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A study on LED illumination heat dissipation in
performance by using the sintered metal boiling
heat transfer surface of

vapor chamber type heat pipe

Jun Heo

Department of Refrigeration and Air—conditioning
Engineering, Graduate School of

Pukyong National University

Abstract

To solve the problem with fluorescent lamps and incandescent

lamps which has been the conventional illumination system will



greatly enhanced energy efficiency and lifetime of the LED(Light
Emitting Diode) lighting device. Recently, LED lighting system has
attracted the attention of the industries and its lighting technology
1s different from incandescent lamp because it has no filaments
which make it more robust and strong to resist vibrations effect.
LED lighting system shows less energy consumption, electric spark
does not occur and this will greatly improves the performance and
stability of indoor lighting system. However,. 80% of the electrical
energy used in .LED is converted into heat through effective heat
dissipation of LED temperature modules and lowering the substrate
temperature to improve the reliability, lifetime and heat problem
should be minimized. Optimal heat dissipation design and equipment
manufacturing LED lifetime and the performance can be improved.
Relying on natural convection heat dissipation of the LED is fast
becoming a better Jdighting practice but LED  heat generation and
dissipation remain-. a great: concern.. In order~ to solve these
problems, we use VCTHP(Vapor Chamber Type Heat Pipe). Which
has a heat spread role and heat transfer rate 2000 times higher
than copper within a short time and large amount of heat can be
transported. Optimal quantity state of horizontal fin vapor chamber
is R-141b 35%, and the heat transfer surfaces are sintered. At this
time, the LED chip temperature was 91.0C, the thermal resistance

10.84 C/W. In transformed vertical fin VCTHP was best thermal
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performance at R-141b 45%. In this regard, the lowest temperature
of LED chip was 77.3C and thermal resistance was 832 T/W.
Performance of VCTHP for heat dissipation in LED illumination

cooling system was excellent in all conditions in this study.



NOMENCLATURE

Symbols
A Area [m?*]
C  Corrosion allowance [mm]
D Chamber diameter [mm ]
d, Sintering powder diameter [mm]
E  Joint efficiency [ Factor1.0 ~ 0.7]
h;, Latent heat [kJ/kg]
h,  Thermal contact conductance [W/m?C]
1 Electronic current [A]
ID. Inner diameter [mm ]
k Thermal conductivity [ W/m- K]
M, Merit number! of heat pipe [k W/m?]
M,  Merit number of thermosyphon (kWS /m2 0™
O.D. Outer diameter [mm ]
P Design internal pressure [kg/em?]
R Thermal resistance [T/ W
R, Thermal contact resistance [m?C/ W]
R, Total thermal resistance ['C/ W]
S Permissible tensile stress [kg/cm?]
T  Temperature [C]
Q  Quantity of heat [ W]
g  Heat flux [ W/m?]
VvV Voltage [V]
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Greek symbols

§  Sintering powder thickness of heat transfer surface [mm ]

ty  Viscosity [kg/s m]
p;  Density [kg/m’]
o; Surface tension [N/m]

Subscripts

a Ambient

b Bottom tube
c Chip

ch  Chamber

e Electron

f Fin

J Junction

Jo) PCB board
t Top tube
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Fig. 5 Interfacial separation between LED package and silicon resin
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Table 1 Working fluids and temperature ranges

Logarithmic | Working BOill\i/[I’i}gtlg%iriL K Critical Point, Useful
Temp. Scale| Fluids at 1 atm’ K&MPa(abs) Ranges, K
Helium | 1.0 & 4.21 5.2&0.227 o~4
Hydrogen | 13.8 & 20.38 | 33.19&1.315 | 14~31
Cryogenic | Neon | 24.4 & 27.09 | 44.5&0.018 27~37
Temperature, Nirogen | 63.1 & 77.35 1 126.19&3.397 | 73~103
Argon | 83.9 & 87.29 | 150.66&4.860 | 84~116
(0~200 K) ["Oxygen | 54.7 & 90.18 | 154.58&5.043 | 73~119
Methane | 90.6 & 111.4 | 190.55&4.595 | 91~150
Ethane 89.9 & 184.6 | 305.53&4.871 | 150~240
R-11 162 & 297 | 470.96&4.407 | 233~393
R-22 [113.1 & 232.2] 369.17&4.990 | 193~297
R-134a | 109.00.& | 374.0384.056, 213~300
R-1416412531 & 302.00,423.07&1.811 |\ 253~420
R-142b 12231 & 263.31898.071&3.371 | 223~373
Low R-290 |1231 & 231.1| 869.70&4.248 | 200~330
Temperature| Ammonia |195.5 & 239.9/1402.22&11.333] 213~373
(200~550\K) L Bthanol |158.7 & [851.5] 513.9&6.14 | /273~403
Methonol 1175.1 & 337.8] 512.6&83.09. | 283~403
Acetone |180.0 & 829.4] 508.1&4.70. | 273~393
Water.. 1273.1 & 373.1|646.99&22.064| 323~473
Toldene |178:1 & 383,71 59108&4.10 | 323~473
Naph
(helbn [-853.4 & 490" ~748.4&4.05 | 408~478
Medium |Dowtherm|285.1 & 527.0 - 423~668
Temperature, Mercury [234.2 & 630.1 - 523~923
(550~75O K) Sulphur 385.9 & 717.8 - 530~947
Cesium |301.6 & 943.0 - 723~1173
High Sodium |371.0 & 1151 - 873~1473
Temperature|_Athium [453.7 & 1615 - 1273~2073
Calcium | 1112 & 1762 - 1400~2100
(750~3000 K)™ Tead |600.6 & 2013 - 1670~2200
Silver | 1234 & 2485 - 2073~2573
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Table 2 Generalized results of experimental compatibility tests

