCDP = CCDP— AHU + CCDP— CHLLED BEAM (47)

_66_



: g T T :
air loop | chiled | refrigerant loop | condensing loop
| water | I
| loop |
32.2% | I |
0 I 0.2% | |
VENT L. 4% | LPIP | |
I | |
| I Chiller |
|
|
| |
| |
QSP I QCOIL QC(; :

100% | 143.7% 145.4% O Leg
I I 173.9% 177 2%
| |
| |

i
AHU |
Cyyp1.5% : L L
C,; 75%
CTOW CCDP
CCHILLER 28.5% 1.7% 1.8%

[Z12] 4.4] Chilled beam AlAE2] energy flow chain
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4.3 EAPYHA| 2H9 oYX AH|F B4

AP A 250 A o | A7} AR = S AHUS WS 918 AHU
tower W9 fan 9y XA¢t AHU condenser pump, WS AAS=AHU
chiller, AHU®] cooling coil& AX 37|15 A= &5387] 913 supply fan,
cooling coilel &5 Fdst7l & circulation pump”Zb Atk HE3H
radiant ceiling panel ¥j¥tol] &w3at7] #13 Y5 Aisl7] 913 towerd]
fan¥} condenser pump, radiant ceiling panel® chiller®} paneld] Y+=
F3317] 93 circulation pump”l %A

FAPYA| 28 0] A Q4 W oy A] AH] S ERstal, o] 59 oY
A WS AES AdE <X 4.3>, [ 4519 Zrh

AlEeeld siA 717kel 69 1delM 99 30474 370E 71, AHU
tower fan?] oUYA A& 448.7 kW, radiant tower fan®] oy A A&
& 185.1 kW, radiant condenser pump® oYX AFEHE 209.3 kW,
chilled beam condenser pump® oA AF&FES 403.4 kWeo|t}. AHU
chiller®] oA A} g8 7,721.4 kW, chilled beam chiller®] oA A}-&
e 2,417.7 kWeltt.

AHU®I 4 9] circulation pump °HA] AR&%2 203.7 kW, radiant ceiling
panel®] circulation pump YA A& 170.3 kWo|™, chilled beam A
2853 FAsHA BA4E FV1E AR FHst7] 9% supply fan dlUA=
2,436.9 kWolt},

NUIA e 2

HS

A e Aladed T

h 8

&

=E A=
chillerol] o] ol x| ARg&Fe] 71 =7 Yebst e, supply fan®] ZH|

o] 1 t}Eow W H|FS xX 3t} Condenser pump®t tower?] fan ©l

ol I
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SAPHSFA| ARIO| oL x| AH|EHS = oL{X]| AH|Z
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(38 45] SAYSAIAH S| o LA 2B|SHS Y of x| 28|E

U e AbEol I tgow & duA 4H|FE AA P oM, circulation
pump®l| A ¢] ol g AH|FFo] 7P AL Ao ® UEyTh

A, 7)E U5 22A 28I v ws] ¥9kS ul, chilled beam Al ~El3}
7 A 2 WeE S e 99 %, 5 tower fan¥ condenser
pump, chillero] 4] oYX An|&Fo] & Fo =2 743 A <4 4 AU
AL Q7)o &2 shd7|ol W 2o YE A7 Ad At
4sh7] wiiol™, radiant panel2 5 T %2 WY A4 Al radiant
panelel]l AAH chillerd] COP7} kA E 7] wjiel Aoz

A

w3l chilled beam Al2=¥13 SA35HA FH

o]
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<E 43> AP EA

| 2B o off X H|ZE

i 21 gt [3g 71=]
AHU flow rate 124.6 LPM
tower fan energy consumption 448.7 kW
radiant flow rate 51.4 LPM
tower fan energy consumption 185.1 kW
AHU pump power 0.3 kW
condenser .
PUmp energy consumption 209.3 kW
radiant pump power 0.5 kW
condenser .
bUMp energy consumption 403.4 kW
sizing 51 kW
AHU
_ outlet temperature 7.0 C
chiller
energy consumption 7,721.4 kW
sizing 18.0 kW
radiant .
) outlet temperature 19.0 ©C
chiller
energy consumption 2,417.7 kW
AHU pump power 0.5 kW
circulation flow rate 106.0 LPM
Pump energy consumption 203.7 kW
radiant pump power 0.9 kW
circulation flow rate 146.2 LPM
pump energy consumption 170.3 kW
supply fan capacity 2.1 kw
fan energy consumption 987.3 kW

_70_



= MAster g2 FEol AA FAske] supply fanol A 9] oYX An|E
wek ZFaskA €t Circulation pump®] 745 A2 &553st7] 98 d49 &
o] F7tst7] Wl & FFs 9% pump AUA = F7FEHA Ed

HARA] B Y] o X AH]EES chilled beam Al =813} o A] AH] 3
EHE W3 supply fanoll A9 YA anjEko A 7 2 2polE e}
We 2s & 5 vk F A2 2] A7 TS A Y] mYEgeR
& Y3, chilled beam Al 2Bl R T HARYRIA| ~E1 9] supply fan o YA A&
nlgko] w9~ A7 JElwtth. Chilled beam AlZ¥19] 74§, chilled beam
chamber W9 =& 4+¥E& FAst] AW37]& chilled beam WH=
olafof sl g 7|E tfF XA ~Holu} radiant panelETF A~ YRS
g 2 tEow fA ok sh7] witot.

