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ABSTRACT

Heat transfer enhancement is by far an important component in the design of numerous
industrial applications of Tayle€ouette flowincluding electric motorand particularly rotating
machinery.To optimize the performances of these machirsegeriorknowledye of the fluid
flow is vital to better estimattine heatransfer distributionThis study will specifically consider
the effectthe slit number and width possess on the distributianrbiulent TaylorCouette flow
and the resultingheat transfer correlation in the annulus of two concentric cylinders under
varying conditions. A numerical simulation method is intended for the study using varying slit
structure parameters ofi d t h sw @ 725) nam a@dfitted with 6, 9 and 12 number of slits
The slit effectis theninvestigated under both isotherm and +gothem conditionsconsideing
the interaction between fluid flow regions in the mainstream area and the annulus. The small
scale votex that @pears in the annulus regionproves the heat transferability between the fluid
in the annulus and thmain region as well ahe heat transfer performance of the moslgh a

gradual increase in Reynolds number.
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INTROUCTION

The forced convective heat transfer and turbulent problem in the annulus located between
two concentric cylinders which both or one of them are rotating, hagatesmegineering
applications in industry, such as cooling of rotating machines, treatments of liquid metals,
rotating tube heat transfer, chemical vapor depostiwh nuclear reactors, etdrgith, 1968
Singer 1984 Vivés 1988 Selimefendigilet al., 2014) Besides these practical concern, this
configuration model has a significant classical problem in heat transfer and fluid flow. A lot of
studies conducted by researches, observed in this flow model, has extensive information which
accumulatd in literature along past years, for which a good review articles about the state of the
art of fluid flow and heat transfer between concentric rotating cylindersaaveavailable (see
(Fénotet al., 2011¥or more information about this topic). The cemional industrial coolants
like water, air, oils etc., they have less performance of heat transfer in most engineering
applications, that returns to the low thermal conductivity of these types of fiedse, it could
be find many experimental and numcal investigations research in direction of the developing

configuration geometrieig the thermal systems to enhance heat transfer performance

The flow dynamics and heat transfer in annulus between two concentric rotating cylinders
without axial flow is recognized with Tayle€ouette flow.In rotating machineries, a perfect
knowledgeaboutthe hydrodynamics and heat transfer characterjgbcsvhichrequired togive
a good predictof the heattransfer distribution and thus to optimize tperformances othe
machine partsDuring the operation of sormechanical and thermal systems, the temperature is

arising to alarming rates. That makes a negative effect on the manufactured materials, can be led
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to mechanical dilure or thermoplasticizatn. These type of problemmotivate several
researchers to study how to get @mhancéheat transfer in cylindrical annulus gap flow between
two concentc cylinders. For instance,ele and Minkowycz (198%xperimentally investigated

the heat transfer chacteristics in annulus between two concentric cylinders, in the presence of
grooves on the wall of inner one. They found from their results, the grooves on the wall of
rotating inner cylinder can increaseO ( Nusselt number) than over the @mth cylincer.
Hayase et al. (1992)umerically analyzed the flow dynamics and heat transfer characteristics in
Taylor-Couette model with neemooth cylindrical gap, in which slotted wall. They observed
that the cavities which are embedded in the inner cylinderhas# an influencea enhance heat
transfer.Also, according to a study Hdyopez et al (2015)which consideredhe distribution of

the flow field under diférent flow conditions. It was reveal#tht the axial length of the model,
ring gap widthd, Rayleigh, and Reynolds numbédravean important influece on the flow field

rotation and thermal behavior

In turbulent TaylorCouette flow regimet could be find many studidsave been conducted
by both experimentally andumerically investigabns (Gollub& Swinney, 1975, Alziary&
Grillaud, 1978) OstillaMonico et al. (2014xarried out workin which used direct numerical
simulations (DNS) to explore Taylor Couette flow in a fully turbulent flow state. The study
showed that the flow field from the turbulent Tayl@ouette flows to the fully turbulent flow is
influenced by factors such as the modeleaspatio, speed, and radius.the form of \ shape
walls grooves on the inner awdter cylinders, Zhu et al. (2016aveinvestigated numerically
turbulent TaylorCouette flow. They postulated an importaninterpretation that state the

relationship betwen the momentum transport and the existence of the wall grd®sesral



