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SUPALUK RACHSO: ANALY SIS OF TEMPERATURE DISTRIBUTION
IN FIN HEAT SINK OF LED STREET LAMP USING 3-D FINITE
ELEMENT METHOD. THESISADVISOR : ASST. PROF. PADEJ

PAO-LA-OR, Ph.D., 93 PP.

LED STREET LAMP/HEAT SINK/TEMPERATURE/3-D FINITE ELEMENT

METHOD

This thesis propose mathematical model of temperature in fin heat sink of
LED street lamp that performed in a second-order partial differential equation.
The simulation that was applied to the developed 3-D finite element method using
MATLAB program displayed graphic of temperature that occurred within fin heat
sink. It served cooling of LED chips in the LED street lamp. This study presents the
thermal analysis of 3 kinds of heat sinks ,which are curved plate fun heat sink, straight
plate fin heat sink, and pin fin heat sink, with different characteristics. The 3 kinds of
heat sink are compared under the equal volume condition in order to compare the
distribution of temperature and analyze the characteristics within the fin heat sink in
each model. The good model will perform better in controlling the LED chip
temperature. As discussed, the ssimulation results presented the good agreement with

the temperature measurement results.
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Eg = Qdxdydz (3.12)
A A a ] A a . .
1e Qao Suannuiounnanog (internal heat generation)

@ A < @ 1 [ 3| [
llagwa\i\ﬂuwﬁgﬁuﬁlujgﬂﬂ lﬂUﬂ15ﬁ$ﬁuwaqqqu1uzﬂ@’N 9 VlJJ’n%L“lJuwmﬂu

Y v 9 @ A 1 @ 4 Y v =
ANMUTOUTURE AUT UL Wﬁ\‘]\'j’]ualuzﬂ@u S AFU WANIUIAY NANIUANY 3’31111‘]}0\1

=1

Y 1 @ @ [ @ J
wasumani Taun wasasiuse iudu naadluglaums 1daad

oT
E4 =rc— dxdydz (3.13)
ot
e p A9 AWHULUUNIA (mass density)
c Ao muﬁ;mm%’am‘hmw (specific heat capacity)
d .
t A9 1301 (time)
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AMUFUNIN 3.6) 3.11) (3.12) tag (3.13) adluaunsn G.1) az'ld

oq oq oq oT
— X dx——2Ldy——%dz=r c— dxdydz— Qdxdydz 3.14
ax 6ydy p RRAT Qdxdy (3.14)

wiodagilmilasunuaunsi 3.3) G.4) uag (3.5) asluaumsi (.14) 1218
o dr ool o or or
K, dydz——dx+k dxdz——dy+k,dxdy—-—dz=r c—adxdydz-Qdxdydz  (3.15
Xy@x@x y 8y8yyz yazaz a ydz-Qaxdydz  (3.15)
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4
3] uﬂﬁzammimmm?au (thermal conductivity)

3.3.4 MIMANNSeu

9 I J Y ' a 3 o A
ﬂ"ITV‘ITﬂ’J”IiJiﬂulﬂuﬂWiﬂTﬂI@uﬂ’ﬂNi@u3314’31\1N'JGIJBQGIJ?NLLGINT]U‘U@Q]IWE‘W]?J

A ~ A 1 Y1 I 4 A A [ 1 a o
NITIAADUN maﬂan"lmuﬂuﬂimgmsmmsmammGumwawmmmmmqmwmqa"l,‘ﬂsm

