International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 SpeciallIssue = AMET=2019

Review on Metal Foam as Supreme Material for
Air Cooling Heat Exchangers

Roshani Patil, Vishal S. Shitole, Mandar M. Lele

Department of Mechanical Engineering, MIT WPU Pune, India. roshanipatil364@gmail.com

Abstract: Metal foam heat exchangers are a type of compact heat exchanger having large surface-area-to- volume ratio,
tortuous flow path, and relatively high thermal conductivity. They are being considered for a wide range of heat
transfer applications. Metal foam is a cellular structure consisting of a solid metal with gas-filled pores comprising a
large portion of the volume. The pores can be sealed (closed-cell foam) or interconnected (open-cell foam). High
porosity metal foams have interesting properties, such as thermal, mechanical, electrical. Such properties make them
attractive for various engineering applications. Metals foams with closed pores are already introduced as rigid and
strong lightweight materials. The open cell metal foam is suitable for thermal engineering application. The current
study reveals various recent advancements in the metal foam in order to enhance heat transfer capacity of heat transfer
devices in air conditioning such as condenser. Conventional Heat Exchanger with open-cell foam aluminum has many
interesting physical properties, such as low weight high specific surface area combined with relatively high thermal
conductivity. The air flow in the metal foams increase turbulence, it enhanced the heat transfer performance of heat
exchanger. Different modules of metal foam are designed based on numbers of pores per inch and the effect of the
number of pores is analyzed. Also the effect of pore density on heat transfer load and air pressure drop is reviewed. The
heat transfer load and air pressure drop increase with the increase of pore density. Higher number of pores and the
lower porosity presents the highest friction factor.
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l. INTRODUCTION process. Open cell metal foams are use in heat
exchanger to increase heat transfer rate. Also they can
be used in applications like energy absorption, flow
diffusion and lightweight optics.

Metal foams are made up different materials such as
aluminum, copper, nickel, or metal alloys. Metal foams
have application in different areas like Thermal,

Cryogenics, Orthopedics, Automotive, Energy absorption,
heat exchangers etc. Closed cell Foam is commonly manufactured by

injecting a gas into a molten metal. It is used as
impact absorbing material.

B. CONDENSERS:

2. Closed cell Foam:

Each type of condenser has its own unique application.
Some determining factors include the size and weight of
unit, weather conditions, location, availability of
electricity and water.

Selection of condenser type depends on following criteria:
e Condenser heat capacity

Condensing temperature and pressure

e Flow rate of refrigerant and coolant

e Climatic condition

e Operation period

A. TYPES OF METAL FOAMS:

1. Open Cell Foam: 1) Types of condensers:

Open celled metal foam is also called as metal *  Water-Cooled Condenser:

sponge. It is manufactured by power metallurgy Water cooled condenser generally of shell and tube type
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heat exchanger with refrigerant flow through the shell and

water flow through tubes. These condensers are widely
used in large heat capacity refrigerating and chilling
application.

e Air-cooled condenser:

Air cooled condensers find applications in domestic,
commercial and industrial refrigeration, air conditioning
system with common capacity of 20-120tons. The
centrifugal fan air —cooled condenser are used for heat
recovery and auxiliary ventilation application. Fan draw air
past the refrigerant coil and latent heat of refrigerant is
removed as sensible heat by the air stream.

Air-cooling heat exchangers widely use to dehumidify the
conditioned air for this it operates below dew point
temperature of air. Condensate collects on the surface and
is holding on surface by surface tension property. One have
to removed it by gravitational or air-flow forces. Overall
performance of the air-conditioning system is depends on it.
Presence Condensate affects the heat transfer and pressure
drop performance of system. Condensate removal is very
difficult in metal foam. Heat exchangers having a complex
geometry have huge concern of condensate removal.

Henk Huisseune, Sven De Schampheleire, conduct the
research on comparison of Metal foam heat exchanger and
conventional finned-tubes air-cooled condensers. The result
reveals that metal foam condensers with a higher number of
pores and a lower porosity presented higher heat transfer
coefficients..

