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Numerical Study of Heat Transfer of Water Flow
through Pipe with Property Variations

By Amjad Ali Pasha
A. Mushta
Khalid A. Juhany

Microchannels, with their small size and high heat dissipation capacity, play an
important role in electronic device3he present study deals with steady, laminar,
incompressible, single phase liquid water flow, with constant wall heat flux, through a
micro-pipe. Numerical simulations are performed for tdimensional axisymmetric
pipe for developing flow at the entrandéhe effect of constant and variable thermo
physical properties, at the inlet boundary, on heat transfer and hydrodynamic
characteristics is examined with variations of radius, inlet velocities, and constant
wall heat flux. It is observed that the Nusselimber increases with an increase in
radii and inlet velocities and depicts higher values with variable property flows as
compared to constant property flows.

Keywords: Heat flux, Mean temperature, Micropipe, Nusselt number, Thermal
conductivity Viscosiy.

Introduction

Liquid flow through micro ducts is used to dissipate heat in miniature
engineering systems, which is of paramount importance for their performance.
Fluid flow, through conventional macro size ducts, has been extensively
studied to develp the wellestablished analytical relations of heat transfer
(Weilin et al., 2000; Sobhan et al., 2001; Morini, 2004; Hetsroni et al., 2005a;
Mahmoud and Karayiannis, 2013). Unfortunately, there exist many discrepancies
between the mechanism of fluid floand heat transfer in macro ducts and
micro ducts. This opens a broad door to unveil the flow physics in the area of
micro-convection heat transfer.

The first micro channel experimental studies performed by Tuckerman and
Pease (1981), demonstrated thatafer heat transfer rate could be achieved
with smaller diameters. Subsequently, several investigations have been conducted
over the past years to practically analyze the flow through micro channels
(Kohl et al., 2005; Liu and Garimella, 2007; Dirker et 2014; Asadi et al.,
2014). However, experimental measurements for micro channel pipes face a
major challenge till date. As an alternative, numerical simulations have been
employed by researchers, to overcome this limitatigiolijo et al., 2005;
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Hetsroniet al., 2005b; Gulhane and Mahulikar, 2010; Gulhane and Mahulikar,
2011; Dixit and Ghosh, 2015).

Generally, constant properties (CP) are assumed in fluid flow and heat
transfer analytical calculations for duct flows. The effect of fluid property
variatiors with temperature such as densjt{T), thermal conductivity k(T),
specific heat at constant pressurg(T¢ and viscositye(T), are generally
neglectedthat account for large temperature differences when compared with
constant properties and around 308&vidtion in Nusselt number (Nu) (Herwig
and Mahulikar, 2006; Ozalp, 2010). Experimental evidence with a comprehensive
review of the literature were provided by researchers showing the discrepancies
present in literature for frictional factor and pressurepdfor flows through
micro channels (Muzychka and Yovanovich, 1998; Steinke and Kandlikar, 2005).

Our main objective is to investigate the efteat temperature ariation of
thermo physical propE)ytaed | ekd) ) (dhn,
and hydrodynamic characteristice. Nusselt number (Ny)pressure dropp,

Darcy friction factor § and skin friction coefficient Cfor developing water
flow through the micro pipe. Alsathe effect of variationin diameter, inlet
velocities, andonstantvall heat flux is studied on these characteristics.

The paper is organized as follows. Firste simulation methodology is
discussed. In this section, governeguations, geometry details, grid convergence
study, numerical method, and formulas are discussed. Next, the computed
velocity and temperature profiles are discussed for constant and variable properties
(CP and VP) respectivelgnd compared to analyticabnventional profiles of
pipe flow. Next, the isolation and combined effects of variable prop€xties
on heat transfer and fluid flow characteristics are studied and compared to
constant propertyCP) numerical results. Next, the effect of differentirad
inlet velocitiesand wall heat wall fluxes on these characteristics is studied for
constant and variable properti¢g€P and VP) Finally, the conclusions are
discussed.

