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Abstract:This study numerically investigates a double pipe heat exchanger with triangle and rectangle rib. The
simulation is performed using ANSYS package, considering turbulent flow and k-e turbulence model. The working fluid
is water in both tube and annulus and the flow arrangement is counter flow. The results show that, the heat transfer of
triangle rib and rectangle rib are higher than that of normal DPHE and as the Reynolds number is increasing heat transfer,
coefficient of heat transfers and Nusselt number are also increasing. Triangle rib has thermal performance factor of 0.9786
at Re of 40000 and rectangle rib has 1.0290 at Re of 30000. Furthermore, total heat transfer of DPHE with triangle rib is
33% better than normal DPHE at Re of 40000 and that of rectangle rib is 45%better at Re of 40000.

Key words: Rectangular rib, triangular rib, ANSYS fluent and Thermal Performance.

INTRODUCTION

Energy is core to the sustenance of man, the more the activities of man, the more the demand and consumption of
energy [7].

Heat exchanger (HE) is a common industrial equipment that can move heat energy from hot region to cold region
without the two medium mix together [35]. This thermal equipment consume energy which is a challenge [32].
Efficient heat exchanger is achieved by which is only possible through active and passive method [6]. Modification
of HE geometry is key to improve its performance, efficient and energy conservation [5].

Double pipe heat exchanger (DPHE) frequently used in refinery and other large chemical process industries
because of its suit high pressure application [23]. Counter flow Double pipe heat exchanger (CDPHE) is consist of
two concentric circle and it’s widely used in industry because it is easily maintaining, occupy small space, low-cost
and easy to manufacture [29]. The flow of the streams is in opposite direction [27] [14].

Different method has been employed and numerous ideals have been introduced in other to improve the
performance and efficient and effectiveness of DPHE.

DPHE is used in chemical, food, gas industries [24], heating or cooling fluid and evaporation or condensation of
vapour or stream [22] and thermodynamic vent system (TVS) [18]. The result of these could be to remove heat or
regain it, purify liquid or separate it [3].

Zare experiment both counter flow (CF) and parallel flow (PF) and find out that CF transfer heat more efficiently
than PF at the same flow rate. He also discovered that in a way, DPHE control environmental pollution [35]. Sajid’s
work also confirmed it and noted that Straight tube CDHE's effectiveness is 7-10% more than helical coil parallel flow
HE. Using outward helically corrugated tube with inner diameter 20mm and shell diameter 38mm are dimension
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which highest HT coefficient, and a low pressure drop [34]. However, corrugated tube [4] and baffles attached to
annulus [10], [26], split longitudinal fins (SLF) [9] on the annulus side, helical fins [13] or fins generally [15 and [20]
increase HTP and reduce pressure compared to the simple d. Also in way buoyancy effect is significant in the pseudo-
critical region especially at different pressures.

Generally, Khan discovered that the HE advances with the Re number [25] and reduces when Da number increases.
In case of porous medium [14] Da numbers, Nusselt number and Re number [8] have positive effective on HE
effectiveness [30]. Perforated self-rotated twist tape experimentally showed better thermal performance [36].

Nitrogen-doped graphene (NDG) [11] and Fe3O4 [21] [17] [16] [12] nanofluids enhance convective heat transfer
coefficient compare to water. TiO; increase the Reynolds number and Nusselt number. A1,O3-TiO; hybrid nano fluids
boost exergy efficiency [19]. This experimental result so that most nanofluids have a higher Nusselt number compared
to distilled water [31]. Therefore, when high Re is used with nanofluid more power is need but if the Re is low then
pressure drop will be low also power needed [22].

Experiment and CFD simulation of DPHE using fins at different angle (0°, 5°, 10°, 15°, 20°, 25°) was carried out.
It was discovered that heat transfer rate increase from 1494.75 W t01920.05 W and overall heat transfer coefficient
(734.58 W/m? °C to 1570.46 W/m*C as the fins angle increase from 0° to 20° but beyond this angle both heat HT rate
and overall heat transfer coefficient decrease [23]. Circular fin of height 2mm to 3mm also increases HT by 36% and
30% for any fluid [29]. Up to 22.3% increase in heat transfer were discovered in a DPHE when the tube was made to
rotate, varied from 0 to 500rpm and eccentricity 0 t0 40mm [2]. Vibration of the tube also improve heat transfer [28].

PHYSICAL MODELS

The purpose of this numerical simulation is to check the effect of rectangle and triangle on the tube of DPHE. The
introduction ribs to DPHE affects the pressure distribution in the shell (annulus) which affect heat energy movement
within the device [ 29 — 35]. The configurations of rectangle rib and triangle rib in DPHE are shown in FIGURE 1
below. The effect geometric on thermal performance other fluid properties were numerically investigated. The details
of DPHE is: the annulus inner diameter D, = 20mm tube outer diameter D; =10mm and DPHE length L = 200mm.
The thickness (h) and length along the tube circle of tube (t) are h = 0.5mm and t = 1.85mm respectively.

