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MQv |x@U=Lt QO =wy sv@W |=tO w pv=B K]U u}@ |=tO hqDN= w =wy u=} QH
%OwW|th} QaD u}vJ 14 |x]@=Q QO OwHwt |=tO hqDN= '=Pr wCU= QF-wtVr=oJ
�T = Tdp � Tpanel (15)

Kw[wx@ CU= Vr=oJ MQv u}}aD pt=wa u} QDQF-wt R= xm =tO hqDN= pt=a 'Q=m u}= =@
pt=a wO Q}F-=D xm OwQ|t Q=_Dv= ?}DQD u}= x@ "OW Oy=wN Qy=_ Q_v OQwt |x]@=Q QO
xYqN (hc) Vr=oJ ?} Q[ QO �� pv=B |=tO w =wy u=} QH CaQU |va} �� Qo}O
%OwW|t ZQi OwHwt QF-wt pt=a wO R= |@}mQD w 16 |x]@=Q CQwYx@ hc =Pr "OvwW
hc = c1 � Uc2

air � T c3
panel (16)

OQwt |x]@=Q =yv; uDi=} =@ xm OvDUy |rwyHt ?}=Q[ c3 =D c1 '16 |x]@=Q QO
V}=tQU sDU}U x@ RyHt |=y\}Lt QO ?; Q=N@ Vr=oJ MQv |x@U=Lt |=Q@ Q_v

"OW Oy=wN pt=m |ikU |W@=D
|]N uw}UQoQ s=Hv= =@ 'Q_v OQwt |x]@=Q pwyHt ?}=Q[ uOQw; CUO x@ |=Q@
CqO=at QQmt pL =@ xm � 6 pmW QO OwHwt Vr=oJ MQv 2000 G}=Dv |t=tD u}@
pwyHt ?}=Q[ '�Ov=xOt; CUO x@ QF-wt pt=wa R= |Dw=iDt |=y?}mQD |=R=x@ sm =L

%OwW|t x�=Q= u}vJ Vr=oJ ?} Q[ xH}DvQO w xOW x@U=Lt 15 |x]@=Q
hc = 0=364 � U 0=5

air � T 0=5
panel (17)

|x@U=Lt |=Q@ Q_v Ot |x]@=Q 'pwyHt ?}=Q[ uOt; CUO x@ =@ w ?}DQD u}= x@
%OwW|t x�=Q= 18 |x]@=Q CQwYx@ Vr=oJ

m00cond = 0=364 � U 0=5
air � T 0=5

panel � (Tdp � Tpanel) (18)

pv=B K]U R= `@ Qt QDt Qy |=R=x@ x}v=F Q@ sQo|r}t OL=w QO =Q Vr=oJ MQv x]@=Q u}=
Vr=oJ MQv 'OW=@ |ivt =tO hqDN= pt=a Ctqa xm |DQwY QO "Ovm|t x@U=Lt
u}= QO "CU= Q@Dat 12 |x]@=Q QO xOWu}}aD |xOwOLt QO x]@=Q u}= "CU= QiY
x}v=F Q@ QDt ?ULQ@ =wy u=} QH CaQU w O=Qo|Dv=U xHQO ?ULQ@ =y=tO x]@=Q

"CU=

|HvUQ=@Da=
|=Q@ xrY=L |x]@=Q QO "CU= C}ty= |=Q=O Q_v u}OvJ R= xOt; CUO x@ |x]@=Q
Q_v OQwt |x]@=Q x@=Wt Q=}U@ xm xOW Qy=_ U 0=5

air |xrtH '(hc) Vr=oJ ?} Q[
%CU= |Q=@H= |}=Hx@=H CQ=QL p=kDv= ?} Q[ |x@U=Lt |=Q@

h = 12=1pUair (19)

