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Abstract

This investigation has been studied to a complex geometry of flat channels. A piece of copper plate by dimensions (25
mm) width by (25 mm) length and (5 mm) depth was, therefore, developed for copper plate, it was a square shape. The
heat was applied on range (50-600) watts (3) mass of flow rate had employed. The ranges of heat had applied for each
flow of mass was employed. The square copper of flat geometry with a channel height (3 mm) and a channel length (25
mm) is heated via an electric heater. It has been researched and reported that the characteristics of a geometrical structure
and on metal contribute to test piece to guess of coefficient of single-phase on heat transfer and to guess of coefficient of
two-phase on heat transfer.An iteration process via excel software was utilized to get properties of flow heat such as; a
coefficient single-phase and a coefficient two-phase of heat transfer was clearly been laminar also a fully developed on
this flow, a guess on wall of temperature, a prediction on fluid of temperature at guess tests. A possibility mechanism of
heat transfer was reported for flat-channel of complex geometry. So results on the main of this article to acquire an inlet
and an outlet a guess of heat flow, a fluid temperature, as well as get coefficient of single-phase and a coefficient of two-
phase on heat transfer in addition to mention a some of numerical results such as the liquid of temperature for inlet
location had been between (20.84 -32.63) Celsius also liquid of temperature for outlet location had been between (21.40-
45.26) Celsius; a temperature of wall had been between (40.70-48.60) Celsius.. Ultimately, so | have no experimental
data had obtained of empirical set-up so that R113 data had obtained on guess analysis was only employed by equations
of heat transfer at guess set-up very similar to real lab tests under to steady-state conditions.
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1. Introduction
temperature for their project.The purposes to present

The substantial goal of this study has to explain how to  on this study are: (1) to obtain of new heat transfer data for
remove unwanted heat are generated by electrical devices R113 on single-phase and on two-phase to flat-channel,
such as x-rays had equipment for microprocessors that are  (2) to obtain a significant parametric trend and an explore
electronics and other to high-power of electrical devices the possibility of a mechanism on coefficient of heat
and so forth still wanted to be effective in heat dissipation  transfer, (3) to guess on the accuracy of previous to
at high-performance of technologies. So; fluids such as  correlations of flat-channel at guessing the new data, and
water and an R113 are two coolant forms that was (4) to develop a new method for heat transfer correlation
supported the complex geometry of channel sinks. For  for R113 on boiling tests of flat-channel to complex
flows of multi-phase or single-phase of fluid or air  geometry.
streamed into them [1-5]; Several researchers had reported
to flow of boiling phenomena Kandlikar et al,[6] and [7] ; 2. Theory
Kuznetsov and Vitovsky;[8]. Cuta et al; [9].Ibtisam A.
Hasan; Iman S. Kareem; Duha Adil Attar [10] had studied An estimation of heat transfer coefficient on single-
an array of pin fins heat sinks in order to build a cooling  phase and on two-phase to the R113 is existed according
system for PV panels. So 1-D analysis condition was to the liquid of wall temperatures at the system pressure as
employed to transfer an excess heat by the PV panel with  an indication to temperature; As seen in Fig.l, a
the heat sink by existing to guess an operation temperature  description for a point to that only a one heat flux
of the PV panel by Theoretical and panel performance has  distribution can exist on the solid-fluid interface.A
been studied empirically. Hayder Mohammed Hasan [11]  dominant influence on the conduction of wall , as
was numerically investigated to micro-channel of heat indicated on Fig.1, the 2-D array; first-D array was
exchanger SIMPLE algorithm by finite volume method  perpendicular to the second-D array was fluid flow R113
also employed FORTRAN code to get the distribution of parallel to the R113 fluid flow, a thermal conductivity for
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the following equation, was not observed eventually
[12]&[13].

82T /8y* + 82T /622 = 0 (1)

worling fluid

Insulated wall
Insulated wall

T Heat applied 71

Fig.1 Wall Conduction of copper test Piece [12]&[13]

Where (y) is perpendicular to flow axis; (T) is a
temperature in a copper wall. Heat conduction on eq.( 1)
was discovered via the partition to the square cell zone has
(0.5 mm) square.An energy balance to be achieved via
each cell, as seen in Fig.1. [12] &[13]

Tl!]
= 8y2(Tiyrj + Tiorj) +062%(Tyj41 + Tij,)/2 (8y% + 622) (2)

Where (6z) and (dy) are the cell size .So eq.(2) was
meant to vary from boundary conditions that are
iteratively solved to the point where the temperature at
each cell is the same as previously predetermined a guess
error of (0.002) via the iteration method.