Water at 20°C flow on the annulus side and water at 5°C flows in the tube side in opposite direction. The parameters
of the modelled were kept constant throughout the simulation so that all the values of dimension new geometry are
the same except the use of rectangular and triangular rib. The material of the HE parts is copper and its thermal
conductivity is 120 W/mk.
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FIGURE 1. (a) Triangle rib of DPHE( b) Rectangle rib of DPHE ( ¢) geometric of DPHE

(d) Schematic of considered DPHE with rectangular and triangular rib on the tube

Mathematical Model

The working fluid is water with constant physical, chemical and thermodynamic properties. The fluid flow is
turbulent and is considered steady-state case [10]. In line with the pre mention properties and dimension, fluid and HT
equations are solved numerically considering properties of water at the specified temperature. A standard k— turbulent
and standard wall function were used to analyze the flow [29]. The equations below were solved.

Governing Equations

Continuity equation:

dows

P =0 (1)
Momentum equation:

e (e 2) o

Energy equation:

ou; a i\ T

= Pt wn)an Q

where p = fluid density; u = velocity, T = temperature and p = pressure. v = kinematic viscosity and Pr = Prandtl
number, subscript t refers to turbulent flow.

The transport equations in the standard k -e model are given below:

Turbulent kinetic energy k equation [36 — 37]:

due _ 0 v Yok ) | p_
a_xi_ axi ((v+ O'k)axi>+ F € (4)

Turbulent energy dissipation € equation:

duie _ 0 ( v t) ok £?
Ox; o 6xi< vt ok / 0x; + ClFE €2 k++ve (5)
where I' = generation of turbulence kinetic energy k due to the mean velocity gradients and is given by:
_ 0y _ ou; auj ou;
nasl' = wu, o Viurb <6xj + ox.) ox; (6)
The turbulent kinematic viscosity is:
k2
Vturb = Cp? (7

The empirical constants for the realizable k e turbulence model are [10]:
c2=1.9; o6x=1.0; C; = max [0.43,u/(u+ 5); 6. = 1.9
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Required equation

Re = 2rme ®)
Fanning friction factor
275
Cr = Q)
Darcy friction coefficient
24
f=ri (10)
D m
f=00014+—2 (11)
Nusselt number
Nu ==t (11)
_ 4
h = —— (12)

Thermal performance factor (1) is calculated as:
033

y =N/, yand (/) (13)

TABLE 1. Thermal properties of water

Water 20°C
(&
Dynamic Viscosity 0.0010005Pa-s
Kinematic viscosity 0.0000010023m?/s
Thermal conductivity 0.607
Density 998.21kg/m?
Prandtl number 7

Domains Definitions, Grid Independent Study and Boundary Conditions

Three arrangement or configurations of DPHEs are simulated. The first is simple used for validation secondly
triangle rib was attached to it and lastly rectangle rib was used to replaced triangle rib. DPHE has three computational
domains for easy simulation and two domains are water (inner tube and annulus side) and one solid domain (walls).
A 3D of DPHE was model, drawn with Space-claim and simulated with ANSY'S considering flow inside as turbulent.
The software was used to study the flow pattern in DPHE. FIGURE 2 shows XY geometry view of DPHE with triangle
rib.

FIGURE 2. DPHE with triangle rib

The models were meshed and the method used was tetrahedron using the patch conforming algorithm as shown in
FIGURE 3. The study of simulated 3D model conducted in ANSYS fluent reviewed the turbulent flow pattern of
water in DPHE. FIGURE 3 shows the meshed rectangular rib of the tube of DPHE [38 — 39].

In order to have correct numerical results, the grid independent study was carried out for different elements.
Meshing were done in such a way that four grids were obtained, simulated and optimized (A = 158513, B =230073,
C =344694, and D = 598774 elements). It was found that the theoretical Nusselt number using Gnielinski—Petkhove
formula and that of C are almost the same compare to other. Also looking at their rate of HT C and D are closed
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compare to others. The rate of HT between C and D is small compared to other. Therefore, C was used because of
time of simulation and accuracy. (see TABLE 2).
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FIGURE 3. The meshing of the heat exchanger

CFD software called ANSYS Fluent was used to solve the continuity, momentum and energy equations in
Cartesian coordinate system based on finite volume method. The simple standard k-e model was imposed in pressure—
velocity coupling with pressure-based solver. The energy and momentum equations are discretized using second-order
upwind scheme.

TABLE 2. Mesh Independence for L = 200mm Re= 5000

S/N Elements Nusselts Number Percentage Different
1 158513 86.3026 28.63%
2 230073 61.596 28.63%
3 344694 46.8277 23.98
4 598774 57.922 23.69
RESULTS AND DISCUSSION
Model Validation

Numerical results were validated by simulating simple DPHE and compared the thermo-hydrodynamic
characteristics of the simulated with the empirical results obtained by Gnielinski—Petkhove [29].