T3, A9 %9 olUx &H]E HA chilled beam Al22Elo] HARYHA] 2
goj vla] 25 o =4 ey AE& & 5 Atk o] chilled beamol &

T = Y+ 2571 16T, radiant paneld &35S W4 2571 19T o] 7]

HHH - chilled beam®} radiant panelo] 99723 circulation pump®] o4 A
AW radiant panele] 25 © A YESH. ©]= chilled beamel] H] 3l
A A B2 ¥ 228k viA = = radiant panel] Wi 5474 2 A8t
A He= grolgbar M =
AP A 28 o] A oA An S energy flow chaing o83 U
Bl o9 a9 [4.6]3 #Th Energy flow chainol]l ARg¥ 22 <A
wek A (4., (4.2), (4.3), (4.4), (4.5), (4.6), (4.7)& A&ttt
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chilled

) T | - > )
air loop | | refrigerant loop | condensing loop
| water | |
I loop [ |
32.2% ' ' |
0 | 0.2% | |
Ve Ly 4% | Lop | |
I | |
I | Chiller I
[
|
| |
| |
QSP I QCOIL QCG :

100% | 139.6% 141.4% ano Leg
| | 167.8% 171.1%
| |
| |

1
AHU L |
Cyr 1.6% : L L
Cpp 3.4%
CTOW CCDP
CCH[LLER 26.4% 1.7% 1.6%

[O2! 4.6] SALH A A O] energy flow chain



4.4 72t N2"e] AxE] A A EH YR AH] EA bl

71E dF FF2AI2H, chilled beam Al2=Fl, FARIHA| 28" Z}7o] 1A

g2 W oA AWES At <F 4.4>9 Fa1, olE I Z 2 ehd

AlEH ol 1A 7121 6€E 1dolA 9€E 30U7HA 3MES VFe R
5, =91 91719 WS fs) ©]8-5 = cooling coil

wojof ok w2 s A fal A9 & A dEolAe]
Fol ddjfor B2 de AAstar vk E3, 7)o 2 A

T el B2 ¢ 715 A= d9st7] 9§ supply fand] YA A&
K

[}

beam A|=¥l3 FAPIHA|~®L BlaA £ WFE
Fwot7] wWitel a2 chiller] COP7F = o] 9 HoAel oy
A ZeHRFo] 71E i gAY He) 2 For Akl B3, 27
of AA F=ol AA A5kl supply fanoll A 8] oA A FF R A6t
A =M, & 755 g pump AUA = S7tebAl €k

Chilled beam A| =83} FAPYGA] 28] 0] o %] AB|&FS o |q ] &) 3
e vaskd supply fanoll A €] oy =] AH|Fo] 74 & 2ol & HER
=4, o]+ chilled beam chamber W42 =% &S FX35}7] 93 fanol
< pressure rise ol A&57] ot FEF 2%
o] oA An|Fo] chilled beam Al22¥lo] HALIWA] 2~Eo] nlg] ZF T
=01 circulation pump?] AIUA AR A AA o LA vl =
+ radiant panel®] W& 5474 o =4 YEeRdh

& oA an 24 23, 7€t s2AAE e oluA] AHFe] TF



[kW] in 3month
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Zt
i

A 2E9| of L X| &H| €& E oL X] 2H|ZF

W supply fan

m 2nd chiller

M 2nd tower

[ 2nd circulation pump

M AHU circulation pump

W AHU chiller
E 2nd condenser pump

= AHU condenser pump

fan

W AHU tower fan
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o7 UAE Wo| AH

i

7 Wkal, chilled beam A28, HAPY A 2~E)
St AS & 4 A 7S R v
A% AUAE HoFd = A BAPIEAAES 47.7%2] AR S

5 2~
Z Ok S T 9}1\%1:].