Simulation Methodology
Governing Equations

The conservation equations of masspmentum and energy used in
numerical simulations are described below. The sifgaseliquid flow is

assumed to be laminar, steady, and incompreq$alesenow et al., 1998)
Continuity equation:

+Hz g 1)

r-component momentum equation:
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Z-component momentum equation:

Py ey = P PRGBS (3)
wooCwe oz rw g e

Energy equation:
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Here,r andz are radial and axial coordites u; is the velocity component
in theradial direction and us the velocity component ithe axial directionas

shown in Figure 1, and p is the pressure. In incompressibletfldwe densi ty

viscosity ¢, t her mal capacipnal cocstant préssuse Kk
C, are assumed as constants, which is a poor assumption for micro channels. A
more accurateapproach tosolve these equations would be to assume the
dependence of these properties on temperalturgq. 1 the lefthand side is

the ptal mass flux passing in axial and radial directions through the control
surface per unit volume. The ldfand terms in Eq. 2 and 3 represent the rate

of momentum transfer by convection per unit volume in axial and radial
directions. The first and secotetms on righthand side represent the pressure
and viscous forces acting on control surface per unit volume in axial and radial
directions. The gravitational force is neglected. TheHafid sideof Eq. 4, is

the total energy lost by convection whiletfirst term ortheright-hand sidas

the amount of heat transfer by conduction per unit volume. dfivien by
Fouri er 6s T Where k ¢ the thernkal conductivity and T is the
temperatureThe second term represents the work done by shear forces.

Numerical Details

Figure 1. The Twedimensional Axisymmetric Geometry ofthe Mcro Pipe
showingTemperature and/elocity Profiles with ConstantHeat Flux Boundary
Condition onthe Wall

Flat temperature & q Fully developed
velocity profile at inlet i temperature & velocity profile
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Two-dimensional axisymmetric geometry is generated using Pointwise
V17.2 R2 package. The domain extends to a length=00.018 m in the axial
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direction and to aidmeter of D= 10xL0°m in the radial direction as shown in
Figure 1. Based on grid convergence study (see Figueed)d size of 400 x
100 in axial and radial directions is usedhe numerical simulations. The grid
is clustered atn inlet andnearthe wall. A first cell distance of 5xI0m is
taken to capture the velocity and temperature gradients.

Figure 2. Variation of NusselNumberNu, with Different Grids for Water Flow,
throughthe Mcro Pipe of RadiusR = 5x10°m, Inlet Velocityu,, = 3 m/s and
Constant Wall Heat flux,,g= 100 W/cm
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An in-house code issed to carry out the numerical simulations. The-post
processing is done using Tecplot 360 package. The governing equations are
discretized using secoratder finite volume technique. THIMPLE scheme
is used to couple the velocity and pressure variafasankar, 1980)The
implicit method is used to reach the steatigte solutions. The paip velocity
and uniformly distributed constant heat flux boundary condiicmusedon
thewall. The inlet boundary conditions of velocity, & 3 m/s, temperature;,T
= 273.65 K are taken. Athe outlet pressure 4x = 1.01325 x 10 Pa, is
assumedAt cener line, an axisymmetric boundary condition i.e. gradients in
theaxial directionu(p)/uz, W(T)/uz andu(r )/pz are assumed to be zero
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Thermophysical Properties

The thermophysical properties of water. e . |} (p()T) kOd@) ¢ (T) ar
assumed to depend only on temperature. The polynomial functions of second
and third order are used to curfiethe data (see Figure 3) in the temperature
range of 278.15 to 37R at 1 bar pressur@ergmanand Incropera2011).

} ( T9)765.33+1.8142 (FP.0035 (T§ (5)
Co(T) = 1.0958- 59.27 (T) + 0.171 (B)- 0.0001623 (J° (6)
k(T) =-0.5752+6.3967x18T) - 8.151x10°(T)? (7)

e ( T99.67x107 - 8.207x10%T) + 2.344x1C (T)? - 2.244x10° (T)® (8)

Figure 3 shows thatsaemperature increases, kffigreasea nd bot h | ( T)
and ¢ (T) dTefostoraenseswith ii@rease in temperature and then
increasesThese thermo physical variable properties (VP) usemiimumerical
simulations differ from formulations used in RéGulhane and Mahulikar,

2011). Also,the constant properties (CH) our simulationsare calculated at
the fluid mean temperaturen contrary to the simulations by Gulhane and
Mahulikar (2011) wher€P calculations are performed at inlet temperature.