Journal of Engg. Research Online First Article

other authors have delved into the Taylor numBef (by increaseor decrease it, might be there

is effect resulting in flow evolutioand heat transpofColes, 1965Serreet al., 2008)

Moreover, experimental and numerical studies of slits @aifigurationgeometry influence
on flow distribution and heat transfer within a Tayldouette systeprhave surged due to the
importance ofncreaseheat transferatewithin a cylindricalannulusgap Thestudy by Jeng et
al. (2008)aimed at determining the heat augmentatiothe annulus gawith an inner rotating
rib roughness cylindeiThe resultsshowedthat the cylinder ribbed surface improved the heat
trandger compared to the plain moddliu et al.(2015)numerically probed into the effect of the
introduction of the slit on the heat transfer in the Taytmtex flow. The results from theivork
revealed a 14.2% increase by calculating the heat flux genergtéue bl2slit model inner
cylinder, and this model has a better heat transferability in comparison smti@thmodel.

The turbulent TayloCouette flow in slit model was numerically studied Liu et al.

(2019) the result showed the velocity in thet gliea is consistent with the change of wall shear
force, but the heat flux is oppositexperimentally, a study by Nougt al. (2017)investigated
the effect of the presence of slits on heat transfer and pressure drop in a concentric cylinder. The
resultshowed correlations for the Nusselt number, and the pressure drop in terms of the axial
Reynolds number, the Taylor number, the number of slits and the slit aspect ratio influencing the

heat transfer ability of the system.

Among the above resedes, the complexity of cylinders walls structure and heat
generation in the annulus region in most engineering proktesesmakes the flow within the
annulus contrary to that of the plain wall. The effect of slit wall has been noted in some literature
but in the authordéds knowl edge, a systematic

field distribution and heat transfer performance has rarely been factored. This ealdidered
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by analyzing the heat flow characteristics in a turbulent Tegtmrette model under both
isothermal anchonrisothermal configurationg\lso, the influence of the sinumbes and width

of the respective models on convection field distribution and heat transfer augmentation is
investigated to provide a reference foe tdesign and optimization of related rotating machinery

in an attempt to solve the engineering problem. Results from the study generally predict an
increase in the heat transfer performance of the model when bethustiber and the average

Nusselt numbeincreases.
CALCULATION PARAMETERS AND MATHEMATICAL MODEL
MODEL DESCRIBTION

The schematic diagram of slit model is shown in. EigThe inner cylinder has a radiusrof
=33mm and the outer cylinder has a radiusr@40mm. Hence, the gap between the two
cylinders isd =7mm. The length of the cylinder Is=336mm.The heat transfer areas thfe
different models are the same, which ensures that the heat transfer process of the models is not
affected. The definition of thequivalent diameter of the two concentric cylinder model is:

D = 2[,0([’22- r12) 'HWp] (1)
" p,+r) Ap

The formula of the heat transfer area is:

A=L 2o Zm ) (2)

This paper researeb the effect of slit width W) and thenumber of slits ) on the
distribution of flow field in the model with the same heat transfer area under various operating
conditions.Fig. 2 shows the diagram of the seriessbf models used ithe simulation. When the

influence of the slit width on the flow field disttibon was investigated by simulation, the slit



Journal of Engg. Research Online First Article

depthp = 5mm and the number of slité =9 were kept constant with varying slit width models
w = 2.5mm, 3.75mm, 5mm, 6.25mrand 7.5mm. On the other hand, to deterntiteeeffect of

the slit numbem on the distribution of th flow field, the slit widthw = 7.5mm was kept

Inner Cylinder

Outer Cylinder

constantand the number of sliftd = 6, 9, and 12vere varied and studiedspectively

Figure 1. The slit model under investigation.

0/0.0.0.0.

