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2.1 LED(Light-Emitting—-Diode)
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Blue LED+Yellow Phosphor UV LED+RGB Phosphor Red+Green+Blue LED

White Light White Light White Light
—mae
Blue LED YellowPhosphor UVLED RGBE Phosphor InGaN LED InGaN LED
AlGaAsLED

Uy LED 8
Spectrom (‘i\‘mf::m:\l i
J 2 vy Blue Peak i

Blue LED Emuission
Spectrum 4

Combined
Spectrum

L] L] L}
470 525 590 630 (;m) i 470 535 590 630

L]
{nm}

a9 21 94 LEDE WEE ¥
Fig. 2.1 Variety of ways to make the white LED
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Table 2.1 Comparison of light sources of performance
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2.1.2 COB(Chip on Board) LEDY £+
COB LED= LED 51714 SA= AAs s w2 9 LED IS 27
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G R B VA

Original Package COB Package

1% 22 COB LED Wé¥e /U=
Fig. 2.2 Conceptual diagram of COB LED heat radiation
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2.2.2 Y5 (Convection)
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2.2.3 ¥ AH(Radiation)
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X (Heat pipe)
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2.3.1 EAl& dA(Capilary phenomenon)
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2.3.2 A% A (Working fluid)

¥ 22 AEsFAe T+

Table 2.2 Type of working fuid

; : Boiling Point at
) Melting Point Useful Range
Medium 3 Atm, Pressure .
(C) = ()
(C)
Helium =271 -261 -271to—269
Nitrogen -210 -196 -203to—160
Ammonia =78 -33 -60to100
Acetone -95 57 0to120
Methanol -98 64 10to130
Flutec PP2 -50 76 10to160
Ethanol -112 78 0to130
Water 0 100 30t0200
Toluene -95 110 50t0200
Mercury -39 361 250to650
Sodium 98 892 600to1200
Lithium 179 1340 1000to1800
Silver 960 2212 1800to2300
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233 S EFO T & (Wick) FZ

o, &9 FAt Rekel wetd & g THo| WA d

structure)o] 12 T+ v B8 Z(Composite wick structure)©] o}

oH21]. & F
= IA F A2 JUdy. sty 2+ Z(Homogenous  wick

Sintered Metal Wrapped Screen

18 25 | Evfo]lze] #A 9 7%

Fig. 2.5 Homogeneous wick structure of heat pipe
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Groove Artery

29 26 HETe|Ee B3 9 7x

Fig. 2.6 Composite wick structure of heat pipe
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2.34 S|EFo|xze dHAYE A

(1) A& A (Capillary Limit)

2AT o] T vk

—~

£ e ) A K ) B 14 Dryouts &

& -

H= A WA sk S E bt

(2) #+# eA(Boiling Limit)
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(3) Z+& 3A(Entrainment Limit)
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51 Al (Sonic Limit)
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(5) 84 A (Viscous Limit)
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Axial heat flux

Ae Ao 54 W97t Fash, A e EAH

Entrainment limit

Capillary limit

Sonic limit

Boiling limit

Viscous limit

Temperature
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Fig. 2.7 Limitations to heat transport in a heat pipe
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2.4 4 # ¥ (Thermal Management)
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Table 2.3 Power conversion of Light source

Metal
Sources Incandescent | Fluorescent ) LED
Halide
Visible Light 8% 21% 27% 15-25%
Infra red 73% 37% 17% 0%
Ultra Violet 0% 0% 19% 0%
Total Radiant Enerty 81% 58% 63% 15-25%
Heat
) ) 19% 42% 37% 75-85%
(Conduction+Convection)
Total 10096 10096 10096 10096
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Table 2.4 Thermal Conductivity by PCB

PCB Type Thermal conductivity
FR2 0.2W/mK
FR4 0.35W/mK
MCPCB 1W/mK
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Table 2.5 Thermal Conductivity by Material

Thermal conductivity

Division Material
(W/mK)
Beryllium oxide 260
. . Aluminium nitride 320
Inorganic material Silicon cearbide 770
Alumina 24-35
Air at 0°C 0.025
Glass 0.8
Water 0.6
Ice 1.6
Non-conducting Fiber-reinforced, Plastic 0.23-1.06
Diamond 2000
Polyethylene HD 0.5
Styroform 0.01
Thermal grease, Ag based 2-3
Aluminium 237
Gold 315
Copper 386
Lead 35
Metal Steinless steel 16.3
SS316 14-16
Silver 406, 418, 429
Steel 50.2
Pb-Sn 50
Sn-Ag-Cu 95
Solder
Sn-Zn-Al 66
Sn-Bi-Ag 21
Paste Clear paste (silicone, epoxy) ~0.2
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LED?Y dA &S A (24.3)0 2 eI

Ry a =Ry st Rys 4 (2.4.3)
R‘thJ— S = R‘th,D[E + R‘th,adhesive + R‘th,frame + R‘th,solder

