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Design of Continuous-flow Micro-PCR System
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ABSTRACT

In this work, a continuous-flow micro-PCR system is systematically designed. From the numerical
simulation based on the finite volume method, adapting oneself to a new environmental temperature without

an external temperature controller is shown to be possible and a cooler as well as a heater is shown to be

necessary to obtain three individual temperature zones for polymerase chain reaction. In addition, appropriate
geometry of a heat sink for the cooler is determined by using a compact modeling method, the porous

medium approach.
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Fig. 1 Continuous-flow micro-PCR system"’
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Fig. 2 Trial micro-PCR system

Table 1 Effect of heat input

Q| Q| Qs | Qo Trcr Temperature

W W[ W W (C) |difference ()

032 10321032 | 096 89.8 0

064 | 032 0 |09 90.1 24

096 | 0 0 | 096 90.3 49
0.768) 0 0 ]0.768] 762 39
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Table 2 Power consumption of micro-PCR systems

Ambient Type 1 Type 2
temperature (C) W) W)

10 1.08 556 +a

20 092 540 +a

0 0.75 523 +a

a: power consumption of blower

(a) Tambien=10 T

{B) Tampen=30 C
Fig. 4 Annealing region of type 1
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Table 3 Constraints on heat sink design

width: 50 mm
Size length: 8 mm
height: 16 mm
Substrate thickness 8mm
Fin pitch 2mm
Material Aluminum
Blower GB0545AFV3-8
{Sunon Inc.)
Thermal resistance 558 TW

A% 744 e X2 YeB2 Type 27t
252X 78 FEdME 9 94dda € £ Qo
@&FY Micro-PCR Al2d9) H%e 2% E¥ 7
d Aol o3 A¢HEE E dFME Type 28
HEAE fPez dAsi.

o H

rie

3.2, YA SIENT M

v 7oA AT Type 27F ABH oz TdEHY)
AT AR 22 DAl 448 WE Rz 45
g e ¥ FAs 9esith weky B gy
Me 95 2u7t M8 & 0TY ALd £Z7)7
ARG R ApsEA 448WY d& Bz uE
=S BEANIE AAsn 98 x5} weldd u
& £3719 Jd 225 294 WG 9% 443
© AFgE AHgtaat g

TUY AYF =79 A4 Pin fin P49 sEANA
7} Straight fin PR} dAE A¥o] $53c:
Adel g4l glema™ B d3dMe Yte o
S|EQAZ Pin fin 349 SEYIE Algsln 3E
B3E AAF 9lo] Table 39 & A} 238 A
439t Pin fin 845 go] Hlmy 2xg 128
7HE BEAA e d4F @ dsiNe 2
44 33D R AL ol & gon 3
ATHY GAAL] o)A S g 334 )
AL BHE AHEE BS nATREY F2IF 239
AFE 4od A £3Fo] dosld B ohg
Reattachment, Vortex Generation® Z+& 233 &4
o2 3 JET dFo] AHoT Eiissinz B
AFeME FoIA FFo e JENIY G}
F R GAY g AN O3 A FaPe AL
At A vl FIYold AMstma e gy

Blower curve: GB0545AFV3-8
—o— System curve (¢,=0.8, 5=0.8)
—v—— System curve (6,50.8, £=0.6)

N
[4,)
)

- - (XY
o L4 o
2 1 X

Pressure drop (Pa)
[+,]

I s {

n

0 7 : - T T Y
0.0000 0.0002 0.0004 0.0006 0.0008 0.0010 0.0012
Air fiow (m%s)

Fig. 6 Operating point of blower

Table 4 Cooling performance of heat sinks

> & Thermal resistance (T/MW)
0.8 06 492
08 0.71 5.58
0.8 0.8 6.27

& (space between fins in width direction)/(fin pitch)
& {space between fins in length direction)/(fin pitch)
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