Working Fluids

Compatible Material

Incompatible Material

Stainless steel, Copper,

. ) Aluminum,
Water Monel, Silica, Nickel,
L Inconel
Titanium
Aluminum, Carbon steel,
Ammonia Stainless steel, Iron, Copper
Nickel
Stainless steel, Iron,
Methanol Copper,-Silica, Nickel, Aluminum
Brass
Stainless steel,
Acetone Aluminum, Copper,
Brass; Silica, Nickel
R-11 Aluminum
R-21 Aluminum, Iron
R-22 Aluminum, Copper
R-134a Aluminum, Copper
R-141b Aluminum, Copper
Heptane Aluminum
Dowtherm Stainless S.t(?el, Copper,
Silica
L Tungsten, Tantalum, Stainless steel, Nickel,
Lithium . L
Molybdenum, Niobium Inconel, Titanium
. Stainless steel, Nickel, o
Sodium L Titanium
Inconel, Niobium
Cesium Titanium, Niobium
Molybd , Nickel, I 1,
Mercury Stainless steel oY enum. I,C © r.1co.ne
Tantalum, Titanium, Niobium
Stainless steel, Nickel,
Lead Tantalum, Tungsten . Lo
Inconel, Titanium, Niobium
Silver

Tantalum, Tungsten

Rhenium
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Nishio®] “&¥2]

D<1.84 )

Table 3 Inner diameters(mm) for stable operating of PHP

Chandratilleke et. al. Akachi et. al. Nishio et. al.

D=(1.5~2.0) L e, | o D<i1s8d,/—2—
9(p;—p,) Prg g(p;—0,)

303 333 353 303 | 333 | 353 | 303 | 333 | 353

Temp.
(K)

H,0 | 4.1~5.4]39~5:2[3:8~51 54 52052 | 50 | 48 | 4.7

Ethanol| 2.7~3.6 | 2.6~3.5|2.6~34| 36 | 34 | 34 | 3.3 | 3.2 | 3.2

R134a|1.2~1.609~1.310.7~09| 1.6 | 1.2 | 08 | 1.5 | 1.2 | 0.8

R141b | 1.8~24|1.7~2.2|1.6~2.1| 24 | 22 | 22 | 20 | 20 | 2.0
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Fig. 16 Enhancement for water boiling at 101 kPa (1 atm) on a
stainless steel surface having minute nonwetted spots

(30-60 spots/cm?, 0.25 mm diameter or less)
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Fig. 17 Enhancement provided by porous High-Flux™ surface for three

fluids boiling at 101 kPa (1 atm), as reported by Gottzmann et al.
[1971,1973]

Table 4 According to particle size and thickness of the experimental conditions

Diameter(dp) Thickness(8)
Test 1 0.25 mm 0.4~4 mm
Test 2 0.10, 0.25, 0.50 mm 2.0 mm
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Nishikawa, K.[12]¢} Ito, T[13]= ZHsfA R-11, R-113& AFE-3}¢]
18 mme] @] FE(Cu) B+ H5Bronze) o2 22 FHS dlo] ¢
Zpe] A7|e FAO wWE dAE HeS HUlsle A438S Table 49 #

o] Z&stATt. Test 1914 = AAe] A4d<= 025 mm= AAsa, 22

K
o

FAC e AEES AT Test 204+ &4 3" FAE 20
mm= AAs, YA A4S 010, 025 050 mm= HFS AT

al
of F Yol Av BEE 5/l vgo] 4% UHT W Y Aol A

Lo

Table 5 Experimental- sintered-copper wick heat pipes

Week s Wick #1(nom. particle size 180 ym)