Ris— 4= R‘th,solder + Rm,PCB

Ryj—a =

Ry s = AN EHEAETA o DA

IA

Aol A A7k o) ARG

R 4 = SHHRIENA 7714 o] A3}

9 A& ol g3t HIARE(T)E AA LED HF2LE A &85
= 2 244)0. 2 W3 s 4= 9lt),
T, =T4+ Ry, s X Pp (2.4.4)
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3.1 Spotlight®& LED
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a9 31 ARz AXEFO|E(ETS SOURCE FOUR =d)
Fig. 3.1 Halogen Lamp Spotlight (ETS SOURCE FOUR Mode)
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a9 32 S2AYWE AFEO|E A

Fig. 3.2 Halogen Lamp Spotlight Structure
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3.2 COB LED #7]1# &4 &4

3.2.1 COB LED #7]#A A A

T00Ww F2AAZ Foizds HAsH7] g LED3 YL &3]
H HFg A Fo] =3 COB LEDZE AA3 At AA3E 200WHF COB
LED+ GLBTECH;j ¢ High CRI 4232 COB LEDE A A&t =7
gz A2kl 3000Ket A ME=E 7FA= 2700Ke] ZdS A

shgon, 4% E 313 2ok

apoyien

Dimension : 42.0x 42.0 x 3.5T mm
Light Emitting Surface(LES) : COB - 32g

a9 33 Al A" COB LED #7174
Fig. 3.3 Used COB LED Package in experiments
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S A

3 3.1 COB LED] H7] @384

=
574

Table 3.1 Electro—Optical Characteristics of COB LED

Forward | Forward o
CCT Power . It Flux |Efficiency B
curren voltage eam
[W] [Im] [lm/W]
[A] [V]
2700K | 205.9W 4.4A 46.8V 10400 50.5 120°
¥ 3.2 COB LED®] <1414
Table 3.2 Color Rendering index of COB LED
Ra R1 R2 R3 R4 Rb5 R6 R7
98 99 99 o7 95 98 98 98
RS R9 R10 RI11 R12 R13 R14 R15
99 98 98 93 94 99 98 99
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Fig. 3.4 Thermal resistance measurement system (T-3ster)
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3.3 3 EYo|=z HA H AN

T8 & 3l
I{effective = QLeffective/ (AA T) (3 1)
Leffective - (Levaporator + Lcondense )/2 + Ladiabatic
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% 335 Ao A48 sETo|Le] A%e e

%33 3 Evbo X AL
Table 3.3 Heat pipe specification

Caliber 6.35mm

Length 250mm

Density 8933.0kg/m’
Thermal conductivity 15,000W/mK
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Fig. 3.6 Simulation of designed thermal engine

_34_



WHd Ao HAsE AAE fsl] AAA S o] 8ste] v Hel JFE
AZEEE T wE dlRe] Abg3k Aol T+ 0.5mm, ¥°] 60mm, Z©]

110mm¢S! #2 Abgstdtt. B A8 S syl fel 4 GB2)¢8 &
2 & Abg3tel diF 9275 hE Prandt
o Pr#} Reynolde &+ ReZ T3 = AtH25]. o 7|41 &7]9] Prandtl <
Pr& 07255 Ag 3901, Reynolde & Rex 2] (3.3)2 o]&3to] AALs}
Ak A (32), 33)& EdMA T hitS A (34) Newtono “JZHH
A gyt dAGE QE AH A" 200We ¢k 60%7F d& WEE
120W= AdAste] Zatstadth Adbs g3 28 @iy AS 72 5 3

A = =
ovj, ¥ shibe] EWAS A Lo d A A5E 7 5 Aok

>

hL 3 6d
N, === =Pr’ (0.037Re"" —850) (3.2)

Re=— = = (3.3)

Q=hA(T,~T) = A== _ (3.4)
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35 € s AEHlA WH

g 4 AlEHAHAL HAFAIEGE(CFD, Computational Fluid
Dynamics) 2ZE¢o]¢]l ANSYS ICEPAKS o] &3] 43S 3o},
Ddge 3 #3499 60%7F €2 HEHEE 120WE dEges HdA
sttt Al Y] A E Fol7] Yl Mesh A& 130974 o3 A4S}
DL, 1m’e] Fzbel 1718}, 25T A 2= 2HoR WFE AA
oh slETelZe] ddERE 15000W/mKe] & el ddrwr)
=2 AR TS WAHe ZAYE ol UfF EAGATE

AOW/mPK= 2 &3t e A%5S 7z Aol PWM Duty Cycle =413}

# 34 & alyol Abed =4 &

Table 3.4 Properties value used in thermal analysis

Specific heat Conductivity
Layer Material
1/ (kg K)] [W/m - K]
Fin Al6061 896 167
Heat pipe Cu 900 15000
LED Sapphire 761 23.1




San Ace 60 (Bottom)
60X60X10mm [Mass : 35g)

Specifications The following nos. have pulse sensors.