Figure 3. Comparison of Polyomial Function Curves to the Available Data
(Bergman and Incropera, 2011) for Variation of Thermophysical Properties
with Temperature
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Formulas
A numerical sample calculation is explained as follows. The mass flow

rate of water flow through a micro @pf radius R = 5 xIfm with an inlet
velocity of u, = 3m/s is given as m FAu;,. Here, A =pR?2 is cross sectional
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area of pipe. The local mean bulk temperature at any location alongpii®, z
Tmeand exit temperature. TS calculated by

R
__ 2 ) _ AwAw
Tm(2)= 2 AT(r) u(r)rdr ; Te = Tin* mWC

‘m 0 g ©)

Here, r is the radius of pipe;,Tisinlet temperature, gis constant wall
heat flux and Tis exit temperature. The constant properties (CP), density
viscositym thermal conductity k and specific heat Care calculated at bulk
fluid temperature i.e. = (Tiy + Te)/2 is 289.64 K, where;Jis taken as 273.65
K. The fluid properties atgfarer = 998.66 (kg/r), G, = 4184 (J/keK), k =
0.5926 (W/mK), andm= 0.00108353 (kg/rs). The Prandtl number, Pr =7.65,
therefore the momentum transport by diffusion in velocity boundary layer is
higher than energy transport by diffusion in the thermal boundary layer. The
Reynolds number, Re based on the hydraulic diameter D = 2R, is cadcatat

Re= %: 276.50: (10)

Since, Re O 2300, anfinar. Thd hgdvw dynamicalls s u med t o
developed flow length,,, and thermally developed flow length,is calculated by

Ln=0.05 Re D = 0.00138 (11)
L= LnPr=0.0105 (12)

Thelyis calculatedat the location when the velocity profile does not change
in the axial direction i.equu/pz = 0. Thel; is calculated where the temperature
profile is only a function of radial direction. The &csurface temperature of
the pipe at along z is calculated as

Tw(z): (qw/h) Tm (2) (13)

The Nusselt number Nu is calculated as the ratio of convective to conductive
heat transfer nanal to the boundary. The Nusselt number for congtangerties
(Nucp) and variable propertieblQyp) is calculated numerically for fully developed
flow as follows:

NUCP = @ = L = 4.53 (14)
k k(-l;v - Tm)CP
Ny, = 2 - 9.D = 5.25 (15)

k(r) k\/P(Tw_ Tm )/P
Here, k(T) has direct effect on luwhereag (T) ande(T) and G(T)

effects the wall and mean temperaturg &hd T, respectively), and consequently
has an indirect effect on Nusselt number, Nu.
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The skin fiction coefficient for constant property flokZ,  and variable
propertyflow C, are calculated as follows.

a8
CfCP = OsurLicp (16)
. I’inU in

Mm% 0

The Darcy friction factofp is defined in terms of nedimensional mean
pressure gradientp/dz), along the length of the channel by,

DS‘%S
> = Ogr u.2rn (18)

Where,rn is the mean density. The mean pressure drop along the length of the
channel L is defined in terms of inlet pressBseand outlet pressui@,:

P-P
%: in L out (19)
TestCases

In this work three case studies are simulated as given in TalBleShese
cases are simulated for both CP and VP to study their effect on flow and heat
transfer rates for developing flow in micro pipe.casel study, radius of pipe
is varied keeping all the other properties constant. SimilarlZases2 and 3,
theinlet velocitiesand wall heat flux are varied

Table 1.Variation ofRadius (m)

Casel

Radius(m) 5x10°, 1.5x10%, 2x10™
Inlet temperature 273.65 K

Inlet velocity 3m/s

Wall heat flux 100 W/cm

Outlet pressure 1.01325 x 10Pa
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Table 2.Variation ofInlet Velocity (m/s)

Case2

Radius 5x10°m

Inlet temperature 273.65 K
Inlet velocity (m/s) 3,7.5,15

Wall heat flux 100 W/cni
Outlet pressure 1.01325 x 10Pa

Table 3.Variation of Wall HeatFlux (W/cnf)

Case3

Radus 5x1

Inlet temperature 273.65 K
Inlet velocity 3m/s

Wall heat flux, W/crd 50, 100, 140
Outlet pressure 1.01325 x 10Pa

Results and Discussion
Velocity and Temperature Profiles

In this section, we numerically stythe effect of variable properties (VP)
Co(T), 4 (T), k(T), &(T) in isolation and combination to investigate theffect
on heat transfer rate&.pipe radius o6x10°m at inlet velocity and temperatuse
m/sand273.65 Kat uniform wall heat wall flux ol00 W/cnf is taken in the
simulations. An outlet pressure ©f01325 x 10 Pais assigned at pipe exit.
The reslts are compared to constant properties (CP) and theoretical data of
conventional pipe flows. Athe inlet, the uniform velocity profile is assumed.

