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ABSTRACT

Velocity distribution among microchannel plays an important role in the performances of microchannel
reactors. The optimization of structural parameters by enabling narrow uniform velocity distribution
among microchannels is regarded as one of the effective design methods. On the basis of the previously
developed model, the effects of structural parameters on the velocity distribution are studied and the
relationship between frictional resistances and pressure drop are investigated in this work. It is found that
the variation of pressure drop distribution among microchannels due to the variation of frictional resis-
tances is the underlying reason for the variation of velocity distribution among microchannels. Compared
with the manifold structural parameters, the microchannel structural parameters show more influence
on the velocity distribution. High-aspect-ratio microchannels are in favor of obtaining relatively uni-
form velocity distribution. By the combination of the calculation of frictional resistances with descriptive
geometry, it can predict the trend of velocity distribution among microchannels with the variation of

structural parameters without applying complicated theoretical model or numerical simulation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Microchannel reactors have several advantages compared with
traditional reactors, such as high heat and mass transfer efficiency,
light weight and compactness, and hence have the widespread
application prospect in portable power devices. Laminated-sheet
structure is one of the fundamental constructions for microchan-
nel reactors, in which multiple microchannel sheets with manifold
structures are stacked together to form a reaction unit [1-3], as
shown in Fig. 1. Microchannel structure plays an important role
on the performances of laminated-sheet microchannel reactors.
Since relatively uniform velocity distribution among microchan-
nels offers clear advantages such as uniform residence time
distribution among microchannels, high conversion rate and selec-
tivity of process, the optimization of microchannel structural
parameters by obtaining relatively uniform velocity distribution
among microchannels is regarded as one of the effective design
methods.

A majority of researches [4-6] had been focused on the opti-
mization of microchannel structure by analyzing the fluid velocity
distribution among microchannels assisted by theoretical model-
ing or numerical simulation. Commenge et al. [4] developed an
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approximate pressure drop model to optimize the velocity and res-
idence time distribution among microchannels. The linear relation
of pressure drop and velocity between microchannels was estab-
lished, and then a rapid calculation method of fluid velocities in
the microchannels was proposed. The calculation results were val-
idated against finite-volume simulations. Amador et al. [5] applied
an electrical resistance network model to analyze the flow dis-
tribution among microchannels with consecutive and bifurcation
manifold structures. Two methods were proposed to achieve uni-
form flow distribution in the consecutive structure, one was by
minimizing pressure drop in the distributing/collecting channels
and the other was by equalizing pressure drop in the reaction chan-
nels. Tonomura et al. [6] investigated the flow uniformity among
branched microchannels with rectangular manifolds by CFD simu-
lation and proposed an automatic shape optimization method for
the design of plate-fin microdevices. Delsman et al. [ 7] studied nine
different plate geometries at flow rates between 0.1 and 100 ms~!
by a three-dimensional CFD model to optimize the flow distribu-
tion. Simulation results showed that the inertia effects started to
affect the flow distribution when the velocity surpassed a certain
value.

In our previous work [8], we proposed a theoretical model to
study the characteristics of velocity distribution among microchan-
nels with triangle manifolds. A simplified method was developed
by dividing the manifolds into multiple approximate rectangular
channels based on the pressure distribution simulated by Fluent™,
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Nomenclature

Dy hydraulic nominal diameter (m)

E channel depth (m)

Hi, side length of inlet manifold (m)

i,j integer variable

Kg the ratio of change amplitude of Ry to R (m)

L channel length/segment length (m)

Lin length of approximate rectangular channel (m)
Lm bottom length of manifold (m)

max maximum value

min minimum value

N microchannel number

AP pressure drop (Pa)

APg(j) frictional pressure drop in the jth microchannel (Pa)

frictional pressure drop in the jth approximate rect-
angular channel of the inlet manifold (Pa)

APg(j) frictional pressure drop in the jth approximate rect-
angular channel of the outlet manifold (Pa)

APy overall pressure drop (Pa)

Ry frictional resistance (Pasm=3)

Re(j) frictional resistance in the jth microchannel
(Pasm™3)

Rs(j) frictional resistance in the jth approximate rectan-

gular channel of the inlet manifold (Pasm=3)
average value of frictional resistances in the approx-
imate rectangular channels of the inlet manifold
(Pasm™3)

Rp () frictional resistance in the jth approximate rectan-
gular channel of the outlet manifold (Pasm~3)

Ry radius of the inlet (m)

U fluid velocity (ms—1)

Uc(j) the velocity value in each microchannel (ms—1)

Un average velocity of microchannels (ms—!)