Al 2~¥l 7], chilled beam A]Z~El-&

w
oo
N

1

rb

Energy flow chaing ©|&3lo] 413k A3} 7|& dF 3x2A "ol 4y
= HF B8 201.6%, chilled beam A 2=8lol| A HFHet= 177.4%,
AP A A8 HEls HER8e 171.1%2 AR EAT usA =2 7]
Z UF axA12" 71, chilled beam A28 12.0%¢] §-3817}, HAE

A 2Ee 15.1%9] 2ah7 743 AL o & Q)
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<I 44>

A 2| el of X v H[W (AF)

o
m

71E UF SZEALH

[37HE 7| E]

chilled beam A|AH
(370 7|=]

=AY A A

[37HE 7|E]

AHU flow rate 353.4 LPM 124.6 LPM 124.6 LPM
tower fan energy consumption 1,274.8 kW 448.7 kW 448.7 kW
chilled beam/ flow rate - 55.9 LPM 51.4 LPM
radiant panel
tower fan energy consumption - 201.3 kW 185.1 kW
AHU pump power 1.5 kW 0.3 kW 0.3 kW
condenser pump energy consumption 1,325.3 kW 209.3 kW 209.3 kW
chilled beam/ puMp power - 0.5 kW 0.5 kW
radiant panel
energy consumption - 466.5 kW 403.4 kW
condenser pump
sizing 31.6 kW 51 kW 51 kW
AHU o 0 0
, outlet temperature 7.0 T 7.0 C 7.0 C
chiller
energy consumption 18,382.7 kW 7,721.4 kW 7,721.4 kW
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<IE 44> Zf AAHEIS of AX| 4H|ZF H[R
_ JIE iR ZZAAE | chilled beam AAH SASHALE
- [3748 7IF] [3748 7IF] (3748 7IF]
chilled beam/ sizing - 19.0 kW 18.0 kW
radiant panel outlet temperature - 16.0 T 19.0 T
chiller energy consumption - 3,186.3 kW 2,417.7 kW
AHU pump power 1.3 kW 0.5 kW 0.5 kW
circulation flow rate 199.0 LPM 106.0 LPM 106.0 LPM
pump energy consumption 288.1 kW 203.7 kW 203.7 kW
chilled beam/ pump power - 0.3 kW 0.9 kW
radiant panel flow rate - 58.0 LPM 146.2 LPM
circulation pump energy consumption - 154.8 kW 170.3 kW
fan capacity 2.6 kW 2.1 kW 2.1 kW
supply fan
energy consumption 3,140.8 kW 2,436.9 kW 987.3 kW
total energy consumption 24,411.7 KW 15,028.9 kW 12,746.9 kW
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45 24

& Aol M= chilled beam A&} SAPYFA| AT O] A o] A 2n] =

DA 2R g as d oudx auREE ufgoR Zh Al2=Ele oux] 4w

(1) EnergyplusE ©]-83}9] chilled beam Al 28l3} BARYHIA] B 0]
d8a H modelings &l AlEH A A 7|71 6¢€ 1dlA 9€
30€71A] 3/MEE Vo R AYA 2H|H AL F35HAT o] E HlE o

2 4 Aage] s HooluA] AR Blalskal, oy 4M] 545

7 FEA| 2=/ o U] AaH] o] 7}
WA 28 =0 2 o|YA S Hol A
ot AS & AU e energy flow chain 24 23}, HFH o2 AJAH
AA defe Fste g 9 7IE R/ A=
AP A| 2" mo 2 A LERRLTE

A A] A4v] dEE R A B, chillero| A1 o] AlyA] AbE-gFo] 71 A A
VER O™ supply fan®] ZAH|EFo] 1 thS o R wWe H|FS 2kA g}, o] o
4] condenser pump?} tower fan, circulation pump =902 oA A&k

ol A A=A

chilled beam A]Z2~Hl,
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(3) 71 dF FTXA=He A9, = 979 IS 9 ogyH =
cooling coildll & ¥ olof gl= W W& A S8 49 & 74 &
g0

ol el oA AL | dojHor B s AARH E=7E 2719 2

(4) Chilled beam A]28l3} HEAPIIA] 2B vl 2 2o YiE
T33t7] wjiEo] AA o= chillerd COP7F d4tE o] Y ZoAe] oY

A ZElgge] 71E HF FERALY W) 2 Fow Pastth £H, %
o) MA FFo] ZA wastel supply fanl A o] AUIA uF EE 7his

A =H, & 55 918 pump oYX = F718HA Hh

(5) WHA chilled beam A] 283} BALYEIA] <818 qupply fanol A1 <] oY
A Au|Eo] 71 2 xpolE YER Y, o]= chilled beam chamber W49

FA187] Y&l fanol| % pressure rise #ko] Z-&% 7] wjFo]

N

o
A%
o

B Faa 259 #olxE EY Fo] AR AH]EFe] chilled beam A
2H"lof| vl 25 ¢ %21 circulation pump?l U A