U

] ]
=1

Qé d' [ =\ d' 9 [ L] 1 d‘i d' s 9
UNHUA Iﬂfﬁ/]Ill!aQﬂﬁ?ﬂﬁTﬂNﬂTilﬂaﬂuﬂqﬂﬂfJﬂ AFDYNETU NMILAADUNUBIAUNNIUTIUN
Y @ ' < 2 a Y £ Y = A
UYAAINAITUIDU ﬁiJﬂ\'iﬂﬁW?ﬂﬂgﬂﬂﬂ!ﬁQNQQﬂ1N1ﬂﬂﬂﬂ FINTTNINNIDOUN 2 LLUD AD
9 1 a . a d? d‘ = LYY Y
mimmmmuamﬂuamz (forced convection) !ﬂﬂéllu!llfJiJL!iﬂﬂWﬂu@ﬂﬂﬂUﬂﬂUiﬁﬂlﬂﬁqﬁﬁ
tﬂ' td‘ 1 a o t:'QI 1 A <3 1 ] Y o 1 Y a d‘ td' ] 9
PADUNFNIUFNIIARNIDUNIVTBLYUNTIT B ﬂTiGlGIfWﬂaNLﬂW@WﬂWﬁﬁlﬁLﬂﬂﬂWﬂﬂa@uﬂNTL!Q'JEJ
v 3 v v 1A . a 4 A a
munseu IWuAY LagN1sTNIANNTOUI DAY (free convection) mmlumaﬂum'lwamﬂ
ﬂﬁ'!ﬂaﬂu‘ﬁlﬁ@ﬂﬂ']ﬂuiﬂﬁ@fJ@Q]J’J ﬁﬂﬁ’gﬁﬂmmgmﬂ@hwmmmﬁmuﬁumawm'lwaiu%u?mu
Y o [ [~ 1 a ogj 9
Glﬂﬁﬂﬂéll@\illsll\i ’amﬂuwamﬂmmu@ﬂmwmqmwgﬂu%ummmaﬂﬁa Iﬂﬁlﬂ'ﬂﬂJﬁ@uiﬂﬂ
¥ o q ¥ = [T = A A AL g9 2 o
mElmwvlﬁ]xﬂflﬁe1mﬁummwumuumm (1U7) AUNAMIATDUNVUAUUU VUSIAYINU
A 1A ] 1 A ~ =
2IMANYUNITHANTNHUILUUGIN IS UNVUNUN
@ 9

1 < @ a o
ﬁuﬂ151uﬂ13ﬁ1@ﬁ31ﬂ13w1931”5@u%$ﬂ51ﬂ§]a§1u2ﬂﬂaﬂ1ﬁlﬂu@')m@\‘]u’)ﬁu

(Newton's cooling law) A4l
Qconv = hA(Ts _Toc) (3.18)

4
L) h feo duilszanimsmanuion (convection heat transfer coefficient)
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Y 9
% [

Tasiia b g uaz | fudned Fagunsom dnnganeriedaadl
me(xl, ylyzl)z a+bx +aoy,+1z
nL(xz, yz,zz)za +bx, +oy, +1 z,
me(x3, ysvzs)za +bx, +oy,+1z

”L(X4,y4,24)=a + bX4 +ay, +1 Z,

' 4 [
Wi a b guaz | fldnamsudaumsnidiiedy unuandvaslyluauns

~ Yo o ] a a o
1 (3.20) 3 ldanpazMInszevesnamas Iagllszana a dunala q vudaamudily
m.(x, ¥,z)=u,N, + u,N, + u;N, +u,N, (3.21)

d! d‘ A J o Aa A 4
%9 Nn 10 7= 12 3 uag 4 Ao Henvumsilszuanelusaamwua
1
N, :a(a11 +b x+c,y+d,z) (3.22)

TRl 3= %, (Y52, ¥a2)* %, (YaZo - YoZ) + % (YZy - o)
a,=X,(Y5Z - V1Z) + X,(V1Z, - ¥4 Z) + X (YaZs - Y32Z4)
8,= X, (Y12, - ¥,2)+ %, (YaZs - YiZ)* X (YoZs - Va2o)
8,= % (¥,Z - 1)+ X, (V125 - ¥2Z2) + X (Y2, - ¥,Z,)

b1: y4(23 - 22)+ y3(22 - Z4)+ yz(z4 - ZS)
b2: y4(21 - ZS)+ yl(ZS - Z4)+ y3(24 - 21)
b3: y4(22 - 21)+ yz(zl - Z4)+ y1(24 - 22)
b4: y3(21' 22)+ yl(ZZ - %)4' y2(23 - 21)
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C= X4(22 - 23)"' )%(23 - Z4)+ X3(24 - 22)
C,=X%,(z-2)*+x%(z-2)+x(z,-2)
C,= X, (2,-2)+%(z,-2)+x(z,-2)
C,=%(Z,-2))*+ X,(Z, - Z3) + X (Z;- Z,)

d =X (Ys-Yo) + X (Yo - Ya) + X (Y, - Ys)
d, =%, (Y, - Yo) + %, (Vs - Vo) + X (Y, - Vi)
dy= X%, (¥, = Y+ % (Y, - V) + %, (Y, - Y,)
d4= X3(y1 - y2)+ X1(y2 - y3)+ Xz(y3 - yl)
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HPML® AD G13 - Street Lighting
High Power Modular Lamp
Constant Current

