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ABSTRACT

The axial heat conduction in parallel flow microchannelt h@echanger with
rectangular ducts was numerically investigated, for laminér, Bicompressible, and
steady state flow of waterThe governing equations, continuity, Navigiokes
eguations (momentum equations), and the energy equations for the hotcafidids
were solved by using SIMPLE algorithm with finite volume method and FORTRAN
code to obtain the temperature distribution for the two fluids and the separating wall
between them.

The results play an important raéthe axial heat conduction dine effectiveness

in parallel flow microchannel heat exchanger and the factors affecting the axial heat

conduction are; Reynolds number Re, thermal conductivity Kgtioaspect ratidJ

and channel volume. Increasing of R&, , Uand channel volume each separately

leads to increase the axial heat conduction and vice versa.
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NOMENCLACHRE

English symbols

c

Ce
Ch
Crin
Cp

Dn
H
Hue

c

Wch
Whe

specific heat . .. .. ......... J/(kgK)

heatcapact of colWKTf | u
heat capacitywkf h
mi ni mum heat. WHpac
specific heat at constant pressure
........................ J/(kgK)

hydraulic diameter . ...... .. m
channelheight............. m.
exchanger height ....... .. ... .m.
thermal conductivity . . . . W/mK
channellength . .............m

mass flowrate .. ........ kg/s
pressure .. ............... Pa

heat transferrate . . .. ...... W. .
temperature . . ............ K.
separating wall thickness . .. .m.

fluid x-component velocity .m/s

fluid y-component velocity . .m/s

fluid zcomponent velocity ... m/s
channelwidth . ............ m..
exchanger width ......... ... . .. m

axial coordinate . .. ... .. ....m.

Greek symbols

B heat exchanger effectiveness

> dynamic viscosity . . ... .. Pas
density..... .........

Dimensionless groups

K- =ks / ks thermal conductivity ratio

Re="unjn Dn/ > Reynads number
r=HCr prandtl number

‘1

Pe=RePr Peclet number
h=H/W aspect ratio
Subscripts

c cold fluid

h hot fluid

f fluid

in inlet

max maximum value

min  minimum value

out outlet

S solid

u unit

w water

Supescripts
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y horizontal coordinate . ... . .. m.

Z vertical coordinate . .. ...... m..

1. INTRODUCTION

The fluid flow in microchannels becomes an attractive area of research during the
last few years. This is due to thew applications of the microchannel flow in micro
pumps, micro turbines, micro heat exchangers and other micro components.
Advantages of compact structuand high heat transfer performance make the
microscale heat exchangers showing a nice foreground on microelectronics, micro
devices fabrication, bioengineering, micro electromechanical system (MEMS), and so
on. Thus, is becoming more popular, both fomenercial purposes and in scientific
research[1]. Microchannel heat exchangers can be broadly classified as fluidic
devices that employ channels of hydraulic diameter smaller than 12imKnudsen
number is a measure of the degree of the rarefactiorhvididefined as the ratio of

mean free path to the characteristic length scale of the sygtet/L. wher e, @& i s t}

mean free path and-, is the characteristic length such as channel equivalent

diameter. The flow regimesould be classified as: continuum regime when
(Kn<0.001), slip flow regime (0.001<Kn<0.1), transient regime (0.1<Kn<10) and free
molecular regime (Kn>10). In order to simulate the no slip flegime,the Knudsen
number is Kn<0.001. In conventional heatcleanger the solid thickness is small
comparatively with the hydraulic diameter; therefore the axial heat conduction may be
neglected. This means that the performance of the heat exchanger is primarily
depending upon the flow in the ducts (fluid properta®l mass flow rate). For
microchannel heat exchanger, the solid thickness is large comparatively with the
hydraulic diameter, therefore the axial heat conduction in the separating wall (solid) is
important and the microchannel heat exchanger effectivenagslecrease due to the
effect of axial heat conductioifhe present study is deal with effect of the axial heat
conduction in microchannel heat exchanger.

