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TABLE6.2 Resistance to Flow in Fully Devyeloped Flow Through Straight
Microchannels of Various Cross-Sectional Geometries

Cross Section fRe Hoil ttp
.-Dgza 64 2,000
y
: 56.92 2.0962
z 2a
I 2
e 95§ — 355300+ 1.94670° v
B - pisaber
— 1701207 + 0.9564 ¢
l 2a l ~0.2537¢%)
u=hla
. s 96 1.5000
60 —_—
A, 2b/2a
_ 4000 55.66 2.18)
2b 2000 5522 2.162
] 1000 56.60 2.119
2a 0.500 62,77 1.969
0.250 7230 1.766
' - 1000 56.15 2.137
2a

Source: Data from Shah, RK. and London, AL (1978) Advances in Heat
Transfer, Suppl. 1, Academic Press, New York,

6.2 Experimental Studies of Flow Through Microchannels

Despite the fundamental simplicity of laminar flow in straight ducts, experimental studies of microscale
flow have often failed to reveal the expected relationship between the friction factor and Reynolds number.
Further, flow discrepancies are neither consistently higher nor lower than macroscale predictions. A
summary of the experiments that have been conducted to investigate the behavior of fluid flow in micro-
channels, over a large range of Reynolds numbers, geometries and experimental conditions, is presented
in Table 6.3. In reviewing these resuits, they will be grouped according to the results of friction factor
measurements (follow macroscale predictions, higher than predictions, and lower than predictions).
The first experimental investigations of flow through microchannels in the early 1980s were motivated
by the interest in high-performance heat sinking. The large surface-to-volume ratios of microchannels
make them excellent candidates for efficient heat transfer devices, as discussed in the introduction to this
chapter. Tuckerman and Pease (1981) studied flow through an array of microchannels with approximately
rectangular cross sections (height range 50 to 56 um, width range 287 to 320 pm). Although this study
was focused primarily on heat transfer characteristics, they “confirmed that the flow rate obeyed




(1 %mlds umber  Llovo PMJr a _('Pkm

@

\ Gl s
c\mjmmﬁb Lo M SFW/\A’U\Q Pﬂlmr Coordimoate 8
= [ Urlyiel, Qe ¢r.G2, o ]

Seam "@mcl:q\oﬂ (v, 0 )
LAY () e TR S
Wy = Y e 20 Ue Ysime or
e U =0 ﬂU‘éﬂh’laW”y.
O = __VF —{— /U Vla-‘ e (1Y

Lsig Fhe  vector  identrhy
V= Y(9- ) —vx (¥Xxw)

Egh @ TT YewAtten as

B D Ix K el 1
VP /UVXL‘VXL&)

o __.__L___ -
= (oo, — um B




Elinimatmg pressure.,

L]
" e 2 2
[Wl_‘L e %(Tﬂ%@%) [ =o.
BcC. %=%%:0 on  r=a
_L. 5, % ur‘—?U(.OS‘Q
- = Urean®e ad  r—po [u&—msihe
SB{W 3
- = - - B
(p=furn) W) el {2057 24y ) JH>O
(gymmﬁ/m. Pre and ofe of Hhe g,pl«m )
Vet T the eﬁ/r\é Ch* e
Dsng &= = = var dn>e,
FZ Pbo_"_;: *Mf[,).%' WL o
(Hese (omFomo?"s oh the J}?Mke_:
f\Crr"—‘—()—f— lﬂ%ﬁ
{% = prg(Er+ 2%
/t/ygé = i
Chrece COMF‘OMVCQ“ M +the  dredton of Mﬂ}ﬁm —>
T= TG 0O — s InS
= —f 0SS + X /L"d_g_
®

d agr I
Y D= [ [camo dodg = 6T Lo
\Cé@[@@/ /a{,\) ?

IRt - iy~ T NN Lt - St sl o by



Other  extmal  Plows

=« td ul
Qmﬁ @—-447(‘/0( Ua

* faurd | drop”
d=z
/(AI ﬁj%-» - /M,-{—“i?"/bh.
D 4TVA,U0~ ( e

®  Elongeted  rod

T Tl

7S

P . ST
On(A/b) +o (9315




Table 6.2 Drag coefficients in an unbounded solution

POLYMER MECHANICS

Yo
I
o
Ye i —————
|
Y, - CEmmea=a)

In(L/2r) - 0.20

4mnL

In(L/2r) + 0.84

1 3
57[1’“..

Parameter  Direction Cylinder (L>>r) Ellipsoid (b>>a)  Sphere
| b—— [ — k— b
2,; (T
D 2mL 4mmb
Y o . i 6N

In(2b/a) — 0.5

In(L/2r) —0.66

4rmr2L

8mnb :
i (&)
In(2b/a)+0.5 P
%m}bg .
8nnr
In(2b/a) — 0.5 "
%Tmnzb 8‘m]r3

Notz: The parallel, y;, and perpendicular, v , drag coefficients are defined by F = yjvand F =

v,v, where F is the force and v'is the velocity. The rotational drag coefficients are defined by T =
y,00and T =y,0, where T is the torque and w is the angular velocity. The values for cylinders are
from Tiraldo and Garcia de la Torre, 1981, and those for prolate ellipsoids are from Perrin, 1934.

Table 6.3 Drag coefficients (per unit length) for a cylinder near a plane surface

Definitions

Drag coefficient

Force or torque

» 27 __ 2mn o i
oy = cosh™(k/r) ~ In(2h/r) e
oy =28 F=¢, Ly
(_\,:1/(51]76;]) F=p.lp
&= 47'5112 72 T= Caeru)
[1-(r/my*]
c :lc. T:cm(L3+L3)
r a3 r 1 2

Source: From Hunt et al., 1994,
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