Ta b T c T e

(f) (9)

Figure 2. The diagram of the slit mod&) w=2.5mm; (b) w= 3.75mm; (c) w=5mm; (d)w =
6.25mm; (e)w =7.5mm; (f) N=6; (g) N =12
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NUMERICAL METHODS AND BOUNDARY CONDITION

Girimaji proposed a turbulence bridge model betwieRANS model and DNSPANS
(Partially-Averaged NaviefStokes method) to capture more flow field details when the flow
regime isturbulent(Girimaji, 2006) The smooth transition of the turbulence mofiem the
RANS method tathe DNS method can be realized by changing two filtering parameters: the
unresolved turbulent kinetic energy tefimand the unresolved turbulent dissipatigemf .Jhis
paper modifies the standakdJmodel as PartialhAveragedNaiverStokes methodthe standard

k-Cturbulence model is as follows:

The Vortice viscosity equation:

k? ©)

The turbulent kinetic energy equation:

Hoe Mok =B KNP i )
NAASHEY wﬂ ) %%‘ t Gt Fg S
The turbulent dissipative equation:

e ()

u H _ e ?
LBt me=lt o afe el g agTs

The variables used in the equations above are defined as follows:
€ ;tVortice viscosity coefficient

}; density of the fluid
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k; the turbulent kinetienergy term

{ turbulent dissipative term

Ce, C1 pC mand G pthe empirical constan€e is 0.09;C1 is 1.44,C> s 1.92;Cs is 0.99
Gy, Turbulent kinetic energy generation term duéhetime-averaged velocity gradient
Gp; Floating Liftinducedturbulent kinetic energy generation

S andS ldre source term

tkd k Corresponding PrandNumber Uk for 1.0

d® UCorresponding Pranidiumber dgfor 1.3;

With standardk-Ucompared with model PANS Modelmainlyto coefficient C, sand Prandt

Numberdy, Uprevises

. i (6)
CZE zcle-lTK(CZ e Q)

O f2 2 (7)
Sw = %f—' & = égf_

e

)

The model is classified as a RANS modéien fx = fg= 1.0 However, & fx decreases
graduallythe model transieato the DNS model. In this paper, more changese flow in the
annular gap wre captured by the PANS model which was modified by the So#wrluent.

PANS model wadbuilt for this study based on fluent software for more subtle flow field
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changesThe rotating axis of the inner cylinder is theaxis with a stationary outer cylindefhe
radial temperature gradient is considered in this pdperefore, the upper and lower walls are
set as static insulation surfaces. The temperature of the outer cylinder and the amBt€ are
while the temperaturand speed of the inner cylinden the other handlepends on the working

condition.

The flow field distributionand heat transfeof two concentric cylinder annulus was
numerically simulated by the commercial software ANSYS Fluén®. The turbulet Taylor
Couette flow was numerically simulated by usangressurdased sermimplicit solver to obtain
the coupling equations of pssure and velocitySIMPLEC algorithm wasadopted for the
solution method anthe seconerder upwindschemeor the pressureturbulent kinetic energy
and the turbulence dissipaticQUICK format on the other handyas used for theonvective

terms
VALID ATON OF NUMERICAL SIMULATION

Tachi banads e x @ahibamadat) wds usedoinvaidating the applied
PANS model in thesimulation which is shown inFig. 3. The radii of the inner and outer
cylinders are fixed at 1220mm and 160mm respectively with an axial dimension of 210 mm. The

temperature difference between the inner and anyiemders is 268 with a working fluid of

water. The empirical equation of the averaged $&ls number isNu=0.42 T& Pf¥* The

formulas of the Nusselt number and the Taylor number at the inner cylinder are:

2hd 2Qd 2qd (8)

Nu= =
/ (Tln - Tout) Al o
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9
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n I

In the formula,h is the overall heat transfer coefficieht= Q/qpT; @& is the annular gap

width; A is the inner wall surface areae-is the thermal conductivity of the fluidgpTis the

temperature difference between the inner and outer cylinder surépdesTin- Tout; g is Wall

heat flux;3 is the dynamic viscosity is the circumfereml speed of the inner cylinder, ands

the radius of the inner cylinder.

r~120mm

r,=160mn

L=210mm

Figure 3. Simulation mesh model.