As the fluid flows along the length of the pipe, velocity reachem#ximum
value at centre and attaiagparabolic profile. At this pointhe flow is said to

be hydro dynamically fully developed. Beyond this point, the velocity does not
change along-a x i s i = 0gremaildsicbnStant throughout.

In the present calculations, it is observed thatflow is hydro dynamically
developed at/D = 20 with amaximum centre velocity of 5.9934 m/s for CP as
shown in Figure 4. The flow developster for VP near the pipe exiwvith a
maximum velocity at centre line = 5.99447 nTkeoretically, for conventional
pipes, the flow becomes fully developed at 2uy[1-(r/R)?] and its maximum
value at centre dthe pipe is given by 6 m/éBergmanand Incropera2011).

This value is higher as compared te flow through micro pipes for CP and
VP.
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Figure 4. Velocity Profile for DevelopingFlow with u, = 3 m/s, R =5x10m and
0w = 100 W/cni for CPand VP compared to TheorBérgmanand Incropera,
2011
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Figure 5. Variation of Radial Velocity in m/s, with,te 3 m/s, R =5x18 m

and g,= 100 W/cn with Constant Propey (CP), Properties & T) , 1} (
and €(T) in Isolation and their C
1 —--$--— CP
| —=—— p(T)
- =% - C D
— @ — k(D)
[ — 4= u(T)
—_—fp—e-— VP
e
=
i
D5 ™
N

367



Vol.4, No.4 Pashaet al.: Numerical Studwpf Heat Transfer of Water Flaw

Figure 5 shows that the radial velocity is negligible for CP hence convection
is zero in radial direction with CP. There is a small magnitude of the radial
velocity with VP indicating radiaconvection. The major effect is due &T)
and minor is due tp(T). The k(T) and (T) variations have a negligible effect
on the radial velocity profile.

Figure 6. TemperatureProfile for DevelopingFlow with u, = 3m/s, R =5x18
m andq, = 100 W/cm for Constant Property (CP) and Variable Property
(VP) compared to Conventional Theory
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Uniform temperature profile is given at inlet with, T 273.65 K. As the
liquid flows along the length of the pipe, the temperature rises due to constant
heat flux d g, = 100 W/cm at the wall. When the temperature profile does not
change after certain distance from entrance then it is said to be thermally fully
developed flow. In our calculations, the flowsisll developng for CP andvP
as shown in Figure 6The theoretical thermally fully developed flow for
conventional pipes is given by

2R dT 83§ Larg 1arg? 16
Tr,X)=T (X)- ————"¢ +— - = ) ( )
=00 = o 6y 1650 2R

1 R dT
T (X)=T (x)- ==n L 17
=T 00- =L a7

Herea = Kk/(r Cp). Since the Prandtl number is more than one for water, the
velocity boundary layer develops faster as compared to thermal developing
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boundary layer for CP as shown in Figures 4 and 6. Note that both the CP and
VP fluid flows show deviation fronthe calculated theoretical temperature at
pipe exit in Figure 6.

Effects of Constant Properties and Temperature Variable Rermophysical
Propertieson NusselNumber inlsolation andCombination

The thermo physical f O, kg Tpr aper ei( 3 s
dependent on temperature and their effect on heat transfer cannot be neglected.
The individual and combined effects of these properties are analysed on mean
Tm and wall temperaturdy,, and their temperature differenck,(- Tr,), and
are compared tahe solution with constant properti€€P) in Figure 7. It is
observed that he variation of e(T) and k(T) h a
temperatureand negligible effects are observed with variation g} and
} (T) as c¢omp arlendd effects oCtRese plopedi@4e) preaict
lower values of [, as compared to CPLhe CP and VP solution fdi, matches

Figure 7. Water Flow through Pip&ith u, = 3 m/s, R =5x10m and g= 100
Wi/cnft for ConstantProperties CP Variable Propertiesin Isolation and their
Combination(VP) Depicting \ariation of (a) Wall Temperaturdl,, and Mean
Temperaturél,and (b) Temperature Differend® = (T, - Tr)