To understand the flow through microchannels, many researchers have been
investigaty experim@ally, analytically and numerically in last decade. For example,
Al bakhit et al.[3] numerically investigated the flow and heat transfer in parallel flow
microchannel heat exchangeitey used a hybrid approach, in which tianlinear

momentum equation®r one or two channels were solved using CFD codes. The
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velocity field was an input into a user developed code for solving the energy equation
and they studied heat transfer for thermally developing laminar flow in two parallel
rectangular channels whichpresent some kind of heat exchangers. From the results,
it is found that in the entrance region the developing velocity profiles lead to higher
values of overall heat transfer coefficieAt-Nimr et al.[4] numerically investigated

the hydrodynamics ahthermal behaviors of the laminarDZ fully developed, slip

flow inside an insolated paraliplate microchannel heat exchanger. They showed
that both the velocity slip and the temperature jump at the walls increase with
increasing Knudsen numbe¥in and Bau[5] studied flow between infinite parallel
plates and circular pipes to study the effect of axial heat conduction on the
performance of microchannel heat exchangers. They used a fully developed velocity
field and analytically they solved for tempena fields in the channel and solid wall.
They found that, the axial conduction plays an important role at the entrance region.
Stief et al.[6] numericallyinvestigatedthe effect of solid thermal conductivity in
micro heat exchangers. They showed that teduction of conductivity of the wall
material can improve the heat transfer efficiency of the exchanger due to influence of
axial heat conduction in the separation walko, they concluded that increasing heat
capacity ratio leads to a reduction ifieetiveness for all Knudsen numbeé -bakhit

and Fakher|7] numerically investigated the laminar, parallel flow microchannel heat
exchanger with rectangular ducts for developing and fully developing velocity

profiles with thermally developing flow in bio cases. They showed that the overall

heat transfer coefficient is rapidly changed #¢D, Pe (Graetz number) below 0.03,

and therefore the assumption of constant overall heat transfer coefficient is not valid if
the Graetz number based tire heat exchanger length is of the order of 0.03. Also,
the accurate results can be obtained by solving thermally developing energy equation
using fully developed velocity profiles. Mushtaq |. Has@l made numerical
investigation to study the countdow microchannel heat exchanger with different
channel geometries and working fluids. He studied the effect of axial heat conduction
on the performance of counter flow microchannel heat exchanger with square shaped
channel and he found that the existingwial heat conduction lead to reduce the heat

exchanger effectiveness.



Thi-Qar University Journal for Engineering Sciences, Vo, No.3 2013

ANALYSI

Schematic structure of a parallel flow microchannel heat exchanger with
square channels is shown in figures 1 and 2 illustrated in with of channels details with

rectangulaprofiles.
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Figure 1Schematic model of microchannel heat exchanger under concentration.

To study the entire parallel flow microchannel heat exchanger numerically, it is
complicated and needs huge CPU time. Due to the symmetry between chtmnels
individual heat exchange unit is considered consists of two channels (hot and cold)
with separating wall as shown in figure 2. Heat is transferred from hot fluid to cold
fluid through the thick wall separating between them and this heat exchange unit
represents a complete exchanger and gives an adequate indication about its

performance.

Figure 2 Threalimensional sketch of the parallel flow heat exchanoigér
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However, the governing equations for the present model are based on thenfpllow

physical and geometrical assumptiohis

1 The flow is laminar and steady.

1 The Knudsen number is small enough, so that the fluid is regard as continuous
medium (no slip).

1 The fluids are incompressible, Newtonian, with constant properties; in this case

the water is used as working fluid.

There is no heat transfer to/from the ambient medium.

The energy dissipation is negligible.

The pressure gradient is in axial direction only.

= =_ =2 =4

Three dimensional of the flow and heat transfer.

The governing equatiorend its boundary conditions in Cartesian coordinates and

nondimesionalized using the following variables accordingto

§ — & —,& — & —,0° —AF — .00 — 00 —
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wherei is represented the subscript h or ¢ which refer to the lower and upper (hot and

cold) channels respectivelyhe diffusion equation for solid becomes

z z z

z z z T[

(6)

Thedimensionles®oundary conditions are:

For lower channels (hot fluid)(0 oGDC)
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e = f&
By solving the above governing equations usi@RTRAN codethe temperature
distribution is determined in the hot, cold fluid and solid domains. From these
distributions one can determine the axial heat conduction and exchanger
effectiveness.