The distribution of the averaged Nusselt number at the inner cylinder obsétliagarying

inner cylinder rotating speed$00rpm, 200rpm, 300rpm, 400rpm, and 0. The simulation

results were compared with the experimentae s ul t s extracted from

(Tachibana 1960Q. It can be understood from Fig. 4 that whigndecreases gradually, the

numerical simulation results and the experimental solutions are slightly close. Hence, the effect

of fx on the heat transf@rocess gradually becomes larger when the rotating speed of the inner

cylinder increases.
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When the rotation speeds are 100rpm, 200rpm, 300rpm, 400rpm, and 500rpm, the difference
beween the numerical simulation results and the experimental redulte fx = 0.3 PANS
model are 4.0686, 0.815%, 3.147%, 3.385%, and 4.498% respectively. The simulation
results are nearly consistent with the experimental results. The accuracy of the numerical
simulationwas thus confirmed since bothe numerical simulatioand experimentalesults of
heat transfer performance in the alusuvere found to be in good agreemefihe validated
PANS method wouldhenbe applied in the heat floeharacteristicstudy inthe differentslit

wall models.

—®— Experiment data of Tachibana
—®— Simulation data of PAN§=0.3

2801 —®— Simulation data of PAN§=0.5

—®— Simulation data of PAN§=0.7

2604
——®— Simulation data of standaldemode

240
2204 °
200

180

Nu

160
1404
120

100

80

T T T T T T T T 1
20000 40000 60000 80000 100000
Ta

Figure 4. Distribution of the averaged Nusselt number at the inner cylinder with different
rotating speesl

RESULTS AND DISCUSSION
Numericalsimulationsof fluid flow and heat transport in Tayk@ouette model is conducted

in this work with the following variety of parameters;

Working fluid : water with constant properties

11
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Reynoldsnumber (Re) . 2000 2 A 5000
Slit width (w) : 2.5,3.75,5,6.25, and 7.5 mm
Number of slits (N) : 6,9, and 12

Resuts and discussion recorded hengghlight the influences of width and numbers of slits at
different values of Reynolds numbers on thermal characteristics behavior and flow field, with

taken into acount temperature gradient effects and without it.

Mean Isothermal Flow Characteristics

Figure 5 graphically presents the tdimnensional velocity field distributiowith different
slit width models under the isothermal conditighfough constant magnitude of Reynolds
number(Re, = 2000, that under isothermal conditioit was observed thahe Taylor vortex
gradually deforms as the slit width increases. The influence of the fluid in the mainstream area in
the slit gradually becues larger and the entire flow field tends to be disged.To explain this
phenomenon, thB - Z plane annular middleR] = 0.5) of the radial velocity distributian Fig. 6
was extractedThe change in the slit width is noted to have an obvious influence on the radial
velocity distribution. Also, the radial velocity extreme value increases with an increase in the
width of the slit resulting in a higher absolute value of positive radialcitglthan the reverse.
The absolute value of the radial velocity is largely related to the slit width increase.
Subsequently, it is observed that the jet wall strength between the inner and outer walls increases

and becomes stronger than the reverse.

12
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Figure 6. Radial velocity distribution of different slit width models along the axial direction.

The distribution of wall shear stress, turbulence intensity and radial velBCityQ.5) near
the inner cylinder surfaceR(= 0) of thew = 2.5 mm modehreshown in Fig.7. The velocity
periodically changes along the axial direction with the maximum radial velocity of the forward
direction been greater than the minimum radial velocity of the opposite direction. This indicates

that turbulent TayleCouette flow is the product of the periodic action of the strong out wall jet

13
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and the weak inflow jet. Also, the turbulence intensity and the wall shear stress at the inner
cylinder surface are at the minimum in the position of th&imam radial velocity. This is
because the area with the largest radial velocity exhibitsstitmmgest outflow jet intensity.
Hence, there is a tendency to break away from the wall surface when the fluid near the inner
cylinder is affected by the out waéit flow. This will cause the wall shear stress exerted on the
fluid in the wall surface to become small&he kinetic energy of the fluid in the annulus can as
well be associated with the rotating inner cylinder. When the fluid near the wall surfaks bre
away from the cylinder, the interaction between the cylinder and the fluid lessens. Also, the
kinetic energy transmitted from the inner cylinder to the fluid near the wall is smaller which
implies a smaller turbulent intensity at this position. It barconcluded that the rotating cylinder
exerts a wall shear stress on the fluid near the cylinder and also transmits kinetic energy to the
fluid in the annulus through the wall shear stress.