Wick #2(nom. particle size 200 pm)
Model-1 Wick #1 & t,; = 0.5 mm
Model-2 Wick #1 & t1 = 0.8 mm
Model-3 Wick #1 & ty1 = 1.1 mm
Model-4 Wick #2 & tge = 0.5 mm
Model-5 Wick#2 & 'twz = 0.8 mm
Model-6 Wick #2 & ty2 = 1.1 mm
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Fig. 20 The picture of sintering on heating surface
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Fig. 23 Schematic diagram of experimental apparatus for

conventional illumination
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Table 6 Specification of 6.5 W cool white LED illumination

Type 6.5 W cool white LED illumination
Wattage 6.5 W
Incandescent lamp 40 W
Lumen output 550 Im
[lumination efficiency 85 Im/W
Voltage AC 220 V
Input current 60 mA
Color temperature 5028+ 283K
Beam angle 140°
Number of LED chips 14 EA
Output' per one chip 0.464 W
Chip area 0.04 cm?
Heat flux 11.6 W/cm?
Life" time 15,000 hours
SAMSUNG £
5

Fig. 24 Schematic of 6.5 W cool white LED illumination
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Fig. 25 Photograph of 6.5 W cool white LED illumination experimental device
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3.3 #%3™d Vapor chamber type LED 2% %59 A3 #FX
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D

3} Fig. 24°] JeFHA T Fig. 268 VCTHP Wi =0 2% H o]y

Aol A4S FEo)m-FL FE&AT} TUS 66 mmo]il, Fo|=
5 mm& £7] A A 884 ccolth. wiolH WU &7 HA =

AE A R-134a9F R-141b9] #Ee2% ZA3 4o thak 3882
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Fig. 26 Schematic of vapor chamber container
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Fig. 27 Schematic of VCTHP
(Horizontal fin type)
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Table 7 Specification of VCTHP

(Horizontal fin type)

Vapor chamber type design specification

Type Vapor chamber
Copper tube (0.D.) 4.8 mm
Copper tube (I.D.) 3.3 mm
Height 46 mm
Condensation - - -
Fin materials Aluminum
part
Fin type Horizontal
Fin tube 4 EA
Heat transfer area of fin 0.062 m?®
Material Copper
Vapor Diameter D65
chamber Height 5 mm
Heat transfer surface Plain / Sintering
Total volume 8.84 cc

Ast7] Sk ASHE2 FAYY d8EHEFe d8 A7 (Protronix co.)

- 1o
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Fig. 28 Schematic “diagram.of experimental apparatus for 6.5 W cool
white LED illumination-using VCTHP
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Fig. 29+ AAl 2@FA =9 Aldolw VCTHPE ©|&3% 65 W

Fig. 29 Photograph of horizontal fin type LED illumination experimental device
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3.4 £33 Vapor chamber type LED 23 %5 ¢ A3 4

2 AFo A= VCTHP WHd #sFAE 387 938 Fig. 309
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[e=]
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t(HPG-10, Taiatsw=® #&FAE SXaAtt. =8 W

W2 i WS 22 '3 bo]d o] Fx13ke] 7]E w0
HAWH e} vt Aez7s YEUYSAT Test 1941+ | 2s Al
R-134aE F%lstel VCTHPY FHASHAEFs 27| 8 Wl SHHS
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Fig. 30 Picture of high vacuum device
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Fig. 31 Attachment position of thermocouples
(Horizontal fin type)

Table 8 Test conditions of horizental fin VCTHP

Test 1 2 3
Working fluids R-134a R-141b R-141b
Charging ratio(%) 25, 35, 45 | 25, 35, 45| 25, 35, 45
Heat transfer surface Plain Sintering
Input power(W) 6.5
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Fig. 32 Photograph of vertical fin type LED illumination experimental

device
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Fig. 33 Photograph of transformed vertical fin type LED illumination

experimental device
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Table 9 Specification of VCTHP

(Vertical & Transformed vertical fin type)

Vapor chamber type design specification

) . Transformed
Fin type Vertical )
vertical
Height 28 mm
Heat Fin materials Copper
dissipation
part Fin pitch 1 mm
Heat transfer g
: 0.062 m
area of fin
Material Copper
Vapor )
Height 6 mm
chamber
Heat transfer . .
Sintering
surface type
WidthXLengthXHeight 59X44X34 mm | 59X65X34 mm

Total volume

10.5 cc

14.2 cc

_56_
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Fig. 34 Attachment position of thermocouples
(Vertical fin & Transformed vertical fin type)
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Table 10 Test conditions of vertical fin VCTHP

Test 1 2
) - Transformed
Fin type Vertical ]
vertical
Working fluid R-141b
Charging ratio(%) 35 T 35445, 55
Heat transfer surface Sintering
Input power(W) >
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3.7 Vapor chamber type heat piped €% =43
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Fig. 35 A series circuit of horizontal fin VCTHP system thermal resistance