w sQH p=kDv= Q=W u}@ xOW xDiQo Q=mx@ x@=WD CLY O}}-=D |=Q@ |}=v@t Qt= u}ty
QO xm |QF-wt pt=wa ?ULQ@ Vr=oJ |xO=U |x@U=Lt "CU= CQ=QL p=kDv= Q=W
xHw 'Ov=|Q}oxR=Ov= p@=k CrwyUx@ w xOw@ |rY= |=yQDt=Q=B <RH |ikU V}=tQU
QO xm |DQwY QO "CU= \@=wQ Q}=U x@ C@Uv |r}Uv=Qi}OQ}e |x]@=Q u}= R=}Dt=
|wQ ?; Q=N@ u=}O=Qo R= `q]= x@ R=}v 5 |x]@=Q uwJty \@=wQ Q}=U R= xO=iDU=
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|ikU pv=B %panel

pm %tot
xQ=w}O %w

O=R; u=} QH %1

l} 'sQH p=kDv= w CQ=QL p=kDv= u}@ x@=WD R= xO=iDU= =@ w G}=Dv |t=tD u}@ |]N
pt=wa ?ULQ@ Vr=oJ \UwDt MQv |x@U=Lt |=Q@ xO=U |r}Uv=Qi}OQ}e |x]@=Q
Vr=oJ MQv |x@U=Lt x@ u=L=Q] R=}v xm xOW x�=Q=|W}=tQU sDU}U u}vJ |=Q@ QF-wt
QO =@ =yvD w |OOa |xO}J}B w Q@u=tR |=ypL R= xO=iDU= uwO@ =Q Cw=iDt \}=QW QO
xOW x�=Q= |x]@=Q "O} wo|t MU=B pN=O \}Lt |=wy R= x}=B C=aq]= uDW=O CUO
VwQ wO Qy QO xrY=L G}=Dv xm CU= xDiQo Q=Qk |HvUCLY OQwt j} Q] wO x@

"CU= xOW x�=Q= |x]@=Q CLY |=} wo

s�qa CUQyi
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�m2/s� '2 QO 1 |xvwo Pwiv ?} Q[ %D12
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=yCWwv=B
1. HVAC system
2. VAV system
3. sensible load
4. latent load
5. o�ce rain
6. dedicated outdoor air system (DOAS)
7. di�usion
8. supply air
9. exhaust air
10. coupled solution
11. scale analysis
12. upwind
13. central
14. grid independency
15. curve �tting
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Abstract
Radiant ceiling cooling (RCC) systems have gradually
attracted the attention of HVAC engineers because of
the possibility of providing good thermal comfort con-
ditions without the need for large energy consumption.
It should be mentioned that the RCC systems are con-
structed from 
at ceiling-mounted radiant panels with a
high absorption coe�cient. In these systems, the chilled
water is passed through the cooper tubes and causes the
panel temperature to decrease. Although the RCC sys-
tems have many advantages, like high thermal e�ciency,
by providing good thermal comfort conditions, the per-
formance of these systems can be limited by the conden-
sation of water vapor on the chilled ceiling. Therefore,
radiant ceiling cooling systems may be impracticable in
hot and humid climates.
The main aim of this study is to analysis the perfor-
mance of the RCC systems at the vicinity of dew point
temperature and under conditions wherein the risk of
condensation is very high. For this purpose, the average
value of condensation rate in a wide range of temper-
ature and relative humidity has been numerically cal-
culated by developing a CFD code for simulating heat
and mass transfer over the chilled panel. The men-
tioned CFD code can solve four main governing equa-
tions; continuity, momentum, energy and concentration
equations, by the �nite-di�erence technique. Results in-
dicate that air speed, dew point temperature and surface

temperature of the chilled panel are the most e�ective
parameters to a�ect the condensation rate on the chilled
panel. After �nding these important parameters, a sim-
ple, non-di�erential correlation has been proposed by
linear regression on the basis of the mentioned e�ective
parameters. The correlation has been de�ned using the
analogy between the heat and mass transfer phenom-
ena. The correlation has been veri�ed in two di�erent
ways. First, by comparing the dimensionless velocity
pro�le inside the boundary layer with the similar ana-
lytical solution, and second, by comparing the results of
the correlation with a mass transfer correlation proposed
by Robert E. Treybal, in 1981. Both validations show
very good agreement between the mentioned compara-
tive results. Therefore, the mentioned simple correlation
can be extensively utilized for designing a radiant ceiling
cooling system under various climactic conditions.

Key Words: Radiant ceiling cooling, condensation, ap-
plicable correlation.
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