—=— Radial VelocityR'=0.5)

—a— Wall Shear Stre¢B =0)
—o— Turbulence IntensityR =0)
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Figure 7. Distribution of the wall sheatressiurbulence intensity and radial velocity along the
axial direction Re; = 2000).
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Fig.8 shows the radial velocity at the middle position of the annulus, the turbutgansity
of the fluid near the inner cylinder and the maximum value of the wall shear stress of the five
values ofReynolds numbef(Re, = 2000, 2884, 3768, and 468&spectively. The result shows
that with an increase in Reynolds number that makies;adial velocity, turbulence intensity
and wall shear stressill increase. Thus, as the Reynolds number increases, the difference
between the individual models gradually increases too. inkisates that when the Reynolds
number increases, the intensity jef flow between walls becomes higher. Turbulent Taylor
vortexis noted to be the mode through which the jet kinetic energy is dissipated from a rotating
inner wall into the mainstream. Therefore, an increase of the Reynolds number will enhance the
jet vortex, promote the radial movement of fluid in annular and as well lead to the increase of
turbulence intensity in the middle of the ring gap posit®imilarly, the fluid and wall friction
near the inner wall intensifygausng an increase in the wall shear force near the liquid. The
result shows that when the Reynolds number increases, the convection intensity between the
inner and outer walls becomes stronger. Furthermore, an increase of the slit width strengthens the
effect d the vortex on the jet flow betwedine inner and outer walls, leadingagradual impact

on the distribution of the convection field.
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Figure 8. Distribution of radial velocity, shear force and turbulence intensity at different
Reynolds numbers.

Silt Number Effect on Isothermal Flow
Figure 9 shows the velocity vector distribution of the model with the slit width w of 7.5mm
and the number of slits 6, 9, and 12 respectjwghenRe, = 2000. As shown in the figure, when
the number of slits ireases, both the axial size of Taylor vortex in the mainstream area and the
nearwall smallscale vortex decreases. Since the-pexiods of the three models are the same,
an increase in the number of slits results in a gradual decrease in the slj.ddptsmakscale
vortex of the slit area will then have a greater effect on Taylor vortex in the mainstream area

causing slight turbulence in the Taylor vortex.
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(a)N=6 (b)N=9 (c)N=12
Figure 9. Distribution of velocity vectors with differersiit number Re; = 2000).

Mean Non-Isothermal Flow Characteristics
Fig.10 shows the velocity vector distribution of tR& plane for different slit width models
with Re; = 2000. When the width w of the slit is 2.5mm, Taylor vortex shape in the annulus is
more regular, but when the width of the slit increases, Taylor vortex gradually deforms, and the
result shows a similarity to the isothermal condition. Also, when théhvailthe slit increases,

the flow field tends to be disordered.

To analyze the effect of slit width on the distribution of the anrfidar field, the vorticity
distributions of the five modd®-Z planes are extracteds shown in Fig. 1, the slitwidth has a
significant influence on the vorticity distribution. When the slit width gradually increases, the
annulus flow field gradually shifts from relatively stable flow fieldo a turbulent flow field.
Also, when the width of the slit imeases, the smadicale vortex strength of éhslit area rises
significantly. The area affected by thus becomes larger, resulting in a more fluid exchange
between the mainstream area and theasét. Thanain vortex and the smadkale vortexare
noted to directly affect each other. Henicea Taylor vortex pairthesize difference between two

adjacent vortexes becomesgar with a disordered vortex shape as well
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(a) (b) (©) (d) (e)
Figure 10.R-Z plane velocity distribution for different slit width models
(@)w=2.5mm; (bw = 3.75mm; (cv = 5.0mm ;(d) w= 6.25mm; (ew = 7.5mm.