Datashest

The HPML AD Is 3 high power LED mogule with integrated heat sink for optmal thermal management and
taliored opIcal design. The moduiar design concapd of HPML AD — Street Lighting aliows for design flexibilty
Dy varying the moduie quantity o achieve the bast streat iighting soision for ME1, ME2 and ME3 road
ciasses. The LED moduie is avaliabie In different color temperature (3000« 2000« and 6S00K), offering very
long tme Ifetime for minimal maintenance. HPML AD Is 3 saif-contamed P65 unit ideal for ouldoor
applcations.

BENEFITS

Tallored optical design

- Special gesigned lenses optimized the light dstribubion across e road for different road class
requirements

1P§S protsction

- Self contained housing with heat sink for excellent thermal management, No exira protection is neaged

High ensrgy eMclency

- Constant current driven maxmizing system eMciancy

Stackable & maintainable module

- Simpea screw fung mogdule aliowing multipie module configuration In kuminaires

Long e time

- Optimizad for extended IFetime and lumen maintenance

APPLICATIONS

Street lighting for ME1, ME2 and ME3 road dasses

HPML AD 313 - Stest Lighting Datashest Page 1075 OSRAM 9
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BULE AP
SPECIFICATION
m
Farametor 008K 40008 L
m' Typical luminous fur @3S0mA 2300im 2700m 34008m 3400im
Typical luminous Tux @400mA 2500im 3000m 3T00Im
|Beam Angie 150" x 80"y 20° 130*y45"x 5*
ccT 3000 4000K S500K £500K
Typical CRI =0 70 70 70
Lifetme (T, 8 35°C) (L7TOSS0 >50,000 hours
EXTT — et rangs 100-<4S0mA 100~T0OmA
Meamur rout voige * 48\ iper each par cabie)
Power @350mA teical) Es) 0N
Power @400mA tpical) 34 5N
OSRAMOSTOTRONIC
OTe 70/100-27 72350 £, each driver supports 2pcs of HPML AD G13
Flecommeanded Driver OTe SO220-240u4 w400 £, aach driver supparts 2pes of HPAML AD G13
OTe 105/100-277/3x350 F, £ach driver suppors 3pcs of HPML AD G13
OTe 140¢500-27 7423350 F, each ariver Zupports dpcs of HPML AD G13
|50 Frotecton contact4kVand air KV
[Meahanial Dimension 2mmLETOmmW ¥ §5mmH
Meurdng screw fiing at sice
Opdics polycarbon aks lens
Jweigre Ja70 giv-30)
e -30 ... 458 (T, In e 3ir)
Operatrg ™ 30 ... 30°C measure a1 T, point)
|strage ™ -30 ... 85°%C imeasare at T, point)
tandwrd e gatng PES
CEIEC 62471 EN £2031; IEC 60538-1; EN S5015; EN 61547,
Flammabiity IECHO598-1
|Ermeronman: RoHE

" Dum 0 he spec mndiioma of menictorng somemes of LD, Fe fyposl Saie of chncs peerwiss o onfy milect sadbos figuws nd oo
=of recemarly Dtespons b e sctue perereiem of ssch single progiuct. Actusl o cuisot ces be veried dus bo many leciors llos smp fecor of
LED reul astrentfoinges, ordbiors many ofer optiel shmancs end Tesasemet Deercs. The dets shows ® for efererce only  Pesss
corinct Cumer msiss or moietry s for mrecs o costorren e ey ssecfc deTmee on pedcuie” paneTsier