Flow velocity of water in shell side (hot water) was varied from 1.002 m/s < U, < 2.502m/s while that of the inner
tube (cold water) was always 0.5m/s below shell side. Hot water inlet temperatures were constant 20°C and Cold water
inlet temperature was constant also 5°C.

TABLE 3 below relate the numerical results from ANSY'S fluent and analytical calculations for turbulent flow of
water in DPHE. The simulation is validated by putting side by side the CFD data with the analytical results outcome

by Gnielinski—Petkhove [10]. Nu = 0.023Re%8Pr /3.
TABLE 3. Validation of Nu number and f factor

S/N Reynolds number Nusselt Number Correlation Factor
Gnielinski Numerical Gnielinski Numerical
1 20000 138 201.54 0.0067 0.0067
2 25000 165.24 244.27 0.0063 0.0063
3 30000 191.19 285.54 0.0060 0.0060
4 35000 216.28 326.51 0.0058 0.0058
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5 40000 240.67 366.65 0.0056 0.0056

Thermal Performances

HT in the shell side (annulus) and tube, Nussselt number, Reynolds number etc were calculated from the expression
result in ANSYS fluent. The boundary condition in ANSY'S fluent for pressure was such that the pressure drop is the
inlet pressure for both shell and tube because the outlet pressure for bother are zero [15].

The velocity streamlines in the annulus sides for rectangular and triangular tube ribs are shown below in FIGURE
4. The pattern of the lines shown that the flow area of shell (annulus) is small compare to simple DPHE while the flow
area in the tube is more than that of simple DPHE. The introduction of ribs has produced significant effect in flow
configuration which led to heat transfer enhancement even the same length of DPHE.

Veloci
o A ANSYS
1.971e+00 R19.2

1.478e+00

9.855e-01

4.928e-01

o o +2
a
= sys

FIGURE 4. (a). Velocity streamline of DPHE with rectangle rib (annulus side)
(b) Velocity streamline of DPHE with triangle rib (annulus side).
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Thermal Performance Factor (TPF) (n)

The heat transfer in the simple DPHE, DPHE with triangle rib and DPHE with rectangle rib in the annulus side
were compared as shown in FIGURE 5.the graph shown that HT is increasing along with the Reynolds number and
velocity. i for triangle rib is 29.26%, 31.76%, 32.33, 32.96%, and 33.21%, for a Reynolds number of 20000, 25000,
30000, 35000 and 40000 respectively and 30.73%, 29.57% 27.66%, 28.67%, 44.89 for rectangle rib. Therefore,
increase bust thermal enhancement on the annulus side. Temperature contours in YZ plain of tube and annulus are
shown in Figure 6.
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FIGURE 5. (a) Comparison of heat transfer in annulus side.

(b) Comparison of heat transfer in annulus side.
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FIGURE 6. Temperature contour of DPHE
The relationship between Reynolds number and Nusselt number is shown in FIGURE 7 below.
The graph shown that the increase in Re led to increase in Nu for both triangle rib and rectangle
rib.

400
350

300

250
200
150
100
50
0
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Reynold Number

Nusselt Number

B Normal M Triangular M Rectangular

FIGURE 7. Comparison of Nusselt number of DPHE
TPF (n) can be define as the ratio of Nu number ratio (Nu,/Nu) and the ratio of cube root of friction factor
{(£/D)"33} [6]. Thermal performance and fluid dynamic performance of simple DPHE was compared with the thermal
and fluid-dynamic performances of new geometric DPHE to check any improvement in heat transfer rate or thermal
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performance [1]. New geometry of DPHE showed a better performance in their thermal energy movement within the
device. FIGURE 8 depicts variation in TPF at different Reynolds number. TPF varied in the range 0f 0.9592, 0.09520,
0.9689, 0.9735 and 0.9786 for triangle rib and 0.9927, 0.9820, 1.0290, 1.0111 and 1.0214 for rectangle.

1.04

1.02

0.96
0.94
0.92

0.9

20000 25000 30000 35000 40000
Reynolds Number

[En

o
Yo
(¢

Thermal Performance

E Triangle M Rectangle
FIGURE 8. Thermal performance factor.

CONCLUSION

The new geometry has advanced the rate of HT in DPHE with the help of CFD (ANSY'S fluent). ANSYS fluent is
used to determine the thermo-hydraulic behaviour of DPHE with the introduction of triangle rib and rectangle rib tube.
The HT is increase due to ribs. The outputs of this study show that heat transfer is enhance by 33% with the use of
triangle rib and 45% with the use of rectangle rib. Triangle rib showed the highest thermal performance of 0.9786 and
rectangle is 1.0290. It can be concluded that rectangle ribbed heat exchanger has better performance compare to
triangle rib. However, thermal performance factor of DPHE with rectangle rib form a sine curve and this shows that
for every two or three consecutive increase in Reynolds number or speed there will be a peak value of thermal
performance factor which is not always correspond to the highest Reynolds number or speed of flow. Therefore,
further study can be done on it for fine out the physics behind it.
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