(@) (b) (© (d) (e)
Figure 11.R-Z plane vorticity distribution in different slit width models
(@w=2.5mm; (bw = 3.75mm; (cw=5.0mm ;(dw = 6.25mm; (ew = 7.5mm.

Velocity Field and Heat Transfer in The Slit Area

Fig. 12 shows the velocity and temperature distribution of the Taylor Vortex in the middle
(Z3) slit area. Generally, the two extreme regions of temperature are consistent with the two

extreme regions of velocity. This indicates that on the left side of the slit, the fluid in the

18
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mainstream hits the wall and forms a hig¥ocity region, resultingn a better mixing and heat
exchange between the hot and cold fluids. The velocity of the fluid in the slit is gradually
reduced by the viscous force between the fluid and the friction force of the wall along the
rotation direction of the vortex thus forng a lowvelocity area on the right wall of the slit.

Fluid velocity in the region is low and the intbwid mixing effect is also weakened due to the
mixing and heat exchange between the fluids before. As a result, the temperature of the hot fluid
gradudly decreases and approachiesthe temperature of the cold fluid. The temperature
difference between the fluid and the outer wall surface becomes smaller causing the heat
exchange to be weak bringing about a-lemperature zone at the location. It isatbthat the
distribution of the velocity field and temperature field in the slit area is the same. In conclusion,
the mixing effect and the heat exchange between the hot and cold fluid on the left area of the slit
is more severe. This is because the teatpeg difference and the fluid flow velocity between

the fluid and the wall are high.

Temperature
(N)

297.95
297.87
297.79
297.71 High temperature
297.63
29755

297.47 ‘ 0.03

297.39 0.025 |

297.31 0.02 '
29723 — \ - 0.015 I I\ )

297.15

Absolute Velocity
(m/s)

0.06
0.055
0.05
Low temperature 8-845 ‘
i .04 High velocity regia
region 0.035

Low velocity region

Figure 12 Distributionof temperature and velocity fields in the silt area
(Res=2000 w=2.5mm).

To further analyze the effect of slit width on teemation of smakscale vortices and their
strength, the velocity vector and velocity distribution of Taylor's vortex center posdtjpwére

extracted. As shown in Fig. 13, when the fluid in the mainstream region passes through the slit
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region, it is #ected by the inertial force and boundary layer detachment. This causes the fluid to
hit the left wall of the slit to form a smadkcale vortex which is consistent with the results under
isothermal conditions. Under the influence of the viscous forcedegtwhe fluids and the shear
force generated by the relative motion of the fluid and the wall surface, the fluid velocity
gradually decreases along the swirling direction of the vortex and-adimweity region appears.

The smallscale vortex energy in thelit area promotes the fluid exchange between the
mainstream area and the slit area. Therefore, when the area with low velocity value is large, the

exchange effect between the mainstream and the fluid in the slit becomes weak.

According to the cotlusion in Fig. 12, with a higher speed within the slit area, the mixing
effect between the hot and cold fluids and the heat exchange are more severe when compared
with the distribution of the velocity field of each model in Fig. 13. It is found that wheslit
width increases, the area with low velocity decreases significantly which is an indication the heat

transfer effect of the fluid in the slit area of the modled 7.5mm is the best.

Slit Wall Effect on Wall Shear Stress and Heat kix

In order to further explain the phenomenon that the velocity ofmhle7.5mm model is
significantly higher in the slit area, the distribution of shear forces on the \taNdl surface of
the slit of different models is extracted, as shown in Fig. bé. Shear force initially shows an
increasing trend and later decreases rapidly after reaching the maximum value. At the same time,
when the width of the slit increases, the shear force exerted on the fluid in the wall area gradually
increases. When extreme point appears at a deeper position in the slit, then the sptislepth
larger. With the increase of the width of the slit, theréasing trend of the shear force gradually
becomes smaller. According to the previous analysis, the fluid in the mainstream region hits the

left side of the slit to form a smadkcale vortex under the influence of the inertial force and the
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delaminationof the boundary layer which shows an increasing trend in shear Tdredargest
shear force is the point that the mainstream impact the slit wall. Due to the @efloémoth
friction betweenthe fluid and the wall and the fluid, the velocity graduallgcreases along the
rotation direction of the vortex. The results show that the fluid has a tendency to flow to the slit
while continuing to maintain the circumferential movement due to the inertia force and the

detachment of the boundary layer.