Heat exchanger effectiveness is the ratio of actual heat transfer to the maximum
possible heathat can be transferredO]:

(7)

v'Mi Q

n 6 Yi VY
(8)

and

n o Y Y 0 Yy Yj
€)

whered @& @ andd a @

then the effectiveness is

_ h - ﬁv h h (10)

h h h h

For the axial heat conduction in sectbois

q _ 9 -_I__S,I = -_r_s,|+1 8
* % Dx 8
g X

(11)

where, T s; is the average solid temperaturBsisat t he next secti on

distance between the two sections as shown in figure 3.

an
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[ i+1
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fluid flow < A y
> ax \
T., T separating wall (solid)
s, ;

Figure 3 Schematic of separating wall.
2. NUMERICAL SOLUTION

Finite-volume method adopted which is applied to the integral form of the
governing equations ovahe control volume (cell) as shown in figure 4. A cell
containing nodeP has four neighbouring nodes identified as west, east, south and
north nodegW, E, S, N).The notationw, e, s and rare used to refer to the west,
east, south and north cell facesspectively.The methods which depend on this
technique such central differencing scheme, upwind differencing scheme, hybrid
differencing scheme and others. However, the present work is adopted on the hybrid
differencing scheme with staggered grids aresmgnt to solve pressuwvelocity
coupling which associated with present problem and SIMPLE algorithm is used as
listed in[11].

Figure 4 A cells in twadimensional and neighbouring nods taken fia.

SIMPLE algorithm is implicit methodare preferred for steady state and slow
transient flows, because they have less stringent time steps restrictions as compared

the explicit schemes. Many solutions methods for steady incompressible flows use a
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pressure (or pressuo®rrection) equation toodve pressureelocity coupling[12].

Discretizedu-component equation (2) is written in the following formi |
80Uk = 8 Gt * Py - Pl)A

(12)

where, § a;,u;,, IS the summatio of neighboring components farcomponent and

the subscript refer to cold or hot fluid. The values of coefficier#s, ,, and a, in
equation (12) are calculated by using the hybrid method. However, to initiate the

SIMPLE calculation process a pressure fiqﬂ is guessed. Discretised momentum
equation (2) is solved using the guessed pressure field to yield velocity component

u’" as follows[11]

*

* il . * *T 3l *1
QisoYiis A iy T (pi(l-l) - pl(l))A(
(13)

Now we defined the correctiom, " as the difference between the correct pressure

field p, and the guessed pressure fiqdﬂ , SO that

*

p=p P
(14)
Similarly we defined velocity correction’ to relate the correct velocity; to the
guessed velocity solution
u =u +u
(15)
Subtraction of equation (13) from equation (12) give
a:i,J,m(U:(i,J,K) - Ui*(ﬂi,J,m):é- a;b(ui*(nb) - Ui*(ﬂnb))J'l(p:(l-l) - pi*(ﬂl-n)' (pi*m - pi*(ﬂ,))JA:
(16)
Using correction formulae (14) and (15), the equation (16) may be rewritten as

follows

8, Uy = &L Al + Py - Pl JA
(17)
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At this point an approximation is introduce@ a,u;., iS dropped to simplify

equation (17) for velocity correction. Omission of that term is the main approximation
of the SMPLE [11]. We obtain

Ui*(”i,J,K) = d;,J’K)(p:;',_l) - pi*(ﬂl))

(18)

where d , ., = A,/a;, «, - Equation (18) describe the correction to be appliedt to
component through eqtian (15), which gives

UG = ui*(ﬂi,J,K) +d:i,J,K)(p:("l-1) - p:(wl))

(19)

Similar expression exist faui*(iﬂ,J,K) [11]

* *1 * * *"
U1 k) = Uigena k) +d(i+1,J,K)(p|(|) - pi(l+l))
(20)

whered., ;) = A/ k) -

The SIMPLE algorithm gives a method of calculating pressure and velocity. The
method is iterative and when other scalars like present problem are coupled to the
momentum equations, the calcidais needs to be done sequentially.]. The
sequence of operations in a FORTRAN procedure which employs the SIMPLE
algorithm is given in figure 5.