Osada et al. conducted research on corrugated ~ multi
louvered fins  (shutter with horizontal slats) under
dehumidification. This experiment concluded that fin
geometry, wettability, and the characteristics of the airflow,
especially at the exit face of the heat exchanger were
important factors in condensate drainage. Thermal
performance of an evaporator gets influenced by coil
inclination.

Elsherbini and Jacobi developed a model for predicting the
amount of condensate retained as drops on the air-side of
heat exchangers operating under dehumidifying conditions.

Air-side condensate retention has an important effect on the
thermal-hydraulic ~ performance of compact heat
exchangers.

Hsieh et al.carried out an experimental study to characterize
the heat transfer behavior of several heat sinks made of
aluminum metal foams (height 60 mm) with different
porosity (0.87— 0.96) and PPl (10-40). This experiment
showed that the heat transfer load and air pressure drop
increase with the increase of pore density.

G. B. Ribeiro, J. R. Barbosa Jr.*, A. T. Prata This study
consists of an experimental analysis of the thermal-
hydraulic performance of micro channel condensers with
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open-cell metal foams to enhance the air side heat transfer
Three different metal foam samples were tested with
distinct numbers of pores per inch The heat transfer and the
air side pressure drop were observed to increase with the
number of PPI and decrease with increasing porosity.

Bhattacharya et al. provided analytical and experimental
results for the permeability and the friction coefficient for
aluminum foam. They represented the foam by a two-
dimensional array of hexagonal cells and proposed models
for the inertia coefficient and the friction factor.
Experiments covered porosities from 90 to 98% and pore
densities of 5, 10, 20, and 40 PPI. K increased with the pore
diameter and porosity, while the friction factor depended
only on the porosity. They used the Forchheimer equation
to describe the pressure drop in the foam, which was fully
saturated with air or water.

Boomsma et al. modeled the flow in aluminum foam using
a periodic unit of eight cells. The pressure drop predicted
by the model was 25% lower than values obtained by
experiment. This difference was reduced to 12% after the
wall effects were included in the simulation. The wall
effects were probably important due to the small size of the
foam sample (12 mm by 38 mm by 80 mm long). They
found the Reynolds number based on the pore diameter
more applicable than the permeability-based Reynolds
number for metal foams. The surface area controlled the
viscous drag, which was the dominant factor for the
pressure drop in the foam.

Kim et al. measured the heat transfer coefficient with air
flowing in three aluminum foams with 10, 20, 40 PPl and
The height of the specimen was 9.0 mm. The heat transfer
coefficient increased with air Reynolds number raised to
the power 0.426 and with the PPI.

Viskanta presented an experimental investigation to
characterize the volumetric heat transfer coefficient
between a heated air stream and ceramic foams (alumina
and cordierite), Younis and using a transient single-blow
technique. The heat transfer coefficient increased with air
velocity.

This paper covers various recent advancements and effects
of various parameters such as porosity pressure drop etc. in
the metal foam in order to enhance heat transfer capacity of
heat transfer devices in refrigeration and air conditioning.
The air flow in the metal foams increase turbulence, it
enhanced the heat transfer performance of heat exchanger.
Different modules of metal foam are designed based on
numbers of pores per inch and the effect of the number of
pores is analyzed. Also the effect of pore density on heat
transfer load and air pressure drop is reviewed.

II. PROPRTIES
A. Effect of Pressure drop:

One of the major criteria while designing a heat exchanger
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is Pressure drop. Power required is directly proportional to
pressure drop at any volumetric flow rate. This power
requirement should be minimized. To achieve this
objective, the heat exchanger design depends majorly on
pressure drop criteria. Metal foam heat exchangers have
relatively high pressure drop per unit length because of very
high surface-area-to-volume ratio.

The pressure drop phenomenon can be explained with
the help of different conditions as given below:

The open cell metal foam condensers were designed as part
of small-scale refrigeration system. Three different samples
of metal foam were tested with distinct numbers of pores
per inch (10 and 20) and porosity (89.30 and 94.70%).
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Figure 2. Pressure drop versus air flow rate

From above graph we could say that, the pressure drop
increases with the increasing air flow rate. By comparing
condenser A and B, it can be seen that increasing the
number of pores increases the pressure drop. Decreasing the
porosity increases the pressure drop.

