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—  Heat Recovery systems (HRSS)

Extensive literature reviews —+— Hybrid Heat Recovery systems (HHRSS)

—  Thermoelectric Generators (TEGS)



Numerical Studies

0 PhD objectives

Suggesting a new design for heat recovery system with Vortex Generators (VGSs).

Performing numerical and parametric studies on four different cases of the
presented design using Ansys Fluent.

Applying the design on a heat recovery application to study its economical,
environmental, and social impacts using the openLCA software.

Replacing the VGs in the best design we obtain by TEGs.

Replacing the tube of the concentric tube heat exchanger by a flexible TEG.



PhD objectives __—

Objectives

» Tremendous literature reviews on Energy Recovery Systems.
» Effect of vortex generators on heat transfer, to define the enhancement of heat transfer that VGs offer.

» Employing TEGs as VGs in CTHE of the optimal design, to study the power generation TEG may generate.



rgy recovery in air conditioning systems: Comprehensive Review,

Classifications, Critical Analysis and Potential Recommendations.
Rima Aridi, Jalal Faraj, Samer Ali, Mostafa Gad EI-Rab, Thierry Lemenand,
and Mahmoud khaled Energies, vol. 14, no. 18, p. 5869, 2021.

2. A Comprehensive Review on Hybrid Heat Recovery Systems: Classifications,
Applications, Pros and Cons, and New Systems.

Rima Aridi, Jalal Faraj, Samer Ali, Thierry Lemenand, and Mahmoud khaled,
Renewable and Sustainable Energy Reviews, vol 167, p 112669, 2022. Impact factor:
14,985 Rank 1 out of 44

3. Thermoelectric Generators for Power Generation: Applications, Heat Recovery
Methods, and Challenges.

Rima Aridi, Jalal Faraj, Samer Ali, Thierry Lemenand, and Mahmoud khaled, Electricity,
vol.2, no. 3, pp. 359-386, 2021

» Heat Recovery systems are must in

—
all applications
« Hybrid Heat Recovery Systems are
highly used especially with TEG
 TEG Is promising

« TEG was mainly used with HE
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Four different cases under study




: eynolds Number (Re)

kvl
Re = 2 e
U %
p is the density of the fluid (kg/ m3) u is the velocity of the fluid (m/s)
L is the linear dimension (m) u is the dynamic viscosity of the fluid kg/m.s
v is the kinematic viscosity of the fluid (m?/s)
laminar flow
-
-
Re < 2000 the flow is said to be laminar =
= -
il
2000 < Re <4000 the flow is in transition turbulent flow
. <
C e _——7
= S —— s

Re > 4000 the flow is said to be turbulent
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~ Numerical’ Achievements
P

U/UOQ overall heat transfer
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htube
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hannular

g/g0 heat transfer ratio that quantifies the enhancement in heat transfer when

adding VGs to the empty design
q= m'Cp-(Ti W To)

TEF Thermal Enhancement Factor quantifies the relative enhancement in heat
transfer to the increasing in pumping power

q ' '

= /CIO with P/ — (APpy, .1y + ARy, . 1Mey)
P/P Po (APhW,o -mhw,o T APCW,O -mcw,O)
0
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Temperature profiles of case 1 for Re, , =2000 - Re_, =8000.
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Temperature profiles of case 1 for Re, , =8000 - Re_, =2000.
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Velocity profiles of case 1 for Re, ,, =2000 - Re,,, =8000.
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Velocity profiles of case 1 for Re, , =8000 - Re_,, =2000.

Velocity.Lambda 2

33.33
- -0.00
r -33.33

r -66.67
r -100.00
F -133.33
r -166.67
- -200.00
# -233.33
- -266.67
 -300.00

F -333.33
[ -366.67

-400.00
-433.33
-466.67

-500.00
[s"-2]

19



v | 0.04

20



Diameter of the tube (y direction) (m)

Second year work

0,028
0,026 -
0,024 4
0,022 4
0,020 4
0,018 4
0,016
0,014 4
0,012 -
0,010 4
0,008
0,006 -
0,004
0,002 -

0,000

| —#— Case 1 Re,,=8000 Re,,=2000 - interface_tube_annular

—@— Case 1 Re;,=2000 Re,,=8000 -~ outer wall

| —A— Case 2 Re,,,=8000 Re,,,=2000

=¥~ Case 2 Re,,=2000 Re_,=8000

1 =@~— Case 3 Re,,,=8000 Re_,=2000

—«— Case 3 Re,,=2000 Re,=8000

’ | ; | ; | A |
50 100 150 200 250
Length of the tube (z direction) (mm)

21



Second year work

2,4
—8— Case 1 Re,,=8000 Re_,,=2000
—&— Case 1 Re;,,=2000 Re_,,=8000
2 2 -| —&— Case 2 Re,~8000 Re,,=2000
—v¥— Case 2 Re,,,=2000 Re_,,=8000
—&— Case 3 Re,,=8000 Re_,,=2000
2 0- —< Case 3Re,,=2000 Re,=8000
1,8 A
(@)
=
D 1,64
1,4 1
1,2 H
*‘ AN //\ A
] AN N N %
- | " | o | i | v |
0 50 100 150 200 250

Length of the tube (z direction) (mm)

22



Conclusion
 VGs enhance heat transfer in all the three cases.
* Turbulence in both regions not just one region.

« Having vortices in hot region and turbulence in cold region is the optimal case for this study.

High turbulence

High vortices

High turbulence
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