In figure 5, the correct pressure fiegl and correct velocity fieldr , v. and w’

for two channels are obtained separately. There is no coupling between the two
channels for these variables as shown in the steps 1, 2 and 3. The previous steps
represent the solution for psesevelocity coupling problem (pressuo®rrection
method). While, the last step represent the solution for convemtioduction

conjugate heat transfer problem (simultaneously solution for the temperatures), where

* *

b(I,J,K) = (uZiﬂ,.],K) - UZiﬂJrl,J,K))A; +(VZI,j,K) - VZI,j+1,K))A\*/ +(WZ| Jk) T \Nzl ,J k+1) )Az
(21)

thed*ho* & & & represents the control volume face ares inandz directions.
The pressure fieldy, is obtained by solving the pressure correcthﬁ"requation.

It is common practice tdix the absolute pressure at one inlet node and set the



Thi-Qar University Journal for Engineering Sciences, Vo, No.3 2013

pressure correction to zerqni*( =0) at that node. Having specified a reference value,

the absolute pressure field inside the domain can now be obtairjed
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START

Initial guess

> *l *i *C *. *i *.
p :u ,V ,W >T 91-,'\-
A 4
Step 1:Solve discretise d momentum equations
A
for the channels (hot and cold channel)
* ** *
A gl J K) z anbu nb) ( I~ Py )A.\
Set a (1.j.K) (.' JK) Zan.’: Viuby
p-=p a(.’,.],fr)w(.’..],k) = Zanbw[nb]
u’ =u’
. ut v w
vio=v" ’
A\ 4
w’ o= w Step 2:Solve pressure — correction equation
= * #* % _ - w s % s
r =1 Aoy = A 0Pay T auar6)Pu- +b(l,J,K)
T\*' — T(*
P
A A\ 4
Step 3:Correct pressure and u —velocity

Py =Pt Pu

* _ #® +d* ( % _ *")
Uy pxy = Uik itk \Pu-ny — P

pru
A\ 4
Step 4:Solve discretise d energy equation for the hot fluid, solid and
cold fluid
*
ag gl fr(.f J.K) zanh h(nb)
au J.K) \(1 J.K) Zanh s(nb)
a4
di k) Lufls) Zanh c(nb)
1,131,

No

Convergence?

A

[ STOP ]

Figure 5 The SIMPLE algorithm.
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4. RESULTS

In this section, the results about the influences of Reynolds numbéndrmal
conductivity ratioKr, aspect ratidJ and channel volumen the local and average

axial heat conductiongf and q,,.,) and the effectiveness to average axial heat
conduction rati@/d,,..,. in parallel flow rectangular microchannel heat exgearfor
different conditions is studiecstudy the ratie/q,,,,... to indicate the effect of axial

conduction on the exchanger effectiveness, but before that it's necessary to study the

q;ve,ag,and U each separatel y.

In orde to verify the accuracy of present numerical model, a comparison is made
between the results of present model for rectangular microchannel heat exchanger and
that in literature. Figure 6 represents a comparison for dimensionless mean
temperature for hotral cold fluids in rectangular microchannel heat exchanger for

present numerical model and that [of. The dimensionless mean temperature

* T = T i . . . . . .
T, :_I_'—“” is presented in this figure for the hot and cold fluids in rectangular
hin ~

c,in

microchannel heat exchger against the dimensionless axial dista;ace:#
. RePr

at Re=100, Pr=0.7 and%“P»=100. The figure indicates for both results that
ksts

dimensionless mean temperature converge to each other toward fully developed
region, this refeto that the heat is transferred from hot to cold fluid. Also, the figure
shows that there is a good agreement between the present numerical results and the

results of[ 7], the maximum percentage error was +2.01%.
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1 \
0.8 -
0.6 -
[ — Albakhit and [7]
0.4 - Fakheri
Present model e
0.2
0 T T T T T T T T 1
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
X+

Figure 6 Comparison of tritmensionless mean temperature of the hot and cold
fluids.