# Lossing Taomam retngs e coentrg vxlags wil Ceuss Sarerocos cverosd e el Lty Ssadoy e LD D madus
M Lrssdng namrun reirgs B ooe it @t st leTpermem el imdute ariecmd Fe e o testy e LD nocule The iemcerstoe ot e (LD

rrodde sesds b be Neeesd o Bw Tocord smaerdng it ENEFES-1 £ e Femaly torstec! sishs wES @ nperskos seteor o 8 Serpersture
i o

HPML AD 513 - Sthewt L Diatam et Page2of 5
Updaied in Jan 2013 . - OSRAM e

=).

i

[ v aA 1 d'
n.2 pudnyuzuazAuaniiaveoada luga (a@1uh 2)

@an

79



PHOTOMETRICS
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Cawre Yo ey
b waken e swvithos Fabes saie b reshs
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3 Trd e of T A= X
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SAFETY NOTE

The LED module ts=lf and 3 Its components may not be mechanical sressed.

The moguie net weignt is 370+30g.

Assembiy must not Gamage or destioy condueling paths on the circult board.

To avold mechanica damags to Me connedting cadles, the moduis showd be attached securaly to the

mature. Heavy vibration shouid be avoidad,

nstailation of LED moduies with (Dower supplies) neads 10 be made with ragand 1o ail applicable

Slactrical and safely standards. Only gualiied personnal shoud be alowed to parform Installations.

Please ensure hat the power supply 16 of adequaie power fo cperate Te total load.

+ HPML AD G13 needs to connect witn consiant cument DC driver which must has stable constant curmant
{+i-10% tolerance suggesied) and min voitage 52V capacty input

+ HPML AD G13 SL needs 1o connect with constant current DC driver which misst has stabie constant
cument {+/-10% tolerance suggested) and min voliage 95V capachy Input.

+  [Elecirical contact ks achieved with the contact cables. HPML AD G12 coud be suggested to connect
with OTO220~240/47400;

* The design of the housing should be accordng to e IP standards In the applcation.

+  Pay attention 1o standard ES0 pracautions when Instaling the module.

* I surge protection structure not within power supplier, 3 lightening protecior should be needed
acdttionally for cuisoor appication.

+  Flx screw gemand: GB/T70.1-2000 M3XE A2-70, A4-T0; GB/S15-2000 M3X5 A2-TD, GB/E5-2000 M3XE
A2-T0, GB/TET-2000 M3XE A2-T0.{material: stalniess steel)

+  Sirongly require using lock washer, recommending: GBE51.1; GB361.2, M3 Ring gasket. (Materiat
stainiess steal).

* o

*

HPML AD 03 — Stheet Lighing Datashest Faga4 of § ome

Updatad n Jan 2013
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Eanar | s lait ]

HPML AD G13 WLF 830
L15aX80KS0 46V £X1 OIRAM

HPML AD G13 WaF 740
L1SOXBIXED0 46V 4X1 DSRAM

HPML AD 513 Ws 755

L1SOXBOXE0 S5V 4X1 DORAM

HPML AD 513 50 W4 T8
L130KA5KS 79V 4X1 CORAM

OFTOTRONSC

OTe 830/220-240Ex3IE0 E

CFTOTRONIC

OTe S0/220-2404x400 E

OTe 70/100-277/2X350 P

OTe 105/00-27773X350 P

OFTOTRONIC

OTe 1407 I00-27TTEX3ISD P

400832 1838803 1 4008321638810 -
400832153558 1 4008321838555 £
4008321239188 1 4008331833178 4
4008321835213 1 4008321838220 £
4008321520857 1 4008321520584 B
4008321837345 1 4008331637352 5
4008321851512 1 4008321851528 B
4008321251452 1 4008331851505 5

1 5

400832 1251475

400833 1851482

SALES & TECHNICAL SUPPORT
OSRAM Asla Pacific

30" Fioor, China Resource Buliding, Sales and technical support is given by the

2 Harbour Road, Wanchal, Hong Kong local OSRAM subskilaries. Compiete

+B52 3652 5678 ‘subsidiaries Fsting is avalabie at OSRAM
WWW.0STam.com homepage.
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ANALYSIS OF TEMPERATURE DISTRIBUTION IN FINNED
HEAT SINK OF LED STREET LAMP USING
3-D FINITE ELEMENT METHOD

Supaluk Rachso, Padej Pao-la-or
School of Electrical Engineering, Institute of Engineering
Suranaree University of Technology, Makhon Ratchasima, THAILAND

ABZSTRACT

This paper proposes @ set of mathematical model of
LED Sweel Lighiseg Fuminaire which performs in
secondsorder partsl differentinl equation. The paper
simuate the distnbuison of iempersiure =@ finned
heat sink of LED street lanp. The computer simuation is
applied wing 3<D finse element methid that 15 developed
by MATLAB program with the graphical performance of
the tempemture within LED Sareet Light Lumsnssre.