Ur entrance velocity of the simplified resistance net-
work model (ms—1)

w channel width (m)

Xpi horizontal coordinate of the inlet center related to

point C; (m)
Ypi vertical coordinate of the inlet center related to
point C; (m)

Subscripts
c microchannel
in, i inlet manifold

out, 0 outlet manifold

Greek letters

ANC non-circular coefficient

% viscosity (Pas)

Ay% estimated parameters of pressure distribution
among microchannels

v(j) the ratio of pressure drop caused by frictional loss
in any microchannel j to the overall pressure drop

Ym average value of y(j) of all the microchannels

ou% estimated parameters of velocity distribution

And the relationship between the velocities and pressure drops in
microchannels and approximate rectangular channels were estab-
lished by an equivalent simplified resistance network model. Then
the effects of singular losses on the velocity distributions were ana-
lyzed. On the basis of the previously developed model, the effects
of structural parameters of microchannel and manifold on the
velocity distribution are firstly studied in this work, and the rela-

tionship between the pressure drop and velocity distribution are
analyzed. Then the underlying reason for the variation of velocity
distribution is investigated by analyzing the variation of frictional
resistances of microchannels or approximate rectangular channels.
By combining the calculation of frictional resistances with descrip-
tive geometry, it could predict the trend of velocity distribution
among microchannels with the variation of structural parameters.
When the structural parameters of microchannel or manifold are
changed, the method can be used to predict the trend of velocity
distribution among microchannels without applying complicated
theoretical model or numerical simulation.

2. Microchannel array model
2.1. Division of manifolds

In the laminated-sheet structure, each sheet consists of an inlet
and corresponding manifold, an outlet and corresponding manifold
as well as parallel microchannels with rectangular or semicircular
cross-sections in general, as shown in Fig. 2(a). The direction of fluid
is perpendicular to the inlet and outlet. In the previous research [8],
the flow zone of fluid was extracted from the microchannel sheet as
aresearchobject,as showninFig. 2(b). And then the manifolds were
divided into two parts by the segment C;F; which was perpendic-
ular to the bisector SP; of ZGSCy, one was the polygon T;T,C;F;
as transition chamber, the other was the polygon C;Cy+1GF; as
connected chamber. The former showed little effects on the veloc-
ity distribution and the latter was further divided into multiple
approximate rectangular channels G;C;, 1Fj+1F; (i=1, 2, ..., N) with
same length L;,, as shown in Fig. 2(c). The segment G;F;(i=1, 2, ...,
N) as the inlet of each approximate rectangular channel was per-
pendicular to SP;. The length L;, of each approximate rectangular
channel could be calculated as follows:

_ Lm sin ZFiCiCN+]

Ln="—N """ (1)

where L, represented the bottom length C; Cy +10f manifold.

2.2. Relation model between pressure drop and frictional
resistance

According to Hagen-Poiseuille equation, for a laminar flow in
rectangular channels, the pressure drop AP due to frictional losses
is defined as:

AP = 32 pL Anc U=RU (2)
DZ
H
where, Dy and Ayc are the hydraulic nominal diameter and non-
circular coefficient [4,5], respectively. Ry is referred to frictional
resistance and can be obtained as follows [8]:
Re — 12 pl

f = 2 2 (3)
min*(W, E)(1 - 0.351 min ((E/W), (W/E)))

Here, W and E represent the channel width and depth, respec-
tively.