Figure 7 shows the longitudinal variation of the axial heat conduefjowith
axial distancex for different thermal conductivity raties at t.=50pum, Re=200 and

u=1. For alll t her mal conductigyisthighinr ati os,

entrance region and decrease toward fully developed region due to the effect of

entrance. Also, the figure shows that tieincreases withk , due to that the heat

transferred from hot fluid to cold fluid increase with incre&se

7000 -
6000 -
5000 - ==K, =1
o —o—K, =10
4000 -
£ —A—K, =40
A
E 3000 - —o— K, =100
S’
. » 2000 -
o
1000
0 L ] ACE L] /\F—W“E
0 0.002 0.004 0.006 0.008 0.01
x (m)

Figure 7 Longitudinal variation of the axial heat conduction with axial distafore

different values ok .



Thi-Qar University Journal for Engineering Sciences, Vo, No.3 2013

Figure 8 shows the variation of longitudinal axial heat conduction in the separating

wall g, with axial distance for different Reynolds numberst=1, t. =50um and

u=1. This fi guwyferalsReymaelds numiberis high im ¢he entrance

region, due to the effect entrance region since maximum heat transfer accrued in the
entrance region and as a result maximum e/adfi axial heat conduction is also
created in this region. As the heat transfer process increased with increasing Re and

so, the fraction of axial conduction increased. Alsogasicreased with Re, the heat

transferred from hot fluido cold fluid decrease and both fluids and separating wall

are still conserve heat and there is no sufficient time for heat exchange at high Re.

A
@)
0 —o— Re =100
——— Re =200
—4A—— Re =400
IZlOA
O mpA Qn

Figure 8 Longitudinal variation of the axial heat conduction with axial distafare

different Reynolds numbers.

Figure 9 illustrates the variation of average axial heat conduefign , with

Reynolds number Re for different aspect ratioKatl andt,=50¢e m. For al | U

Oa.eragdNCreases with Re for the raised reason is the same in pervious figure. Also,

decr ease when U decrease, t his i s refe

qaveragf

bet ween both fluids overcomdvioewerse. he axi al |
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Figure 9 Variation of the average axial heat conduction with Reynolds number for
different aspect ratios.

Figure 10 shows the variation of the average axial heat condugfion, with

aspect r #feréntoReydold$ mumberd &, =1 andt,= 5 0 ¢ m. For alll |

increases with U, this is because any il

qaveragf

increasing the heat remaining in the fluids and sejpay wall and then the

average

increase. As illustrated in previous figurgs, .., increase with Re.

—=— Re=100

A
—o— Re =200
—4~A— Re =400 A O
A @) O
O O
O

oo >

Figure 10 Variation of the average axial heat conduction with aspect ratio for different Reynolds.

Figure 11 shows the variation of the average axial heat conduefjgp, with

Ce
Il
H

thermal conductivity rati&, for different Reynolds numbers at= 5 0 Om and
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and. For all Re increase withK,, this is because that more heat transferred

’qaverag<

between the two fluids through the separating wall at high and this lead to

increase the axial héconduction.

800 -
oo | —B— Re=100 A
— 600 Re =200
~ +
£ so0 | Re =400 e
T
B 00 -
=
. 300 - PAN
o
_E 200 -
= 100 |
0 T T T T 1
0 30 60 90 120 150
X,

Figure 11 Variation of the average adal heat conduction with thermal conductivity ratio for
different Reynolds numbers

Figure 12 shows the variation of the average axial heat condugtion in axial

direction with aspect ratio U for tWifferen
=50em. Kopotheqglilncreases with U (due to inc

channel lead to incesing the heat remaining in the fluids and separating wall). Also,

Oaveraqe INCTEASES WithK, because the heat transferred through the separating wall
increases.
—=— K, = A
—S— K, =5
A A
K. =10
A o
A o
o
o
O O = -

Figure 12 Variation of the average axial heatdrartion with aspect ratio for different

thermal conductivity ratios.
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Figure 13 clarifies the variation of the average heat conductiaxial direction
Oaverage With channel volume for different Reynolds numberkgt=1 andt;=5 0 € m.

For all Re, q_,.,,, increases with channel volume in which lead to increasing the heat

remaining in the fluid and separating wall and thendg, , increase.