Keywords : LED Sireet Light Lauminaire, temperabure,
3} fimite element method (30 FEM), Compaser
Simnulation

1. INTRODUCTION

Light Emitting Dhodes (LEDs) applied to streel
lighting ore gaineng mach interest in the las years, they
can provide energy saving, relabilgy and long lifetime
[ 30=1 00khrs) resuliing in low spkeep costs . The main
portion of input energy into LED & tumed into heat
faround of W0-85%) (Chen, Too and  Hui, 2012) The
device heating  increases the  junction  temperabure,
which can lead to relighility problems such = low
quantum efficiency, wavelength shifis, shon lifetime,
and even catastrophic failure (Tsad, Chen and Kang
LI00R).

To snalyze temperature of LED Swoea Lighting
lumenasre, temperatre calculation: namerical
appeocimatson methods (e.g. finite difference: FD or finse
element methods: FEM) Waeh lack of accuracy, the first
approach & mnot ofien med for  this  pumpose,
especially when nonlineanty of tempernivre s ewaolved.
The FEM &= applecable io a broad mnge of solving

temperainge problens dise o0 s flexibdity, and
moouracy. Application  of  the FEM o LED Street
Lighteng |luminaire is inclusive, In additson, this method
is mare efficient than the FI' method due 1o
flesshility and osccumcy, and ® can pain  sevemnl
advaniages when ® is applied w LED Sereet Lighaing
lumenasre.

In this paper, a steady-state condition in an LED
Street Lighting leminaire is used for test, This resulis in
a =t of partal differeniml equations (PDEL Secizn [
presends the mathematical model of empeatre in LED
street lamp hesed on 2 set of Heat transfer eguations,
while Section Il desonbes the 3D FEM by using
Cralerkn approach applied to LED street bmp  for the
oy of ohmming  femperai distribution. The
domain of siudy with the 3D FEM can he discretied by
wsing  |mear  tetmhedron elemens. The  simmilation
conducted herein is bosed on the 3D FEM method
given m Section [11. All the programming  inswmuctions
are  coded im MATLAR program  enwvironment.
Informatson of the test example and sEmulateon resulis
are  shown in Section IV, Finally, the last seclion
rovides the conclusion.

2. MODELING OF TEMPERATURE FOR THE
SIMULATION

The following steady-state heat ransfer equaban with
heat sowrce show im Eq. (1), & mmed 1o obtaen the
temperainre distribution @ LED Street Ligin Luminaire
(Lewis, Mithiamsu & Seetharamu, 2004).

d 4T @ 4T

a1
i H‘E-‘-‘_Y +igEptO=0 {13




where & is thermal conductrvity. The comvective heai
transfer coefficient (h) of hem sk is 10 WomCe
The thermal conductivity of packaging material is show
m Table | (Wang, Lei & Zhu, J0049)

Table | Thermal conductivity of the LED packaging

Thermal conductivity { Wim."c §
LEDy chep 130
Soaking 40
Block
Substraie ]
Heat sink I3

Assumeng ihal ambient temperature (T.) is consiam ai
37 "c and heat source {(¥)of LEI}chip is 200 000 W.m™

3. 3D-FEM FOR LED STREET LIGHT LUMINAIRE

3.1 Discrelization

This paper conducts the simulstion sisdy by

considering the LELY Street Lighting luminaire. 2 shown
m Fig. 1. Allso

Fig. 1 LED Street Lamp { LEDs mounged on the heat sink

The domain of siady with the 3T<FEM can be
discretized by using lmear tetrabedron elements, This can
be accomplshed by wsing Sold Woek fie 3D gnid
generation. Fig. 2.3 displays deiail and grd represendation
of LEDD street lamp. The regsan domain consists of 38,280
nodes and 146,826 elements.