Eq. (2) indicates the pressure drop and velocity are linearly
dependent without considering the singular losses. After the def-
inition of frictional resistance, the microchannel array model can
be simplified to a relation model between pressure drop and fric-
tional resistance, as shown in Fig. 3. In this model, the frictional
resistances in the microchannels, the approximate rectangular
channels of the inlet and outlet manifold are represented as elec-
trical resistances Rg(j), Rs(j) and R (j)( =1, 2, .. ., N), respectively.
The pressure drops caused by singular losses are much smaller than
that caused by frictional losses under low Reynolds numbers and
in hence they are neglected here.
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(a)Microchannel reactor

(b)Laminated sheet

(c¢)Microchannel structure

Fig. 1. Laminated-sheet structure.
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microchannel sheet as a research object
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Fig. 2. Microchannel array and the division method of manifolds.

Eq. (3) shows that the frictional resistance Ry of each channel is
invariant when all the structural parameters of microchannels or
approximate rectangular channels are given. Therefore, the vari-
ation of velocity value in a single microchannel is resulted from
the variation of the pressure drop, as indicated in Eq. (2). The dif-
ferences of pressure drop distribution among microchannels could
be the possible reasons resulted in the variation of velocity distri-
bution among microchannels. The objective of the present work is
to study the effects of structural parameters on the velocity dis-

tribution among microchannels based on a special case illustrated
in Table 1, and further analyze the relationships between the pres-
sure drop and velocity distribution. Then the variations of frictional
resistances are analyzed on the basis of Eq. (3) and descriptive
geometry to analyze the reason for the variation of pressure drop
and velocity distribution if any structural parameter was changed.

Here the rectangular microchannel array model with triangle
manifolds [8] is adopted and the inlet manifold and outlet manifold
are centrosymmetric. The structural parameters of outlet manifold

APA1)  AP4(2) APx() APHN)
vy Rl Ri(2) R B Ri(N)
R(N-1) Ri(N)
APRN-D| APp(N)
Outlet
1
. SR NN iy s S g >
Re(1) Re(j-1) Re(N-1) Ri(N)
AFal) APR) APUN-1) AN

Fig. 3. Relation model between pressure drop and frictional resistance.
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Table 1
Structural parameters of microchannel array model.
Microchannel number N 20
Microchannel structural Microchannel length L. 20 mm
parameters
Microchannel width W, 500 pm
Microchannel depth E 500 pm
Side length GCy+10f 2mm
manifold Hj,
Inlet manifold structural Bottom length C1Cy+; of 20mm
parameters manifold Ly,

The coordinate of inlet
center P; related to point
G (Xpiv Ypi)

Inlet radius Rp; 2mm

(=2 mm, 7mm)

can be easily obtained from that of the inlet manifold shown in
Table 1. The liquid water at normal temperature and pressure is
selected as the fluid and the entrance velocity is preset to 1 mms=1.
Although the study is based on a single case, the results can be
used to improve the design process of structural parameters of a
microchannel sheet in general.

2.3. Estimated parameters

In this work, the velocity and pressure drop distribution are
quantitatively estimated by the parameters of oy% and Ay%,
respectively. They are defined as below and calculated by the
previously established model of velocity distribution among
microchannels with triangle manifolds. The principle of calculation
can be referred to Ref. [8].

2
N
o __ 1 Uc(l) s
ou% =100 NZ<Um - ) (i=1,2,..., N) (4)
i=1

where, U¢(i) represents the velocity value in each microchannel,
Up, is the average value of all microchannel velocities, as defined
below:

N

Un = %Zuc(i) (i=1,2,..., N) (5)
i=1

Ay% =100 max[ym]y_ minlyG)l ;i _q, 2. N) (6)

where y(j) represents the ratio of pressure drop caused by frictional
loss in any microchannel j to the overall pressure drop, as defined
below. Max [y(j)] and min [y(j)] are the maximum and minimum
value of y(j), respectively.

_ AP()

yi) = AP; G=1,2,...,N) (7)

¥m is the average value of y(j) of all the microchannels, as defined
below:

Y= v G=1,2,..., N) (8)

The overall pressure drop can be calculated as below by the route
from the inlet to outlet via any microchannel j, as the dotted line
depicted in Fig. 3.

J N
APr =Y AP+ APR() + Y APR(D) (=1,2,...
i=1 i=j

orN) (9)

j
Here ZAPﬁ(i) is the sum of pressure drops caused by frictional
i=1
losses from the 1st to jth approximate rectangular channels of the
N
inlet manifold. And ZAPfO(i) is the sum of pressure drops caused
i=j
by frictional losses from the jth to Nth approximate rectangular
channels of the outlet manifold.
Obviously, smaller oy% and Ay% suggest more uniform dis-
tribution of velocities and pressure drops among microchannels,
respectively.

