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b. Structure of lamp
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a. Computational domain model
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1.Water pipe 2.Power connection 3.Sealing cover 4.Sealing ring 5.Fixing
screw thread 6.Metal heat dissipation pipe 7.Lamp shade 8.LED chip
9.Heat dissipation plate
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Fig.l1 Test device model of circular serrated
water-cooled LED
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( Velocity-inlet ) , B — g AR & K /1 & 0
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0.5 m/s o /£ FEAFALRE 0 i AL PR SR P IR RE Bl K LAY
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1.3.2 SHRBABEIE
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Table 1 Thermal properties of materials
s B HERH FERI PEKRE
g D;;ls’; / Specific Thermal Dynamic Thermal
Materials 4 heat/ conductivity/  viscosity/  expansion

3
(kgm )(J~kg'l‘K'1) (Wm'K") (kgm's") coefficient/K"

2 Air 1225 100643 242x107 1.7894x10°  3.43x107
K Water 9982 4182 0.6 1.003x10
PiI Glass 2500 670 0.74

£ Aluminum 2 719 871 202.4

1.4 HEFHZE

7E Fluent 9 i AR I I PEARUE k-e LAY, I RETHI R H
“Enhanced wall treatment” BETHIPREY, % F&BETHIVE FHALF
T+ 2IEH, i “Full buoyancy effects” , [FI 4T ¥R
BHEME . shE. G AR IERE H — B X
20, DAIA B T RIS SK . 4 Al B I A St R 15 A 100,
HATBEE N 107 LU 25 512 Ul
1.5 {RBVIEE

B IGE R A 0 B B s M i E T N —,
FHB B B0 UF A0 2% B i 2 Frow, B KAR. KR
A VR, FETHAIKA LED AT . I K
KIE (5. WSI123; TAEHE 12V; fii&E: 8 L/min;
e 3m) 5EIERER:, SER0mSRETT o
5. LZM-15ZT; EJEHE: 0.04~04 m'/h) #E#E, 7—
Uity 55 A R B, 38 I A R A R A RN KA
LED /T & MK . WA E: 7 7E/K% LED 1 &
V14D 6 R TR AR ) T R0 32 B85 AT 00 TR 1)+ T A7 5 % 96 oty %
FE 1R A, A 6 MRS fEKRH. A
ORI E 1 AR A, Aih 2 NS, Bk
FHE- R R ra i 2k, HO RS +0.2 °C, Firfs S
it HOBO ##iR&E A (H5: UX120-014M) K&, F
£EIS [ [A] R 9 1 mine

KI5
Water flow direction

LRETE 208 3.8l 470K SOKER 6 IRBELIERESS
1.Flowmeter 2.Lamp 3.Three-way valve 4.Throttle valve 5.Water pump
6.Temperature sensor

B 2 K% LED d7T% e B R4
Fig.2 Overall structure of water cooled LED validation device
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2.1 RIQIEIE

NIGUEBAE AR, AR 1 HE KR 24 °C, 3% 0.2 m/s
I IR 7K YA LED KT 8 8- 45 440 AR FE R SR, s sl
HEEMMERATH, SRWE 2 frs. W& 2 iTLLE
HH AT 5 2 AL IR P () AU 55 S ) B A AR A e 35—
;, REVLEN-0.8%~16.4%. Hd, &JEEEEN T
FETHI IR FOASEME 20 ) 25.04 25.4 F125.8 °C, XFMH
SR FEAE 2> BN 24.8. 26.0 F1 26.2 °'C, AAUME 5 Sz
T PRR ZEAUN 1.2%. KT B RS B8 41 36 T T 5 A 4DL{E
WA 25.5. 25.3 F125.0 °C, SFRE R SIME 4351 K 27.4.
29.8 A129.9 C, BHUME K T SLME, ¥R %N 12.8%,
mT I EEBTNRE, HFEEFRR RN CFD #4]
i, ZH& 1 LED & Fr #AR S0 AT SR s . /K
T R RS2 N 26.0 'C. BEME N 25.7 'C,
WEBUN, AN 1.2%. RZEJEEIITE 20% AN, BB
UM 5 S IME ) & Py

&2 7KL LED ATERERBIERSTMERXLL
Table 2 Comparison of CFD results with experimental data of
water-cooled LED temperature

. =3 1) r%»:m s
W PR Pl HiRE%
Measured points Simulated Measured Relative error/%
ured pot value/'C value/'C v °
s 25.0 24.8 -0.8
HOAE 25.4 26.0 13
Cooling pipe
25.8 26.2 1.5
i 25.5 274 6.9
Lamp shade 253 29.8 15.1
25.0 29.9 16.4
H 1T Outlet 25.7 26.0 1.2

2.2 EBHER5SH

RN AR SECR s o fikett, B /KA LED
TR RRE (YOZ 1) X=0. HE/KO#E (XOZ 1)
Y=—575 mm. H/K D& (XOZ 1) Y=575 mm A &K
S (XOZ TH) Y=565 mm 1F At W il T -
2.2.1 AURESTEIRE N

K 3 AEEAGRIEN 17 C, K538 0.104
0.15. 0.20 F10.25 m/s I}, 7K¥ LED 4T #E. HK O #
MR =B B /KA LED 4T 538 PP /K s 5 4 )
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9 0.017. 0.020. 0.024 F10.028 m/s, HKHEEEAEH /N,
HEESARE. BEENOREYM, NOSmHEE N
0 v e X S T AR K, B e X s T AR sk, T 7
IR A B U AH S, BRI T, I3 1 i 4
K, BHATBEEZ K.

