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Effect of Diffuser Shape on the Performance of Water-Chilled Heat Storage
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ABSTRACT: Diffuser design is crucial for water—chilled heat storage. Its impact on the sys-
tem performance is more significant for the underground tank due to inherent limit on the
aspect ratio and tank shape. The effect of diffuser shape on the performance of the water-
chilled heat storage is numerically investigated. Three dimensional simulation has been con-
ducted for fully incorporating the complex diffuser shape and the non-symmetric tank shape.
Mixing at the inlet of the diffuser depends on the inlet Reynolds number, Froude number and
the diffuser shape. Three types of the diffuser shape and the broad range of Reynolds number
(Re=400, 800, 1200) and Froude number (Fr=05, 1.0, 2.0) are examined. The performance of
the heat storage tank is evaluated by the thermocline thickness which is reverse to the de-
gree of stratification. The radial regulated plate diffuser, which is the suggested diffuser shape
in this study, shows the lowest thermocline thickness in the condition considered.

Key words: Diffuser(t] %), Water-chilled heat storage($% 4), Stratification(“d %), Thermo-
cline thickness(2=4 A% )
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Fig. 1 Schematic diagram of heat storage tank
and grid system.
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Fig. 2 Diffuser shapes considered.
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Fig. 3 Shape parameters of considered diffuser.



Froude (%% Richardson )7} $1t}.

Re = 24 (1
U

1 Re
VR VG T Vado—eile
o714 g YFAY dFLEge] dede|d
Fe uekdn zestnal s Y 8
o] d¥e] ojrE £Y HHFS SAHE)R 3
Re, Fr& A9sle Aol AU F ot
AEE =3 tFAe FAgo we gz
28 JFoz 3 Ao warz ).

ox o

[=)

5
2
o
ofk
%

e dm

s Mdejd 2004 B8 BEHE =
3led gravity current’t A=A 29 &
st dAse F2 S5 ASIE o F U
Aoz A doemz® B A7 ME Table
o] A A AG ulel o] Re=400, 800, 1200, Fr=
05, 1.0, 2001 oisl M2 & 37kx dFA ¥
Ao d5g vl - Jrrg

AMNEME 4 74 OFA e diEd CATIA
2 EWHE ZA3ly ICEM-CFDE AxE Al g
% A8 AXEF0Q STAR-CDE ML 43
H9ch dREAe h-e Rde Aesdc A
WA e g 2ol Edgn

L

A
1

\/E 6t(\/—:§‘0)+ axj(pu;) Sm (3)

N )t (uu ;) =

\/E at g0ou; PU;U; i (4)
52*}-5
x;

Table 1 The range of Reynolds number and
Froude number considered in present

study
Fr Re 400 800 - 1200

05 Q=111 Q=142 ©=21.31
h=1217 h=20.1 h=264

| R="711 Q=142 @=21.31
h=1795 h=12.67 h=16.6

5 Q=111 Q=142 Q=2131
h=5.03 h=1797 h=105

FA4 99 99 377

exate] oF R gL 259 F5z F
o]l An%2 Ao g W0l ALY &

ndgna s exwy vold HAAE?
E 29 42 nAE e Agsiyd 1
o) ATIXNAY Fuxoz 7HAE 2349 &Y
A7 EHdE ggsA Ktk ojE 216} =
o] B Ao EdZ9E € 834
A& 7HKER 239 S o] o]Fejx]x
, B TN AgE 98 2ERRY OF
ASE 3249 sjao] BAHo)7] wEo|,
Fo e otz =9 97 dd A+
Aol wet dHe dgs 2 4924 oz
BN A4 g wAd. duikoz &
dd A7 dFA 45 Hue AW Qe
AEFFo] BFel7dqP® fHEHLS dHz &
AAYE Rolgts AZe Y + Ak 3
A8k Re/Ri7t 5000] ¥ %o® GiEE BAQ
F ot Bugzn glon ¥ oyd 24L& o
REo ZdzdA wEHE 2P B AF
AME GFE 283 A9S vas) B A A
o 1 Folr} YE}A fgkomz o]Fg RE
ASoH 252 AL s34 PPz
GEERE 9 £ Y U2 wye Adw
B R g £33 Aol LEAAZE T (ther-
mocline thickness)E Bl X 8] Bo} Fx]3]4 Az}
7F Fogd Gd{FE4te) ¥EEHA gL ofFE 2
4 F9 FU=z HHE & AL FHolg FF
gk 3ol A HolE uiel go] olF UFAFE
SdAHR Fer

I
Lo

2§ 1o mR rie
ofk

L i

3. &3 & ¥

A2 HRE T FAHYY HIFE
371 A TR 7led T AN S
M3 7l H4H Ve @A vag Ans
Fig. 4%} Fig. 59 Yeblith s4sfe g 7}
Aol =dsol AA AsHe HHAY ¥une
ofgi gt o] FHA FSel EE 7t Ho F
25 UetiER gy 7|Fe] HIlel g
EAEAT d¥EdA Bnd FASA o
FEEHE ol d3tete] dA Holo] A 2=}
TLe dAERFFAE nagosn Bk AHA
o 7L Aol Asd ANV £F Lol
& A¥RlM BAsA dojoF sty o7)ME

oz



578 HAE - uEy . 24

900 T T T T
. Exp.
Numeric
--------- Analytic
———— Analytic with mixing
600 ~
g
E
E
20
)
jusl
300 |- .
0 I i

40 45 50 55 60
Temperature, °C

Fig. 4 Comparison of the predicted tempera-
ture profile with experiment and analy-
tic results for the diffuser shape of ra-
dial regulated plate.

29N A8E e AN 4% 2Y
BB CUFAFig 09 4% A} 4 A3
238 HeiFd 9% FBY UFA(FiL 5
AYgs gz olARe) AUtk Y Py
gFAs A% 271855 Y Yold 49
o olgoiAA e Aol st ofY £ %

fe 7 il‘

o B f§%e] A F48HA ¥ A=
gl ot #@Yy

F2E olf Y FHolrh AlZko]

900 T T T ! ¥
®  Exp. 1

Numeric o
~~~~~~~~ Analytic

Analytic with mixing ,
600 + H

Height, mm

300 |-

40 45 50 55 60
Temperature, °C
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