3. Results and discussion

3.1. Effects of independent variation of microchannel structural
parameters

Table 2 presents the influences of independent variation of
microchannel structural parameters on the velocity and pressure
drop distribution. It could be found that the value of y, was
increased with increasing L. and E, but decreased with increasing
W¢. On the other hand, the values of Ay% and oy% had the same
trend with the variation of microchannel structural parameters.
They were both decreased with increasing L. and E, but increased
with increasing W,, which indicated that the velocity and pres-
sure drop distribution became more uniform with larger L, E or
smaller W.. However, how the microchannel structural parameters
affected the variation of y;, Ay% and oy% was unknown yet, and
their relationship was investigated by the analysis of the variation
of frictional resistances as follows.

3.1.1. The variation of L.

According to Eq. (3), the value of R, increased with the increas-
ing L. when W, and E remained unchanged. The increase of Ry
could result in the increase of y(j) and corresponding increase of
ym based on Eqgs. (2), (7) and (8). As a result, the differences Ay% of
pressure drop among microchannels decreased due to the increase
of average pressure drops in microchannels. According to Eq. (2),
the pressure drops due to frictional losses were the intrinsic rea-
son for the variation of velocity, and hence the value of oy% could
decrease with the decreasing Ay%. Therefore the velocity distribu-
tion among microchannels became more uniform with increasing
L.

3.1.2. The variation of W,

According to Eq. (3), the variation of Rg. with the variation of W,
was considered in two aspects as follows, when W, <E and W, > E.

(1) When W, <E

The following equation could be obtained from Eq. (3) when
W¢<E.

12 plc
RfC = )
W2(1 - 0.351(W,/E))

(10)

Then the denominator of Eq. (10) was defined as a function of
W, and its derivative could be obtained from Eq. (12):

FWe) = W2 (1 _0.351%)2 (11)
FIWe) = 2We (1 —0.351%) (1 —0.702%> (12)

Let f (W¢) equal to 0, four monotone intervals of the curve of
filWe) could be worked out, that was, [0, (E/0.702)] and [(E/0.351),
+00) as the monotone increasing intervals while (—oo,0] and
[(E/0.702), (E/0.351)] as the monotone decreasing intervals. Since
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Table 2

Effects of microchannel structural parameters on the values of y,, Ay% and oy%.
Lc (mm) 10 20
VYm 0.564 0.721
AY% 12.935 6.710
ou% 4.043 2.097
We(pm) 100 200
VYm 0.991 0.954
Ay% 0.544 1.267
ou% 0.169 0.359
E(pm) 100 200
Ym 0.576 0.609
AY% 12.839 11.182
ou% 4.119 3.563

30 40 50
0.795 0.838 0.866
4.531 3.421 2.747
1.416 1.068 0.858

300 400 500
0.886 0.803 0.721
2.621 4.525 6.710
0.742 1.354 2.097

300 400 500
0.645 0.682 0.721
9.602 8.108 6.710
3.039 2.550 2.097

W, belonged to the range of [0, (E/0.702)] when W, <E, the value
of {W¢) increased with the increasing W¢. As a result, R decreased
with the increasing W, according to Eq. (10).

(2) When W,:>E

When W, >E, Eq. (3) could be changed to Eq. (13) as follows:

12 ple

Rp = 13
7 B2(1 - 0.351(E/Wo))? (13)

Obviously, R decreased with the increasing W.

From the above analyses, Ry decreased with the increasing We,
regardless of whether it was on the condition of W, <E or W, >E.
The decrease of Ry indicated that the pressure drop in microchan-
nels lost the dominant position in the overall pressure drop. And
hence y, decreased and Ay% increased, which led to the increase
of oy% from 0.169 to 2.097 when W, increased from 100 to 500 pm.