7 —=— Re =100 A
61 TS Re=200
R Re = 400 &
: &
S 3
S

O T T T T 1
0.2 0.4 0.6 0.8 1

Channel volume (*107° m*)

Figure 13 Variation of the average axial heat@nduction with channel volume for different

Reynolds numbers.

Figure 14 shows the variation of the average heat conductiariah direction

with channel volume for different thermal conductivity ratios at Re=200tand

qaverag(

=50em. K;,@f,.lactedses with channel volume. Alsg,,.. increase with

K, in which heat transferred between the two fluids through the separating wall

increases.
60 -
o | —=—K, = A
L a0 i K, =5
3 K, =10 2
% 30 - A
P20 A
::E 10 g
0 = T = T = T
0.2 0.4 0.6 0.8
Channel valume (*1071° m*)

Figure 14 Variation of the average axial heat conduction with channel volume for

different thermal conductivity ratios.
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Figure 15 illustrates the variation of the microchannel heat exchanger effectiveness
Uwith Reynolds number for different aspemtios at K, =1 andt;=5 0 ¢ m. The

effectiveness decrease with Re for all U,
when Re increase and thgmTdecrease. On other hand, the axial conduction in the

solid also ncrease with Re as before. The effectiveness at low Re is seems to be
converge to each other but the difference increase at high Re, this refer to low Re

(there is sufficient time to heat exchange and the effect of axial conduction is small in
allcasesmd vice versa). On other hand, O is i1

best U because the axi al conduction decrea:

0.6 -

—A— a =02
—— a=0.5

05 -
04 -
W 03
0.2 -

0.1

0 100 200 300 400
Re

Figure 15 Variation of the microchannel heat exchanger effectiveness with Reynolds

number for dferent aspect ratios.

Figure 16 illustrates the variation of microchannel heat exchanger effectii@ness

with thermal conductivity rati&, a t U=1=%Ghadm for di fferent

numbers. For all Re, theffectiveness increases with increake and more heat
transferred from hot to cold fluid in spite of the axial conduction, also increases with
K., but the heat transfer overcome on it. Also, the figure indicates that U i s hi gh

at Re=100.
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0.2 1 —A— Re =400
0.15 -
0.1 +
0.05 -
0 T T T T ]
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Figure 16 Variation of the heat exchanger effectiveness with thermal conductivity

ratios for different Reynolds numbers.

Figure 17 shows the variation of the microchannel heat exchanger effectiteness

withaspect ati o U for diffeKehandttRE9eml dFonumbér :
the figure clarifies that the effectivenes
of fluid increases @iteeeaseOn other hand the axialand t h
conduction in the solid also increases wit

that, the effectiveness at Re=100 is more than the others for same reason.

—=— Re =100

—e— Re =200

—A— Re =400

0.4 0.6

Aspect ratio

0.8

Figure 17 Variation of the heat exchanger effectivenesgith aspect ratio for different Reynolds

numbers.
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Figure 18 illustrates the variation of the microchannel heat exchanger

effectivenessU with channel volume for different thermal conductivity ratios at
Re=200 and,=5 0 ¢ m. K ahe effedtileness decreases with channel volume.

This is due to the amount of fluid increases when channel volume increase and then
o Tdecrease.

0.2 0.4 0.6 0.8 1

Channel volume (*1071° m?)

Figure 18 Variation of the heat exchanger effectiveness with channel volurfa different

thermal conductivity ratios.

Figure 19 shows the variation of the microchannel heat exchanger effectileness
with thermal conductivity ratig, for different aspect ratios at Re=200 dpet 5 0 € m.
The U inc i, éhis 3sedge tonincredsing the conductivity of the separating
wall and more heat is transferred in this case in spite of the axial conduction also
increases, but the heat transferred between the two fluids oot Also, thel
at U=0.2 more than the others, this is bec
U decrease. For U=0.2 tkhbut nerméllg cot dbove ness i

o

U=0. 5 f K 10 then hereffegtiveness will be constant.
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K
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Figure 19 Variation of the heat exchanger effectiveness with thermal conductivity

ratio for different aspect ratios.

Figure 20 illustrates the variation of the microchannel heat exchanger effess/

to average axial conduction rat@g,,...\With Reynolds number for different aspect

ratios atK =1 andt;=5 0 e m.  Fdd,,.décteasds with Re, this is because

the effectiveness decreases and the axial conduction in the solid increases with Re.