Fig. I Detail of LED street lamp

Fig. 3 Discretization of LED street lamp

3.2 Finite element farmulation

An equation govermning each element is derived from
heat tramsfer equations direcily by wsng  Galerkin
appreach, which = the panticular weighted residual
method for which the weighting functions are the same as
the shape funciton. The shape function for 3DFEM used
in this research is the application of 4-node tetrahedron
element (three-dimensonal lmear elemem) (Bhatti, 2006}
and (Kattan, 2007} .Acoarding i the method, the
temperature s expressed as follows

Tix, ¥, 2) = TiM # Toha + b +TeMae {2}

where M, , i= I, 1, 3, 4 is the elemen shape function and
the T, , i= 1, 2, 3 4 is the approximaison of the

temperatare o each node (1, 2, 1, 4) of the elements,
which 1=

N, -&'Iq ehracyed)

where ¥V = the volume of the teirahedron elemem, which
is expressed as

I's » 5
l"-]-I ¥ ¥y Iy
LY L
1 x P =i




and

- _-.:*:_‘-:_-‘ =Ny I+ I:II Y= hS, )+ Il‘yl:i =¥ )
a8 = X0, = KE 0+ GRS = Fn)* LINS = 1)
8, = NK% = Ben ) TOLS = W) GRS, = 1)
a8, = 5(¥:5 = Bm )+ TS = s ) SRS = 1)

LA L B L M E
l':l el LRl B T E R R L R
LA AL N R LS EA
by =yl =zt sy = b pls = 5h

oy m oy =+ iy =2, b am =)

oy & X (n =5 Y xyfz =, )4 s, =55
Oy = s syt oy =5, v s, =5
£, & Tz =y m =0 b Ty = mu)
- AU N B A N b Y
dy =30y, =3+ =Ry, - 5)
dy == W)+ T = w5 = Fa)
dy =50 = B ) 3 = 3T 0 = )

The method of the weighted residual with Galerkin
approach is then applied o the differemtial equation, refier
o (I} where the integrations are performeed over the
element domam |

j{;:_xg + 1%; + 1%; Jav +JH.{HT‘]I:IJ'
= F oV + f, Ny (BT, )
, ar in the compact matrix forms

(1K) + e Th = Q)+ Q) (E3]
K] =

O o )

babs+oic +dids  bybydopog+d,d;
= bgby4eycy4ad,

Sym

byba+opca+dady  byhytogo+d,d,
beba + czca + dady  Baby # o0, 4 d, i
habyegtytdady  Babytran, +dyd,
hghy+rogoy +gdy
241 1
B
[Ku] = b | NNy, chustyctz = = } % é } 05
111 g
1
Q] = BT, M, duclypetz = =% 1] ()
1
1
w1
[Ge] = @fN, dudydz= 5 H m
1

For one element containing, 4 nodes, the expression of
the FEM approximation is a 4x4 matme. With the acooun
of all elemenis in the sysiem of o nodes, the system
equation i sizable & an nxn mabnm.

4. 3D -FEM Simulation Result

The FEM:based simudation conducted in this paper is
coded with MATLAB progmmmeng for calculation of
temperture dispersion. To wilze 2 graphical feature of
MATLAB, the graphical represeniation for Emeperaiure,
contour 0f lemperaiure desiribution are presented in Fig. 4

Fig4 Simulses Temperature distrbution in heat sink ("c)

From Feg 4 shows the emperature distribution of LED
street light by wsing 3D FEM program which is
developed. It cam be noticed that the semperamre
distnbuteon will happen from the LED pmction ai the




highest level of temperature o the LED street light
heant sink. Based on the aricle, LED junction semperature
1Ty is 47,53 "c.

5. CONCLUSION

This aricle swesigaied the tempersture that fook
place in LED} sireei light. The sample model from
compuier applied the 30 FEM which developed by
MATLAB. The resuli showed that the temperasture will
disirdle itself from the LED} Chip junction which is the
highesl temperaire part to0 heat sk, inchading the
average, standard devmation in heat sk ond LED pmction
lemperntuere which it will be shle w0 use in temperature
distribution amalysis
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