The value for (T,,) at mini-scale can be obtained as[14]:

qn Ltn
T = Ton =~ 3)
C
The value of (T|) at mini-scale is obtained by[14]:-
dn WZ
T, =T 4
L 1 + MLCp ( )

The guess of single-phase to coefficient of heat transfer to
flat -channel can be found by[14]:-

qn = Athsp (Tw - TL) (5)
The exit quality can be obtained by employing[14],
X = 1/th [qn/m — Cp(Tsqe — Tir)] (6)

The calculation of heat transfer on two-phase to flow
boiling is obtained by[14]:-
qn = Ahh)tp(Tw — Tsar) @)

The calculation of Nussle number can be obtained by:-

NU, , = NU, , 013 (8)
Xx,3 X,4 Nde,4
Where prandtls (Pr); number as follows [14]:
C
p =2t ©
L

The Reynolds number can be obtained by[14]-

Re = p,VDy/uy, (10)
In where (Dy,), seen by
Dy, = Apc/Pnc (11)

The Reynolds number for single-phase & two-phase
regions are found respectively by.

Re, = (G(1— x)Dp) / i (12)

Re, = (G x Dh)/uv (13)
In where "(NUx,), (NUfd3),"and (NUfd,), " are

given to be gained by liquid properties respectively"."As
defined all single-phase set to coefficient of heat transfer
can be obtained[14]:-

by, = kL 14

D (14

In addition to all two-phase set to coefficient of heat
transfer should be gained by[14]:-

sp —

an/An
hy, = ————— 15
P Tw - Tsat ( )
3. The Set-up

The set-up has (3) main sections; a flow loops, a
copper of test section; a flat-channel of complex geometry
In addition to a test piece of copper.

3.1 Flow loop

On consideration that the set-up has a new technology
of development plan .So before the boiling test in Fig.2.In
the sequence of test, the running liquid R113 has been
degassed for roughly (2-4) hours in the higher thermal test
in order to remove any a dissolved gas was derived to the
atmosphere from the set-up. The valve at the top of a the
preheater was occasionally opened to permit the dissolved
gas to fly to the atmosphere. In addition, any test pressure
was closed to ambient pressure. After extracting the gas
from the R113 working liquid, remove the liquid R113 by
the accumulation of the pump. The key goal of the coarse
filter is to prevent main debris. A finer filter was employed
during boiling tests .So, the optimal R113 was calculated
relied on a mass flow and an inlet temperature (My; Tiy).
So, during the inspection, a coarse filter is employed to
block large particles. The mass speed was balanced by a
flow meter and a by-pass valve was located in front of the
flat-channel of complex geometry. The heat adjusted
controller for liquid R113 was transported to pre-heater to
get the appropriate for temperature inlets to transfer to a
complex geometry of flat-channels of copper housing .A
pre-heater was joined to the controller unit. Before of
conditions of steady-state essentialed to be maintained. A
working liquid R113 has crossed through to flow loop to
the equipment. A procedure involves around (2-3) hours to
steady state to situation. The temperature of a heater and a
copper housing can continuously drives the movement. In
this state, the heating duration was roughly (40 to 90
minutes), and the heating time employed was reset by an
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iterative process via the boiling test in order to continue a
device pressure be similar to the environment for all guess
of boiling tests.

Fig.2.The Flow Loop[12]
3.2 Test section

Figs. (3 & 4) are seen a copper on test section had
composed of (3) parts: a copper housing, a top cover, a
complex geometry of flat-channel. The top bodies, a
bottom box and so all the foundations are prepared of
copper, a copper box was employed. So; Figs. (3 & 4) are
seen the copper of the test portion of this investigation is
seen on analytical analysis. So, top housing contains a
complicated to flat-channel of complex geometry. It was
fitted with an inlet plenum; an outlet plenum was equipped
by pressure; a temperature port for receiving at similar
sensors was presented.

[tk

NN ———— iy

Tresutepi

[l
[1eae

Supur bk

et T

Fig.3.Test housing [13]
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Fig. 4.Test section [13]
3.3 Test piece

Fig.(5) is seen the parts that had been gained on the
copper to flat-channel of complex geometry; So, (6)
thermo-couple posts, (1) each on inlet plenum, an outlet
plenum, and (4) underneath on flat-channel of complex
geometry zone .So all thermo-couples are employed to
gain an inlet temperature and an outlet temperature.A wall
temperature of thermocouples with a sample diameter of
(0.5 mm) was pushed through (2) holes for an inlet
location and (2) holes for an outlet location, drilled both
of them (4 mm) below the channel surface with a drilled
(10 mm) and (20 mm) in a test piece from the inlet end
respectively. Thermocouples had empolyed to measure the
heat sink’s stream on temperature distribution . These
holes allowable (4) sheathed k-type thermocouples and all
thermocouples had calibrated in an exceedingly water bath
and had accurate to (0. 55 °C) roughly.A groove is cut out
on the surface of the top housing to line an O-ring.A
copper to a flat-channel of complex geometry so channel
had an altitudinous footprint on the surface to the housing
of copper was (25 mm by 25 mm) was presented total
width by total length
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Fig.5. Test piece of flat-channel
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3. Results and discussion