J£ JiPressure/Pa

0 5 11 16 22 27 33 38 44 49 55 60

P
AT ] .
i\
Outlet

a.0.10 m-s’

e HAKIREEN 17 C.
Note: The inlet water temperature is 17 “C.

b.0.15 m-s’ c.020m-s’  d. 025m-s’

B3 FRARREAKA LED ITE#. Ko E)=H
Fig.3 Pressure magnitude contour of water-cooled LED with
different inlet water velocity

R 3 T A FHE DK ARE kK O 22
27K¥ LED 47 2% B N H AL /K3 B 4 104 0.104 0.15.
0.20 1 0.25 m/s B, & TEXT KA IBH 274528 2351 132
25.7. 419 M 62.5 Pa, MIEABZHFITTIE, FAH 4K
HisEAaEwm IR

AP:;%pUZ (8)

A AP ik, HITKRUEZE, Pas (ONITERUERIFE
R, RN UWKIRERE, m/s. XEEEZES BN
TOEHEAT AL — U E13 21K ¥ LED ST B 53 ¢
H22.
R3 TRBHFOKREE THHKOMEESEE
Table 3 Pressure and temperature difference between inlet and
outlet at different inlet velocity

KR T e
Water flow velocity/ Static pressure T ture diff e
(mes™) difference/Pa emperature difference
0.10 13.2 1.4
0.15 25.7 0.9
0.20 419 0.7
0.25 62.0 0.5

WY L) Z UREM SN, SCIHRERE R E
N 26 TP, N{RAIE LED SR i) #A B B gl s A
M @ @A el R A & TR RE .. Fik, /A0
P54 0.10. 0.15. 0.20 F1 0.25 m/s I, 4T & BEH B
HIBR KBRS 6. 100 12 A1 18 MR, ST #EH O
KIS Z 5> BiEF] 79.2. 257, 502.8 Al 1 116 Pa.
2.2.2 AW REIHITE BRER I

Bl 4 BoR T ANHHIES 38 0,100 0.15. 0.20 F1
0.25m/s 14 F, /K& LED 3 ENREE =K. mE
B EZR T8 2 H, R B RR I X=0, HH

AMIT R Y=—570 mm 2 MFAETH RS A .
4 AT DL, WA KT AT E TR IR T e X EEAS ]
TN R B RE AR, BEE N DGR, 4T
R EBARIREE N, BRSO L. R R AR
T4 0 7K T B IR T K S KT B D TRD ) KT I
W, REHTERENER. £ 2 S T RREZE DK
FERREHAK B . AN KRN 17 °C, K
518 0,10 0.15. 0.20 A1 0.25 m/s I, #EH /KT %
SRR 1.4, 0.9, 0.7 F10.5°C, K 4 BonfEVT/KRH H
MIREERIE b, (TS B HEAER, KTBRE F RK IR IR 5y
A LEAES 5T, KT B A A

il )% Temperature/'C

a.0.10 m-s?!

b.0.15 m-s’!

c.0.20 m-s?!
e JTEXNIRTE (X=0) ; K EAMTERT (Y=-570 mm) .

Note: Symmetry plane of lamp (X=0); Lamp cross section near water outet
(Y=—570 mm).
H4 TERAATRENKASLED MEEBREZH
Fig.4 Temperature magnitude contour of water-cooled LED with
different inlet water velocity

d. 025 m-s"!

N IAEI#E 0.104 0.15. 0.20 F1 0.25 m/s 261 N AT %
A T AR RUIACFSE W 5 Fim. 2433k DK
M 0.10 my/s BEINF] 0.25 m/s B, JTERNSS ITERGH
& J B KR DX~ 0T 2 B R T 0.3 0.3
0.3 Al 0.4 C. JTEMEEXRFEEFETEANTIX
fk, R R ANABHE R E N 24 C, AT BRI
AR AR AN BB B KR A . AN RN KR
T N E SR ECAE, JTER R RUK IR X IR %
RNEE, #—LiE T /KA LED 474535 8 1B UR
4, LED %5 1 72 AR i 3 B R sl K R A A

20 O4T% Pinterior inside lamp @%] Ef:ts i Lamp bead chip
i #E 1E Cooling pipe m /K i Water flow

—_ —_
oo Nl
T T

I J% Temperature/°C
<

—_
(=)}

0.15 0.20 0.25
7K i34 5 Airflow velocity/(m-s™)