_61_



T <

R.:h_fé Fin

Ten

Ro-ch Vapor chamber
TFJ

LED PCB board
Rc-p Rc-p Rc-p - e e e e -Rc_p iRc-p Rc-p

LED chip

| Heat Flow

T. T Te T.. T T

Fig. 36 A series circuit of vertical fin VCTHP system thermal resistance

_62_



43 2 3

A 4%

4.1 65W F9WA [ED 259 - ¥

Fig. 37&

AJr
il

o}
Iz

\.—_mﬂo

3
=

o}

el
Ave} o] LED chip2%7F 136.6CE &

o]t} Table 112 Z} X

UERH T1Ef
tel vERbd

S

Re]
o=

3

A

!
<

B

g

Aoz Hol LED

A==

70
™

!

o)
ol

<) SN

HA do

Al
)

;OL

i

+
o}
amo
0

—
fite)

o .1} = LED. chip

/2)1—

B

o

_63_



160

140 -

- e

60 -

Temperature('C)
3

40 -

20 -

0 T

= /r/_.”———.’—"_‘

Time(s)

0 200 400 600 800 1000 1200 1400 1600 1800 2000

—8— LED chip —4— Surface
—— PCB board —&— Ambient

Fig. 37 Profile of conventional illumination temperature

Table 11 Temperature of conventional illumination

Type [llumination
LED chip 136.6
Temperature(C) PCB board 81.5
[llumination surface 70.6
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4.2 9™ Vapor chamber type LED ZH %9 28 ¥
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Table 12 Temperature & thermal resistance (Horizontal fin type, R-134a, Plain)

Charging ratio 25% 35% 45%

LED chip 104.6 101.1 112.9

PCB board 62.1 60.8 61.9

Vapor chamber 34.4 35.4 33.7

Temperature(C)| Bottom tube 34.1 35.1 33.3
Top tube 32.8 32.5 32.2

Fin 31.2 31.9 31.0

Ambient 23.1 22.5 23.4

Riota1('C/W) 19.57 12.28 13.71

_66_



120

100 -

Temperature( C)
o
o

0 200 400 600

Time(s)

800 1000 1200 1400 1600 1800 2000

.
O
>
——

-0

LED(25%)
LED(35%)
LED(45%)
PCB(25%)
PCB(35%)

—@— PCB(45%)

—4— Chamber(25%)
—»— Chamber{35%])
—{— Chamber(45%)

—h— Ambient

Fig. 39. Temperature of components with the charging ratio

(Horizontal fin type, R-141b,”Plain)

Table 13 Temperature & thermal resistance (Horizontal fin type, R-141b, Plain)

Charging ratio 25% 35% 45%

LED chip 106.3 100.0 103.0

PCB board 55.4 50.5 48.4

Vapor chamber 42.0 41.1 41.4

Temperature('C)| Bottom tube 40.5 35.3 38.8
Top tube 39.5 33.9 38.7

Fin 37.1 33.7 35.9

Ambient 24.4 23.1 24.2

Riota1('C/W) 12.59 11.81 12.11
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Fig. 40. Temperature of components with the charging ratio

(Horizontal fin type, R-141b; Sintering)

Table 14 Temperature & thermal resistance (Horizontal fin type, R-141b, Sintering)

Charging ratio 25% 35% 45%

LED chip 99.4 91.0 107.3

PCB board 60.1 62.4 57.2

Vapor chamber 43.8 449 45.0

Temperature('C)| Bottom tube 41.2 40.2 43.4
Top tube 40.0 38.9 41.6

Fin 39.9 38.0 35.4

Ambient 20.0 20.5 21.2

Riotal(C/W) 12.21 10.84 13.21
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Fig. 41 Temperature of-components*with the charging ratio
(Vertical fin type, R-141b, Sintering)

Table 15 Temperature & thermal resistance (Vertical fin type, R-141b, Sintering)

Charging ratio 35% 45% 55%

LED chip 87.4 81.4 88.0

PCB board 51.6 50.5 48.6

Temperature(C) | Vapor chamber 46.5 45.6 43.7
Fin 45.7 44 .8 42.8

Ambient 22.9 22.1 22.3

Riotal( T/W) 9.90 9.11 10.09
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Fig. 42 Temperature of components with the charging ratio
(Transfermed vertical fin.type;”R=-141b, Sintering)

Table 16 Temperature & thermal resistance

(Transformed vertical fin type, R-141b, Sintering)

Charging ratio 35% 45% 55%

LED chip 87.4 77.3 90.3

PCB board 50.3 47.0 45.5

Temperature(C)| Vapor chamber 41.1 39.7 38.8
Fin 40.1 39.0 37.9

Ambient 22.8 23.1 22.3

Riota1( 'C/W) 9.92 8.32 10.45
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