= et — ot |

/,*: -------- -
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20} j e R
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! 1 1
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The overall effect of wall and mean temperatures on the Nusselt number, Nu
is shown inFigure8 for both CP and VP. The Nu depends on two parameters;
k and temperature differencBT = (T, - Ty) as given by Eqgs 14. and 15.
Firstly, the constant heat addition from wall pipe increases temperature in axial
direction of pipe. This increase innt@erature, increasdqT) as shown in
Figure 1 The effect of this increase k(T), decreases the Nplas compared to
Nuce. Secondly, the overall effectofCT ) , J ( T) , k(T) and ¢ (T)
constant properties results DTcp > DTyp, thereby redting in decrease in
Nucp as compared to Ng. The net effect of these both parameters results in
Nucp < Nuyp, with the dominant effect oDT rather than kit is observed that
Nu values are predicted higher with VP as compared to CP by 13Tzisle4

369



Vol.4, No.4 Pashaet al.: Numerical Studwpf Heat Transfer of Water Flaw

shows that atz/D = 10Q the Nu is predicted higher for VP and ,Cé&s
compared to conventional theoretical value of 4.36.

Figure 8. Variation of NusselNumber along th&low with u4, = 3 m/s, R =5x10
m and g,= 100 W/cm with CP, Properties G T)y, 4 (T), Idolation

andCombination[Cp( T) +4 ( T) +k (T) +e(T) = VP]
8
e ‘CP
—a— p(T)
-*--cm
----- @ k(T)
[ — — - 1(T)
g ¥ S - {/p
| \ —_—— - 4.36
- .
Z
=l
Z
6._

4.36

Table 4. Wall Temperature |, MeanTemperature J,and NusselNumberValues
at z/D = 180with IsolationProperties and theiCombination (VP) compared
to CP with = 3m/s, R =5x 10m and g,= 100 W/cr

Property Tw T Nu number
CP 369.01 331.15 4.34
}(T) 368.56 331.09 4.36
Cy(T) 368.45 331.08 4.35
k(T) 366.14 331.17 4.42
e(T) 366.03 331.08 4.67
VP 363.88 330.96 4.70
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Figure 9. Variation of (a) Skin Friction Coétient G (b) Darchy Friction

Factor b and (c) Normalized Pressurdor Constant Properties (CP) and,
Variable Propertes& T) , 4 (T), k(T) and € (T) in
Co( T) +3 (T) +k(T)+e(T) = VP]

0.1 |

g
0.05f

0.24

Pr/(0.5 p u’)

53
T

The G in Figure 9a with CP decreasédersy the pipe to z/D = 24 and
remains constant downstream bytwith VP decreases to the end of the pipe
and shows lower values at exit as compared to CP. The Darchy friction factor
in Figure 9b increases upto z/D = 24 for both CP and VP. Downstream of it
remains constant for CP and decreases for VP. The pressure in Figure 9c shows
linear drop with CP and neimear drop with VP. The variation of p(T) along
the pipe changes in temperature hence changes the value of pressure with VP
as compared to CP. Théher properties do not affect the pressure. The velocity
profiles in Figure 4 shows that the velocity gradients are higher with VP z/D =
50 as compared to CP, therefore predicts higher values ak Ghown in
Figure 9a. Downstream of z/D = 50, althougle trelocity gradients remain
constant with CP and have lower values as compared to VP, the decrease in
M(T) with an increase in temperature along the pipe gives lower valugs of C
with VP as compared to CP as per Eq. 17.

371

S



Vol.4, No.4 Pashaet al.: Numerical Studwpf Heat Transfer of Water Flaw

Casel: Variation of Radius

Numerical simulations are performedth varying radii of R =5x10° m
10x10° m, 15x10° m and20x10° m ata constant velocity and heat flgee
Tablel) In general, from Eqgs 14 and 15, we infer that an increase in radius and
decrease iDT results inanincrease in Nu. FigureQlshows that an increase in
radii results inan increase of wall temperature, Tand decrease of mean
temperature J for both CP and VP. This results in increas®df= (Ty- Trm)
as shown in Figurell thereby reducingNu. But, theFigure 2 shows that Nu
increases with increase in radii at CP and VP. This shows that increthse in
dimension of pipe i.e. radius has influential effect as comparBd &ffect on
Nu. The difference in Nu between CP and VP increases with increasaiiin r
A difference of 14.50%, 17.33% and 19.20% is observed betwees>R0°
m, 15x10*m and 2x10 m respectively. Table 5 shows that NwAt = 1 has
higher values for higher radii in developing flow regirttas observed thau
with R =5x10° m is close to the conventional fully developed flow value of
4.36 for CPat exit and asymptotes to the correlation (Grigull and Tratz, 1965)
at z/L = 0.5, whereas for VP the Nu is higher at Z/L = 0.5 and is still
developing.