A5 REIAH KR Z T KA LED ATE K ERF) KR35 %
Fig.5 Average temperature in different part of water-cooled LED
with different inlet water velocity
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RERERII ) R, vt 1 — P DL A Bt 5 Jo 1 38
RIK¥A LED /T4, i CFD Bt Y () 25 A [7] 7K
WAESL T /K¥ LED T8R4 RoK I B I 52 md b AT
TR, O SEBRE A A IR A H KR L KR
AR S SR T RIS, AR S TAKAT
EEMEY L) s 5@ H. R EEL RN

1) e e AU AN S 2R /K IR BE R 24 °C, IS 0.2 m/s
AN LED [T E & mEAE . TS FKGEE, 4
PRI B 50045 R T 0 iR ZETE 16.4% LA, 2
/K LED 4T % CFD B2 BE A A 13 /K T iR 5 -5 380 18 56 K
74 LED {15 [ BRI 8CR 52, 7K ¥4 LED AT 4 (1 9 K&
oL FH R AL T B S

2 Tl FH 36 UF AR 2R ASTADUAN [R) N 138 3 0 KT 48 FARE
FIsm, S5 RRH . N DR AR, ik 74T BRS A
EMOKIHE, EANTKERN 17 °C, NOEES BN
0.10. 0.15. 0.20 F10.25 nv/s I, #EHIKIEZE RN 1.44
0.9, 0.7 #10.5 ‘C. H¥ T.J XK LED T8 47 5 Bk
BF, SR i A R AN PR BRI R 1 2 ke v B h R AT
i,

3) NORIE R 7 38 K 7y, A58 it
I P i 7K ¥4 LED AT 8 XK BE 1 RECH 2.2 785K
BRmad LT A r=v, AR HE /K UL 8 R AN AR AT A B it
FEOKRE 1800, % FL 4 R /K aR i A SR AR 3 .
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Numerical simulation of the cooling efficiency of circular serrated
water-cooled LEDs using CFD in plant factory
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(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing

100081, China; 2. Key Laboratory of Energy Conservation and Waste Management of Agricultural Structures, Ministry of
Agriculture and Rural Affairs, Beijing 100081, China)

Abstract: LEDs are more commonly used than fluorescent lamps in plant factories with artificial light for energy savings. But
the LEDs cannot convert the input power to light at 100 % efficiency. Part of energy can be converted into heat, and then be
transferred to the ambient environment, in terms of heat conduction, radiation, and convection. However, heat dissipation of
LEDs has become a great challenge, as the power increased while the volume of LEDs reduced. In this study, a circular
serrated water-cooled LED was designed to transmit the heat generated by LEDs in time for a longer service life. A
three-dimensional Computational Fluid Dynamic (CFD) model was developed to assess the design, where the LED bubbles
were set as the internal heat source. The electrical efficiency was assumed to be 32% and 49% in the red and blue LEDs,
respectively. The heat flux of 1.7x10” W/m® was calculated, according to the number of lamp beads and the electrical to light
conversion efficiency. The constructed grids were approximately 1 162 800 for each case, including 220 881 nodes with a
minimum element size of 2 mm. Much finer meshes were automatically imposed near the bubbles with proximity and
curvature size functions in meshing. The SIMPLE was selected for the pressure-velocity coupling. A least-square cell-based
scheme was used for the gradient term in spatial discretization. The second-order scheme was applied for the pressure term.
The second-order upwind discretization schemes were used for momentum and energy equations, whereas, the first-order
upwind discretization schemes were used for turbulence equations, mainly for higher accuracy. The convergence criterion was
set as 10 on energy and 10 on continuity, momentum and viscous terms. Inlet and outlet boundary conditions were set for
the numerical solution using the velocity-inlet and pressure-outlet. The inlet water velocity and water temperature were set as
0.2 m/s and 24 °C, respectively. The simulated value of the LED water-cooled lamp was close to the measured value, with the
maximum error of 16.4%, indicating that the CFD model could accurately simulate the temperature distribution of each
structure of the lamp. The validated model was used to simulate the influence of different water flow velocities on the
temperature distribution and water flow pressure drop in a water-cooled LED lamp. The results showed that the temperature
distribution of bubbles and water flow was relatively uniform, and the structure of the lamp was reasonable. The heat released
by the bead chip was quickly transferred into the water flow; when the inlet velocity of the lamp increased from 0.10 to 0.25
m/s, and the difference of water temperature between the inlet and outlet dropped from 1.4 “C to 0.5 C. Therefore, a series of
connected lamps were calculated, according to the temperature difference between the inlet water and the ambient air, when
the water-cooled LED lamps were connected in series. The inlet flow velocity also improved the flow resistance, where the
resistance coefficient of lamps to the water flow was 2.2.

Keywords: temperature; computational fluid dynamics; plant factory; supplementary light; simulation; water flow velocity