Absolute Velocity

m/
(m's) Low speed

(@) (b)

R ——— W 2
Impinging v 030 ¢]  Mainstream
R
wall S RN 2Ly region
L

; |~ Boundary layer
Impact point NN "l detachment point
‘

\\\\\\\
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Figure 13. Distribution of the velocity field in the slit area (a) w = 2.5mm; (b) w = 3.75mm; (c)
w =5.0mm (d) w = 6.25mm; (e) w = 7.5mngf) Slit flow field diagram.
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When the width of the slit increases, this kind of trend has a greater influence on the fluid.
The fluid impacts deeper in the slit, resulting in less velocity loss and greater fluid vefdbigy o
fluid in the slit area. The increase of the wall shear force with the increase of the slit width is
because when the width of the slit increases, the-$pgled fluid in the mainstream area has a
greater influence on the slit area, resulting in tledfstriking the wall at a greater velocity.
Since the mainstream fluid of the model with a larger slit width hits the wall surface with greater
velocity, the impact point is deeper. The slit width is larger and the fluid in the slit area of the
model isexchanged more violently with the mainstream fluid resulting in a stronger fluid mixing
effect and heat exchange. Generally, whe 7.5mm model has the optimal heat transfer effect

among the five models.

Fig.15 shows the distribution of radial velocity, inner wall shear force, and maximum heat
flux density for different slit width models at rotational Reynolds nuntd&rof 2000, 2884,
3768, and 4682 respectivelWhenthe Reynolds number increases, the radebaity in the
middle ofthe annulus, the shearing force of the inner wall surface, and the maximum heat flux
density tend to increase. Consequently, when the Reynolds number increases, the difference
between the three quantities gradually becomes laBgailarly, at different Reynolds numbers,
the three physical quantities increase as the width of the slit increases since the maximum value
of radial velocity and heat flux is strongest at the region of the outer jet. The radial motion of the
fluid also pomotes thermal convection between the inner and outer walls, the stronger
convection force between the inner and outer walls, the greater shear force between the fluid and

the wall, and the better heat transfer effect of the model.
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Figure 14.Distribution of sheaforce on wall surface impacted by slit width

(Re =2000 (T=23).

In summary, the increase in the rotational speed of the inner wall surface will make the
jet action between the inner and outer wall surfaces stronger, resulting in a stronger convection
strength of the model and an enhanced heat transfer effect wiotlied. Also, the heat transfer

capacity of the rodel gradually becomes stronger at a certain range with an increase in the width

of the slit.
Slit Number Effect on Wall Shear Stress and Heat Flux
To further study the effect of the number of slitstbe external wall shear forcthe wall
shear force distributions of the three modé&ls= 6 , 9 and 12 slithitting the wall surface wer
examined. As showm Fig. 16, whenthe number of slits increases, the position of the impact
point on the impact wiasurface becomes shallow, and the extreme value of the wall surface

shear force becomes large. This is because when the number of slits increases, -dwalemall
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vortices in the slit region are pressed in the radial direction, causing the collisidntgoin

gradually advance.
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Figure 15. Distribution of physical quantities at different Reynolds numbers.

When the impact point moves forward, the distance that the fluid in the mainstream region
moves to the position of the impact point becosteser causinghe velocity loss of the fluitb
besmaller. Therefore, the shear force exerted by the fluid on the wall surfamedselarge. fie
depth of the slialso becomes shallow as a resulthaffluid loss due to the viscous force and the
friction force decreasingfter the fluid moves against the wall surfathe higher speed of the
slit area, the better heat transfer capacity of the model. Therefore, increasing the nustitser of

within a certain range can enhance the heat transfer perfoeneéihe model.
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Figure 16. Distribution of wall shear forcef differentslit numbemodels

(Re; = 2000 pT=23 ).

Figure 17. Distribution of physical quantities in different slit number models.

25