Figure 10. Variation of Wall Temgerature T, and Mean Temperature §J
comparedor ConstantProperties (CP) and/ariable Properties (VPalong the
Flow with Variable Radii at u,= 3 m/s and g¢= 100 W/cri
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Figure 11. Variation of OT = (T, - T) compared foiConstantProperties (CP)
andVariable Properties (VPplong theFlow with Variable Radii at u, = 3 m/s
and q,= 100 W/cr

90 s
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Figure 12. Comparison of Nussdumber along thé&low with Variable Radii at
Un = 3 m/s, and g = 100 W/cr with ConstantProperties (CP) andvariable
Properties (VP)
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Table 5. Comparison ofVall Temperature |, MeanTemperature | and Nusselt
Number for CP and VRt z/L =1with Variable Radii at u, = 3m/s, and ¢ =
100 W/crh

Radius (m) Tw Tm Nu number
CP5x 10 342.74 305.55 4.54
VP 5x 10° 337.94 30558 5.25
CP 15x 10 351.61 283.63 7.48
VP 15 x 10° 340.47 283.63 8.90
CP20x 10 355.19 281.62 9.13
VP 20 x 10° 342.65 281.66 11.07

Figure 13.Variation of Computed (a) Friction Factor (b) Skin Friction (c) and
Pressure Drop along the Pipe forifizrent Micro-pipe Radii compared with
CP and VP ati,= 3 m/s andy,= 100 W/cnf
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Figure 13 shows variation of skin friction, @iction factor $ and pressure
drop Dp over pipe length L for CP and VP at inlet velocityugE 3 m/s and
ow= 100 W/cn?. The zaxis is nordimensioned with D Z.0“ m. Figure 13a
shows that as the diameter of pipe is increased tlie&eases with VP and
shows lower values. The flow exhibits lower velocity gradients for higher
diameterstherefore results in lower value$ C;. Figure 13b and 13c shows a
decrease ilDp and a decrease ip.fThis decrease is due to the fact that the
contact surface area reduces for the same inlet velocity and mass flow rate.
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Moreover for smaller radii, pressure drop and friction factondpenore and
this reduces with increasing radii. The friction factor shows a constant trend for
all the radii but for VP it reduces continuously.

Case2: Variation ofInlet Velocities

In this section we study the effect of different inlet velocities witkr 3 m/s,
7.5 m/s and 15 m/s as shown in Tahl&his corresponds to different Reynolds
number flows of 276, 690, 1383. Figurd ghows that with increase inlet
velocities, T, and T, for both VP and CP decregsesuling in decreasén DT as
shown in Figure 15. This results in higher values of Nu for higher inlet
velocities for both CP and VP and is shown in FiguBeltlis to be noted that
Nu with 3m/s inlet velocity is almost close to the conventional fully developed
flow value of 4.36 for CRitexit and asymptotes to the correlati@rigull and
Tratz, 1965) for developing flow at Z/D = 10Dhe difference between Nu for
CP and VPare13.93%, 11.11% and 8.82% for & 3 m/s, 7.5 m/s and 15 m/s
respectively. Tablé shows that higher inlet veliies lead to delay in fully
thermally developed flow.

Figure 14. Variation of Wall Temperature J and Mean Temperature §J
comparedor ConstantProperties (CP) and/ariable Properties (VPalong the
Flow with Variable Inlet Velocities atR = 5x10°m ard gy= 100 W/cm
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Figure 15. Variation of OT = (T, - T) compared foiConstantProperties (CP)
and Variable Properties (VP)along theFlow with Variable Inlet Velocities at
R =5x10°m and g = 100 W/cr
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Figure 16. Variation of NusseltNumber along he Flow with Variable Inlet
Velocities at R =5x10°m and g,= 100 W/cnm compared wittConstantProperties
(CP) andVariable Properties (VP)
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