78

P

Madel No. Rated Violtage | perating Vokags Range | Rated Current | Rated Input| Rated Spead Max. Airflow Max_ Static Pressure | SPL | Operating Temperature | Expected Life
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Specifications The following nos. have PWM controls, pulse sensors, and ribs. For ribless, append "1" to the model no.
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IeWIEY B 207 | T 107 IR .
9GA0812P4J001 125 008 | 09 zisuu "u.ag_;‘ M3 |02 008 2
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9GA0824P4J001 % | 06| M ?:sﬂﬂ 08 25 %4 0 ]
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Fig. 3.7 Specification of cooling fan used in experiment
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Fig. 3.8 The cooling fan used in the experiment Duty cycle curve
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Table 4.1 Measurement of COB LED of properties

Item Mesurement Data sheet
Luminous flux [Im] 12,183 10400
Power[W] 192.6 2059
Efficiency[lm/W] 63.25 50.5
Ra 97 98
CcCT 2,162 2700
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% 41 COB LED A=
Fig. 4.1 Color coordinates of COB LED

19 42 COB LED 2~#Ed
Fig. 4.2 Spectrum of COB LED
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Min.[TC]
130
113

95
74
63

Heat pipe
Count
10

Table 4.3 Surface temperature change with heat pipe number
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’ 1 Fixture(Body) ADC12 (36 W/m.KI)

> coB COB 200W, ALS0S1{167[W/m.K])

3 Fin 53ea, ADC12(36 [W/mK])

' & —-HE35mm =T
@ 4 Heat pipe UL : 8933.0 kg/m*3
: . S E(15,0000W/m K)

60 x 60 x 10mm
{Maxﬂ.ﬁE[m’*Ba’ml'n], B6a[Pa] )

30 ¥ 80 x 20mm
(Max2 07 [m™3/min], 177.6[Pa] )

7 SMES ABC200-1042G

] J 3 Fan(botiom)

& Fanitop)

T 43 BE Qdxle] g e

Fig. 4.3 Section view of the heat dissipating engine
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Fig. 45 Temperature of measurement engine
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Fig. 4.6 Simulation of temperature distribution of heat dissipating

engine
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Fig. 4.7 Simulation of flow velocity of heat dissipating engine
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Fig. 4.8 Temperature recorder measurement result of heat dissipation

engine
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Table 4.5 Temperature recorder measurement result of heat dissipation

engine
Point P1 P2 P3 P4 P5 P6 P7
Temperature | 69.6 62.0 60.0 58.9 58.0 60.7 50.1
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Fig. 4.9 Temperature recorder measurement point of heat dissipation engine

_50_



S|
ax)

g 3

o w&

o

F17F Al o

1

W

o] COB LED<¢ #

S

oM et HAF dUAE W=

-
o

olo

=
N

o]
=

)

selzich, wekA

7}

H &%=

2}

oF
2

0Cel N Wz A 1w

=

o7} 1}

&

fel g Gl weh e=rt 2u)7t

R

R

<k
oW

o

4
o

pu—

O

"
-
B

1400

1000

TAN®OTWO O~
o T I M o I M W o
I
=
18]
o
O
=
©
@]
(]
Q
=
(=
o
a
@]
£
[
@]
O
Y
| | I ] . ] | 1
o o =} o o o o
(0,)ainjesodws |

1200

0 200 400 600 800

-200

Time(s)

Fig. 4.10 Temperature change due to use of cooling fan of heat

dissipating engine

_51_



Top = 100%, Bottom ¥ 100%
48 157m/s & YET

ey
=
BN
]
ke
o)
rlo
i
flr
(@))
g
-
o,
Ny
B
ki

(a) Temperature (b) Velocity
(top—fan 100%, bottom-fan 100%) (top—fan 100%, bottom-fan 100%6)

a9 411 £59F 7% Al B oA

Fig. 4.11 Temperature and velocity simulation
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(a) Temperature (b) Velocity
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Fig. 4.12 Temperature and velocity simulation

(a) Temperature (b) Velocity
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Fig. 4.13 Temperature and velocity simulation
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Fig. 4.15 Temperature and velocity simulation
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Fig. 4.16 Temperature and velocity simulation
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Fig. 4.17 Temperature and velocity simulation
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Design and Optimization of 200W COB LED Retrofit Engine for Spotlight

Woolin Seo

Department of LED Convergence Engineering, Spedalized Graduate School
Science & Technology Convergence,
Pukyong National University

Abstract

In this paper, 200W high power COB LED 1i1s applied to the stage
lighting. In the case of stage lighting that requires high output, the
conversion from conventional halogen lamp lighting to LED is slower
than other lighting products due to heat dissipation. In addition, stage
lighting 1s expensive and 1t 1s difficult to replace it with LED
products. In order to solve this problem, we designed the heat
dissipation design using heat pipe and fan, and set the design target
so that the LED engine can be replaced by using the existing stage
light. The heat dissipation performance was modified by using CFD
(Computational Fluid Dynamics) simulation. The prototype was
fabricated and the heat dissipation performance was compared and

analyzed.
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