For U=0.2 gi vesedql.hees pheecsital v g1 vtaet dfow Re du«

increase and decrease at small Re.

average

4 -
35 1A
3 | —A— . =0.2
o —— a=0.5
t§o2.5—
N —=— a=
o
T~ 15
W
1 4
O-S_M
0 =1 : _=#h | é
0 100 200 300 400
Re

Figure 20 Variation of the microchannel heat exchanger effectiveness to average axial

heat conduction ratio with Reynolds number for different aspect ratios.
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Figure 21 shows theaviation of the microchannel heat exchanger effectiveness to

average axial heat conduction rate@q,,,,with thermal conductivity ratio for

different aspect ratios at Re=200 ahg 5 0 ¢ df,,,,,, decreases ith K, , this is

due to theq, . increases wittK,, i n spite of that U also in
increasing inq,,..,,i S more than that for sthakedd. Al so,
e/q;verage'
\
0.25 -
A
0.2 +
—A— a=0.2
% 015 - —o— a=0.5
g
_ g _E_ o :l
™ 01 -
\
t
0.05
[ A
0 - Log =
0 30 60 90 120 150
K?’

Figure 21 Variation of the microchannel heat exchanger effectiveness to average axial
heat conduction ratio with thermal conductivity ratio for different aspect ratios.
Figure 22 illustrates the variah of the microchannel heat exchanger

effectiveness to average axial heat conduction wl4g,,,.with thermal conductivity

verage
ratioK, f or di fferent Reyntgsl5dise nm u nrboerrpsatedlt Rk= 1 aa
€/Uzerage 1S decrease witk, . Also, e/q,,...decrease with Re, since amount of fluid

increases when Re increase tklTand U decreases. On ot her

conduction in the solid also increasemRe.
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0.035 —e— Re =200
0037 —A— Re =400
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0.015 -
0.01 4
0.005 -
0 : | AU%
0 30 60 90 120 150
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Figure 22 Variation of the microchannel heat exchanger effectiveness to average axial

heat conduction ratio with thermal conductivity ratio for different Reynolds numbers.

Figure 23 shows the variation of the microchannel Brelhanger effectiveness to

average axial heat conduction rateq,,,.,

Reynolds numbers &t =1 andt;= 5 0 € m.

€

with channel volume for different

F e/t,,.adedreasReewith channel

volume this is due to the effectiveness decreases with channel volume and the axial

conduction in the solid increases with channel volume.

& /q average

0.35

0.3

0.25

1
| —=— Re =100
Q —o— Re =200
_ —A— Re =400
A
| A
a =X
0.2 0.4 0.6 0.8 1

Channel volume (*107° )

Figure 23 Variation of the microchannel heat exchanger effectiveness to average axial

heat conduction ragiwith channel volume for different Reynolds numbers.
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Figure 24 shows the variation of the microchannel heat exchanger effectiveness to

with channel volume for different thermal

average

average axial heat conduction rasay

conductivityratios at Re=200 ant{=5 0 € m. It seen from this fi

e/q;verage iS atKr :1'

0.25 +
02 1 —=—K, =1
_G_K." = 5
% 015 - —AK, =10
:@!3 |
~ 0.1
W
0.05 ¢
A .
0 T |K T _@l_
0.2 0.4 0.6 0.8 1
Channel volume (107" m*)

Figure 24 Variation of the microchannel heat exchanger effectiveness to average axial
heat conduton ratio with channel volume for diffemethermal conductivity ratios.
5. CONCLUSIONS
The effects of axial heat conduction in rectangular microchannel heat
exchanger with parallel flow was studied numerically throthgh microchannel

heat exchanger ffectiveness to average axial conduction rat#q,,.,.

considering thermally and hydradynamically developing flow conditidime

Navieii Stokes and energy equations are solved in a-tlireensional domain
using the finitevolume method witiFORTRAN code. Howevefrom the results
obtained the following conclusions can be drawn:

1 The parameters affect the axial conduction and the effectiveness in rectangular
microchannel heat exchanger are: thermal conductivity rdio, Reynolds
number Re, aakhaeneltvolumeati o U

f Increasing of the thermal conductivity ratild, , Reynolds number Re, aspect

ratio U and channel vol ume each separat e

conduction and vice versa.
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1 The mi crochannel heat exchanger effectiver
conductivity ratio K, while decrease with increasing Reynolds number Re,

aspect ratio U and channel volume each se
1 The effect of the axial heat cametion is reflected in the microchannel heat

exchanger effectiveness to average axial heat conduction gafjQ .. Which

decrease with increasing thermal conductivity ratl®, in spite of the

effectiveness increase due the axial heat conduction effect, and increasing of

K, will not enhance the effectiveness, aety decreases with Replds

average

number Re, aspect ratio U and channel vol
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ABSTRACT:

The study is focused on the estimation of rate of soil erosion, using the Universal
Soil Loss Equation(USLE), for the embankment ofGdrma Bridge in Basrah, Iraqg.
The solil erosion is estimatddr the zone of average slope in the study area. The
factors considered are rainfall, intensity of rainfall, type of soil, slope length, slope
steepness, land use classification, and the existing of soil conservation practices.
Detailed analysis of soil sgples were done to asses the texture, structure,
permeability and organic matter content of the soil samples of the embankment of the
Al-Garma Bridge. The average annual erosivity index is obtained as (124.99(MJ.
mm/(ha.h))) and the annual average soiseno rate is estimated as (61.5 t/ha/year).

w Bl P FOF
O ty0UFy IB/HEEF IBUNONGHIC HEFFS IPIBE Y B IS4 Tph Fip MCKOF
wT OUJE IQOPFT KpFF 32 X% BT YU4®Fs §F PIF JOWHIFFu)3t@FU &l Bys OB HOF
Qb & ayora ¥ 0Ky Y B yphiFtve T5FF B F Q I o FOEP yEFHOAY D U 81 WOF
b F ayr) O Quj ThM Y D EDE MSF)MEDFFeR HO IGO0 M x5 GO F g 53 BRKMIOF | b
A ETwy UYIBMHBFRIp b Hie Hp H tyM M eDReBIO b @®H Fur vaiBE L1 /1 FOF
61. MkuhFAGHOMIEOBWHCORBL ER4. 99 OT rpdFs b BOFfF FOF 1O
n3pTmH e Bk
Keywords: soil erosion, Uniersal SoilLoss Equation USLE.

1-INTRODUCTION

Soil erosion results from the detachment, the transportation and sedimentation of
the soil particles. Factors such as wind characteristics and similar climatic conditions
play paramount roles in the disintegratiminsoil structure. Rain as an external factor
plays the most important role and, of soil factors, erodibility phenomenon is
importance (Giovanini et al.,2001).

It is useful to make an estimate of how fast the soil is being eroded, before
implementingany conservation strategies. Thus methods of predicting the soil loss

under a wide range afonditions are required. Erosion models are necessary tools to
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predict excessive soil loss and to help in the implementation of an erosion control
strategy. As parof literature review, a wide range of soil erosion models is studied
which includes the Universal Soil Loss Equation (USLE), GIS based USLE (Murimi
and Prasad 1998), WEPP (Amore et al 2004), AGNPS (Harregewegn and Yohannes
2003), LISEM(De Ros and Jettdr®99) and Cs137 (lonita and Margineanu 2000).
The Universal Soil Loss Equation (USLE) was developed by Weischmeier and Smith

(1978), is the most widely used erosion prediction method.

2-STUDY AREA:

To estimate soil loss field study was conductedlr Garmaa located in the south
of Basrah. The study area was the embankment @akinaa Bridge as shown in
figure (1). The climate is very hot in summer, cold and rainy in winter with an
average annual precipitation of 154.4 mm and a mean annual taurpenf 26.5C°
(Meteorological Departments, BaghdaBasrah). Rainfalls mostly occur in spring
from March to April, autumn from October to November, and in winter from
December, January, and February. The average slope of the embankment is 11%. No

land caver and no land use in this embankment as shown in figures (2), (3), and(4).
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Al-Garma
Bridge

Fig.(1) Location of AlGarma Bridge in Basrah