Figure .6 shows an overview to the predictive data on
the coefficient of heat transfer versus exit equality for
boiling tests. An initial objective to the project was to
identify data on single-phase of coefficient and coefficient
of two-phase. There are 2-zones in the Figure. 6, a zone of
single-phase also a zone of two-phase, a single-phase was
laminar and was developing flow. At outlet position low
mass flow has a higher value was been compared with
others; so this prediction was detected more evidence for
boiling on a flat-channel of heat sink. So these factors may
explain the relatively of good correlation between the
coefficient of heat transfer and an exit equality.
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Fig.6. Coefficient of heat transfer versus exit quality

Figure .7 is presented the results obtained by the final
analysis of prediction tests, for an inlet data and an outlet
data to a coefficient of heat transfer on single-phase and
on a coefficient of heat transfer on two-phase against a
temperature for inlet fluid .In Figure .7 the data started
approximately constant after that there is a clear trend of
increasing to the end. As seen in Figure.7, the data outlet
at outlet location higher than data inlet at inlet location. So
a present study was designed to get the effect to the
coefficient of heat transfer for a flat-scale of heat sink.
This study set out with the key of assessing an importance
to the coefficient of heat transfer on boiling tests.
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Fig.7. Coefficient of heat transfer versus inlet temperature

Figure .8 provides to the prediction data on the
coefficient of heat transfer against of outlet on fluid
temperature of prediction tests, for an inlet and an outlet
data to single-phase and on two-phase heat transfer. In
Figure.8 the data had started approximately constant data
after that got there is a clear trend of rising to the end. As
seen in Figure .8, the data outlet at the outlet location
higher than the data inlet at the inlet location; so, a present

investigation was designed to find the influence to the
coefficient of heat transfer for a flat-scale of heat sink. As
can be seen from Figure .8 the flow on single-phase was
laminar also was developing. This investigation set out
with the goal of assessing to the significance to the
coefficient of heat transfer on boiling tests.
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Fig.8. Coefficient of heat transfer versus outlet
temperature

Figure .9 is seen the prediction data on the coefficient
of heat transfer against of wall temperature of prediction
tests, for single-phase and on two-phase of heat transfer.A
coefficient of heat transfer for single-phase flow remains
relatively constant and approximately the same after that
data there is a clear trend of rising to power relationship to
the end. Thus, there was a significant positive on
correlation between on wall temperature and single-phase
and on-two-phase heat transfer.As seen in Figure .9, the
data outlet higher than the data inlet as well as the low
mass flow has bigger data at inlet data and outlet data.
Therefore a present study was designed to calculate the
influence of wall temperature on the coefficient of heat
transfer for flat-channel of heat sink. The flow on single-
phase was laminar also developing at all mass flow. So,
This search was set out with the goal of estimating for
significance to the wall temperature with a coefficient of
heat transfer on both phases, single-phase and on two-
phase for boiling tests.
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Fig.9. Coefficient of heat transfer versus wall temperature
Conclusions

The conclusions are dependent on transmitted relied on
iteration process and equations of Heat transfer executed
in the present study.

1. Guess study has demonstrated better than or
similar to conventional test to flat-channel of heat
sink.
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2. The topical of this present work was to get a
coefficient of heat transfer on single-phase and a
coefficient of heat transfer for two-phase in a flat-
channel of heat sink using R113 as coolant liquid.
To achieve this objective, an appropriate
guessable facilities had been designed and
invented both for the synthesis of copper on heat
sink and for convective and for conduction heat
transfer conditions for boiling tests.

3. The boiling of coefficient of heat transfer had
been divided into a single-phase zone as well as
two-phase zone. Many correlations had been
employed to predict for coefficient of heat
transfer for both single-phase and for two-phase.

4. The two-phase to coefficient of heat transfer
depends substantially on liquid temperature; as
well as increases almost polynomial by
increasing exit quality at different for rate of mass
flow.

5. The flow of coefficient of heat transfer on single-
phase, as well as two-phase had been laminar
and had been developing flow for all at mass
rates.

NoMenclature

Ay, = area of heat temperature

Ay = area of channel heat temperature
C, = specific heat, kJ / kg.K

Dy, =hydraulic diameter, m

hy, ='single-phase of heat transfer coefficient " W/m.k
hy, ='two-phase of heat transfer coefficient ” JW/m’k
K¢ ="Thermal conductivity", W/ m .K
L = length of flat-channel, mm

Ny =Nussle number

qn =Heat apply, watts

R, = Reynolds number

P. = prandtls number

T = temperature, °C

T;, = inlet temperature, °C

T, = liquid temperature, °C

T, = salutation temperature, °C

Tw = wall temperature, °C

V =liquid velocity, m/s

W = width of flat-channel ,mm

Z = Flow direction, mm

Greek symbols
pr = Density of a liquid , kg/m3
. = Dynamic viscosity N.s /m?
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