ZU3HA v A %] = radiant panel®] ¥Wl¥ EAA ¢ =

[ 4 K
jait)
©
J
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o

=
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N

k>
=
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flo
A,
Y
2
2
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(3) & oA AuHF A A, 71E diF A 2=H] o U A] AH| o]
714 ¥9kal, chilled beam Al22®l, HAPIWA|AE] o2 oA & Fo| &
vk AS & 4= AT energy flow chain ¥4 A3, HFH o2 A xH
AA) A= §3te] 3 A 71E Ui FF2A12H), chilled beam Al2=H,
HAPYA| 28 o2 T YERsT

ANHA AH| FEER AHEW, AAA = chillerd] A 9] ol HA] AbE-To]
71 AA et o™, supply fan®] &R[Fe] I tEo® @ H TS A
gt} o]o] A condenser pump®} tower fan, circulation pump 2. = of U

A ZeHlEo] = AR H
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4) 715 d7F A2 45, =9 979 s flal ol&H=
cooling coildl FFEoof 3t W2 WS A 8 €9 &% 74 &
Lo A o] o] ARgFo] AjAom B &S A gt Tgh, 279 &
A7 F% ol supply fanél oy AR&Fe] HlFo] AA yrebRH

Chilled beam A|2=8l3} EAPIYA| A~HL B0 A & 2529 YHE I
ah7] wjZoll d Foll A ] o] Angke] 7]E

Fow 3t
S

Chilled beam A|Z=¥12} HAPIEA| 2812 supply fanollA]2] o] 4w
o] 713 & 2ol E YER Y, o] chilled beam chamber W49 =& ¢t
HS f§787] Hal fanol =2 pressure rise #k°] &% wiLolth.
g THT 2] Aol A9 o] o qA] Aol chilled beam A Z=¥l]
SAREA| =F ol vl 25 ¥ 221 circulation pump?] oA AH| &S

A7 AAel =akA v X == radiant panel®] ¥j# 5474 o A Yebd

(5) 71& dF F2A| 283 vlaete] oyx] A3k SWollA chilled beam
A 2F I BARYYA| 28] B 93k A AER] Ao A E AT chilled
beam A| 213} JAPIPA| AT 25 Ao A o] o x| Azteke] A yE
LA R, A AR ol x| A EEa 85 B2 A8Ae Al B eks o chilled

beam AlZ=F o Hs FARYA| Al B Y3t Aoz E4 AT

(6) ¥ AFE &3l chilled beam A A=E13} FAPIGHA]~BIO] o %] 4

M B4 AR g ok 3F g A AE e Jne shasgon], AT

Jm
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ABSTRACT

Analysis on an Energy Consumption characteristic of Chilled Beam
System and Radiant Ceiling Cooling Panel System

By Lee, Yu-lJi

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

Professor Yeo, Myoung—-Souk
2013. 02.

Chilled beam system and radiant cooling system have been suggested
as an alternative system for a conventional air conditioning system. In
this study, we analyze energy consumption and characteristic of
component for chilled beam system and radiant cooling system. It is
for prepare base data for resonable choice between two systems.

To do this, we designed system and conducted energy simulation. In
that order, we calculated energy consumption and then analyzed

energy consumption characteristic of each system.

The results of this research are summarized as follows:

(1) Chilled beam system and radiant cooling system use water to

transfer heat. Because of that, it needs considering condensation in

,86,



design precess. Also, chilled beam system has to keep the suitable
airflow rate and pressure in champer for prevent draught and minimum
pressure. Furthermore, chilled beam system has demanded proper

humidity level through pre-operation for dry cooling.

(2) The result of total energy analysis, the most amount of energy
used in case of using conventional air conditioning system and then
chilled beam system used the second-most energy and radiant cooling
system used the least. And the result of energy flow chain analysis,
cooling load of whole system showed also same sequence. The order
that components of energy consumption is chiller, supply fan,

condenser pump, tower fan, circulation pump.

(3) In case of conventional air conditioning system, the energy
consumption of heat source is used to cooling outdoor air and supply
fan is also used large amount of energy consumption. On the other
hand, the energy consumption of heat source for chilled beam system
and radiant cooling system decreased extremely. Radiant cooling
system used the least energy because of high pressure for chamber of

chilled beam.

(4) Comparing the conventional air conditioning system, chilled beam

system and radiant cooling system are efficient system in terms of

energy consumption. Considering total amount of energy saving and

,87,



applicability, radiant cooling system is more efficient system.

In this paper, we prepared base data about energy consumption
characteristic of chilled beam system and radiant cooling system to
choice resonable system and to impose these systems (chilled beam

system and radiant cooling system) in Korea.
Keywords: Active Chilled Beam, Radiant Ceiling Cooling Panel,
Design Process, Energy Consumption, Characteristic of

Energy Consumption

Student Number: 2011-20606
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