3.1.3. The variation of E

It could be inferred that Ry decreased with increasing E due to
the symmetry of W, and E in the Eq. (3). However, the variations of
¥m, Ay% and oy% with the variation of E were opposite to those
with the variation of W.. As shown in Table 2, y increased as
well as Ay% and oy% decreased with the increasing E. Unlike the
variation of W, the increase of E also resulted to a corresponding
increase of the depth of inlet and outlet manifold. And the frictional
resistances of approximate rectangular channels of manifolds also
decreased with the increasing E. The possible reason responsible
for the increase of yp; lay in that the reduced pressure drop due to
the decrease of frictional resistances in the manifolds was smaller
than that in the microchannels. As a result, the ratio of pressure
drop in microchannels to the overall pressure drop increased and
led to a corresponding decrease of Ay%. Therefore, the velocity dis-
tribution among microchannels became more uniform with larger
E in this case.

However, more uniform velocity distribution could not be
always achieved with larger E. It depended on the variation ampli-
tude of pressure drops due to the changes of frictional resistances
in microchannels and approximate rectangular channels of man-
ifolds. Here a special case was illustrated in Table 3 to indicate
that the value of oy% firstly decreased from 1.557 to 0.086 and
then increased from 0.086 to 3.221 when E increased from 100 to
1000 pm. That was, the velocity distribution firstly became more
uniform and then became non-uniform with the increase of E.

3.2. Effects of synchronous variation of microchannel width and
depth

It was unrealistic to unlimitedly increase the microchannel
length for obtaining relatively uniform velocity distribution due
to the limited space in a given sheet. Therefore, by changing the
microchannel width and depth was the most feasible method for
enabling narrow velocity distribution. As described before, it indi-

cated that the velocity distribution became more uniform with
smaller W, or larger E. However, synchronous variation of W, and E
should be considered in the realistic design process. The variations
of R due to the synchronous changes of W, and E could be worked
out by Eq. (3), as shown in Fig. 4. When W, and E varied from 100
to 500 wm, Re could reach the minimum value when they were
both equal to 500 pm, whereas the maximum value of Ry could be
obtained when they were both equal to 100 wm.

However, it was difficult to determine the trend of pressure drop
distribution only from the variation of Ry, since the values of R5(j)
and Rp,(j) in the inlet and outlet manifold were also changed with
E. Therefore, the amplitude of variation in R, should be compared
with that in Rg(j) and Rg,(j). The variation of E could result in the
same trends of frictional resistances of the inlet and outlet mani-
folds due to their centrosymmetry with each other. Here take the
inlet manifold as example, and use the average value Rg (m) of R5(j)
torepresent the variations of frictional resistances of inlet manifold.
And an estimating parameter Kz was defined as below to compare
the variation amplitude of Ry with Rg (m).

N
R(m) = 3 Ry(i) (14)
j=1
Ry
Kg = R (15)

Fig. 4. Variations of Ry due to the synchronous changes of W and E.
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Table 3
A special case for the variations of oy% with E.
Microchannel structural parameters N=5,L.=5mm, W,=500 um
Inlet manifold structural parameters Ly =5mm, Hi; =0.2 mm, Xp; =—1mm, Yj; =2 mm, R,; =0.5 mm
E(pm) 100 300 500 800 1000
Vm 0.124 0.138 0.154 2.635 3.221
Ay% 14.396 0.758 11.316 24.246 29.757
ou% 1.557 0.086 1.226 2.635 3.221
Table 4
Variations of several estimate parameters with the synchronous changes of W, and E.
We(pm) 300 250 200 150 150
E(pm) 300 350 400 450 500
Ry 6.350 6.860 8.853 13.722 27.844
Rs(m) 0.110 0.082 0.063 0.050 0.041
Kg 57.591 84.035 140.545 273.573 680.001
Vm 0.814 0.882 0.937 0.973 0.977
Ay% 4.475 2.849 1.659 0.933 0.833
ou% 1.310 0.801 0.464 0.279 0.251

Fig. 5. Variations of Kz with the synchronous changes of W, and E.

Fig. 5 presents how the synchronous variations of W, and E
affected the value of K. It indicated that K increased with the
decreasing W, and increasing E. The maximum value of Kz could
be obtained when W, and E were equal to 100 and 500 vm, respec-

tively. The proportion of pressure drop in microchannels to the
overall pressure drop increased with the increasing Kg, and hence
led to a relatively uniform velocity distribution.

Table 4 provided special data to illustrate the variations of sev-
eral estimated parameters with the synchronous changes of W, and
E. It indicated that Ky increased with smaller W, and larger E due
to the increase of Ry and decrease of R; (m). The ratio of pressure
drop in the microchannels to the overall pressure drop increased
and led to the increase of y,. The value of oy% decreased as a result
of the decrease of Ay%. Therefore, high-aspect-ratio (smaller W,
and larger E) microchannels were in favor of obtaining relatively
uniform velocity distribution.

3.3. Effects of manifold structural parameters

Table 5 shows how the manifold structural parameters affected
the values of yn,, Ay% and oy%. The values of y, were larger
than 0.64 for all the structural parameters considered here, which
indicated that the pressure drops in microchannels were in the
dominant position of the overall pressure drop. By comparing
Table 5 with Table 2, it could be found that the amplitude of Ay%
varied much larger with the variation of microchannel structural
parameters than that with the variation of manifold structural
parameters. It indicated that the microchannel structural param-

Table 5
Effects of manifold structural parameters on the values of yr,, Ay% and oy%.

Xpi/Xpo (Mmm) —4 -2 -1 0 2

Ym 0.686 0.721 0.743 0.768 0.824
Ay% 8.064 6.710 5.961 5.186 3.686
ou% 2.559 2.097 1.844 1.586 1.092
Ypi/Ypo (mm) 5 6 7 8 10

Ym 0.651 0.690 0.721 0.747 0.787
Ay% 10.147 8.136 6.710 5.658 4.236
oy% 3.291 2.590 2.097 1.738 1.261
Ly (mm) 14 16 20 22 30

Ym 0.778 0.758 0.721 0.704 0.642
Ay% 5.018 5.590 6.710 7.261 9.416
[ 1.571 1.747 2.097 2.270 2.955
Rypi/Rpo (mm) 0.5 1 2 25

Ym 0.722 0.723 0.721 0.719 0.716
Ay% 7.190 6.953 6.710 6.712 6.804
ouy% 2.328 2.236 2.097 2.050 2.023
Hin/Hout (mm) 1 2 3 4 5

Ym 0.705 0.721 0.734 0.745 0.755
Ay% 4.275 6.710 7.850 8.447 8.764
ou% 1.318 2.097 2.460 2.646 2.740
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(c)Increase of L,

(d)Increase of R,

(e)Increase of H,,

Fig. 6. Effects of manifold structural parameters on the shape of approximate rectangular channels.

eters showed more influence on the velocity distribution than that
of manifold structural parameters. In other words, the velocity dis-
tribution was firstly determined by the microchannel structural
parameters.

Here take inlet manifold as example, the changes of frictional
resistances of approximate rectangular channels of manifolds
were investigated to analyze the effects of manifold structural
parameters on the pressure drop and velocity distribution among
microchannels. Since the width Wj,(j) of each approximate rect-
angular channel was always larger than its depth E, the frictional
resistance of each approximate rectangular channel could be
obtained by substituting Eq. (1) into Eq. (3), as defined below:

12 L sin ZF,G;C )
R) = b —" ST (=1,2,....N) (16)
NEZ (1 - 0.351(E/W; (1))

0.76
******* .
075F il\
- 1
L! — W — My =Hoy=lmm 1 o
o7 1R —e 7H:'u Hm!r 2mm !
F ' \ I
Sorsft!, e i /‘
[, | Y YU) \. Ay% : A A- -
/
Dhr \ \o ! /
F AN
071} 4\\. e
oo o—%____Y
\;/ ¥() e
0.70F ~,
ey g o a_______ M
1 I 1 | | PR | L 1 1 L

0 2 4 6 8 10 12 14 16 18 20
Microchannel number

Fig.7. Variation amplitude of y(j) and Ay% when Hin/Hout changed from 1 to 2 mm.

It could be found that the frictional resistance of each approxi-
mate rectangular channel was determined by ZF;G;Cy+1, Wi (j) and
Ln when the manifold structural parameters changed. By combin-
ing with descriptive geometry, the effects of manifold structural
parameters on the shape of approximate rectangular channels were
investigated, as shown in Fig. 6.

As shown in Fig. 6(a) and (b), ZF;C;Cy+1 decreased and Wy,(j)
increased with the increasing X;,; and Y,;, which led to the decrease
of Rs(j) according to Eq. (16). As a result, the pressure drops in inlet
manifolds decreased and led to the increase of yn. As shown in
Table 5, yn increased with the increasing X,i/Xpo (means X; or
Xpo) Or Yp;[Ypo (Means Yy, or Yp,). Ay% decreased as a result of the
increase of the proportion of pressure drops in microchannels, and
hence the value of oy% became smaller with larger X;,;/Xpo 01 Yp;/Ypo.

On the other hand, both ZF;CiCy+1 and Wj,(j) increased with
the increasing Ly, Rp; or Hj,, as shown in Fig. 6(c-e). However, it
could not be determined the trend of Rs(j) simply by Eq. (16). Here
the value of R (m) was used to analyze the trend of R;(j). Table 6
presents the trend of R (m) changed with Ly, Ry; or Hy, for this
case. It indicated that R (m) increased with the increasing L. As a
result, the pressure drops in inlet and outlet manifold due to fric-
tional losses increased and the value of y, decreased, leading to the
corresponding increase of Ay% and oy%, as indicated in Table 5.

Table 6 indicated that the changes of R,i/Rp, (means R, or
Rpo) and Hj,/Hour (means Hy, or Hoyu) showed little effects on the
values of Rs (m). As a result, the values of yy, varied in a small
range with the variation of R,;i/Rpo and Hj,/Hoyt. As for the vari-
ation of Rp;/Rpo, the values of Ay% also varied as a result of the
fluctuation of ym. But oy% decreased with the increasing Rp;/Rpo.
The total flow increased due to the invariance of entrance veloc-
ity in this work. And the velocity value in each microchannel
with smaller equivalent diameter increased more than that in the
approximate rectangular channels. As a result, the pressure drops
in microchannels increased and led to a relatively uniform velocity
distribution.

Table 6

Variations of Rfi (m) with the changes of Ly, Rp; or Hi,.
Ly (mm) 14 16
Rs (m) 0.028 0.032
Ryi (mm) 0.5 1
Rs (m) 0.039 0.039
Hip, (mm) 1 2

R (m) 0.041 0.041

20 22 30
0.041 0.045 0.063
2 2.5 3
0.0410 0.041 0.042
3 4 3
0.041 0.041 0.042
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On the other hand, the values of Ay% and oy% increased with
the increasing Hj,/Hoyc. It indicated that the increase of y, did not
necessarily result in the decrease of Ay%. The possible reason was
the variation amplitude of y(j) was smaller than that of Ay%. Fig. 7
shows the comparison of variation amplitude of y(j) and A y% when
Hin[Hour changed from 1 to 2 mm.

4. Conclusions

Based on the previously developed model, the velocity distri-
bution in the microchannel array with centrosymmetric triangle
manifolds was analyzed in this work. And the effects of structural
parameters on the velocity distribution were studied and the rela-
tionship between frictional resistances and pressure drop were
investigated. It was found that the velocity distribution among
microchannels became more uniform with larger Lc, E, Xpi/Xpo,
Ypi/Ypo, Rpi/Rpo and smaller Ly, Wc or Hj,/[Hoyr. Compared with
the manifold structural parameters, the microchannel structural
parameters showed more influence on the velocity distribution.
High-aspect-ratio microchannels were in favor of obtaining rela-
tively uniform velocity distribution.

From the analyses of the relationship among the frictional resis-
tances, pressure drop and velocity distribution, it indicated that
the variation of pressure drop distribution among microchannels
due to the variation of frictional resistances was the under-
lying reason for the variation of velocity distribution among
microchannels. By the combination of the calculation of fric-
tional resistances with descriptive geometry, it could predict the
trend of velocity distribution among microchannels with the vari-
ation of structural parameters by analyzing the variation trend
of frictional resistances. The prediction method was useful to

the design for microchannel plates with centrosymmetric triangle
manifolds.
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