B. Effect of porosity:

The number of pores is defined as the quantity of pores
experience in an inch of structure, whereas the porosity can

be defined as the volume fraction occupied by the fluid.

Porosity is most important characteristic of metal foams.

Figure.3 Metal foam samples with different porosities
(10, 20 and 40PPI)
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Figure.4 Heat transfer versus air flow rate

From the above graph we could say that, condenser ‘A’
gives higher heat transfer rates than condenser B. Therefore
we can conclude that, higher number of pores resulted in
higher heat transfer rates. Higher heat transfer rates achieve
by lower porosity.

C. Effect of Base metal:

Copper have larger thermal conductivity than aluminum. If
the base metal used to manufacture metal foam has larger
thermal conductivity, then resulting heat transfer rate will
be larger.

D. Effect of geometry:

Thermal performance of heat exchanger is greatly affected
by geometry. Frontal area, flow depth, and fin arrangement
are important parameters of geometry.

Pressure drop of system can be considerably reduced by
proper design.

I1l. CONCLUSION

e  Higher number of pores and the lower porosity
presents the highest friction factor

e  Pressure drop increases with the increasing air flow
rate.

e The heat transfer load and air pressure drop increase
with the increase of pore density

e Higher number of pores resulted in higher heat
transfer rates

e Increasing the number of PPl and decreasing the
porosity resulted in a higher air-side pressure drop
and in a higher overall thermal conductance

e The foamed heat exchanger’s show up to 6 times
higher heat transfer rate than the bare tube bundle at
the same fan power.

IV. REFRENCES

[1] Ortega, A., and Birle, J. R., The evolution of Air Cooling in
Electronic Systems and Observations about its Limits, Proc.
18th National & 7th ISHMT-ASME, Guwahati, pp K114-
K126, 2006.

216| AMET201952 @ MIT College of Engineering, Pune.

Vol.05, Special Issue AMET-2019 DOI : 10.35291/2454-9150.2020.0147



3]

(4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Trutassanawin, S. and Groll, E., Numerical analysis of a
miniature-scale refrigeration system (msrs) for electronic
cooling, International Refrigeration and Air Conditioning
Conference, Purdue, R173, pp 1-10, 2004.

Floyd, D. E., Topolski, M. J and Darabi, J., Design and
evaluation of copper metal foams in cold plates, ASME
International mechanical engineering congress and
exposition, Chicago,2006.

Haack, D. P., Butcher, K. R., Kim, T., Lu, T. J., Novel
lightweight metal foam heat exchangers, ASME International
mechanical engineering congress and exposition, Orlando,
2000.

Boomsma, S. S., Poulikakos, D., Zwick, F., Metal foam as
compact high performance heatexchangers, Mechanics of
materials, Vol. 35, pp 1161-1176, 2003

Kaviany, M. Principles of Heat Transfer in Porous Media,
2nd Edition, Springer, 1995.

Noh J S, LeeK B and LeeC G 2006 Pressure loss and forced
convectiveheat transfer in an annulus filled with aluminum
foam, Int Commun Heat Mass 33 434-44

T’JoenC,JaegerPD,Huisseune H, Herzeele S V, VorstcN and
Paepe MD 2010 Thermo-hydraulic study of a single row heat
exchanger consisting of metal foam covered round tubes Int.
J. Heat Mass Tran 54 3262-74

Han X, et al 2012 Air-side performance of open-cell metal
foams for use in dehumidifying heat exchangers Int.
Refrigeration and Air Conditioning Conf. at Purdue, 7 16-19

RibeiroGB, Barbosa JRand PrataAT 2012 Performance of
microchannel condensers with metal foams on the air-side:
Application in small-scale refrigeration systemsAppl Therm
Eng 36152-60

RanutaP, Nobile E and Mancini L 2014 High resolution
microtomography-based CFD simulation of flow and heat
transfer in aluminum metal foams Appl Therm Eng 69
230-40

HuH and zZhu Y 2014 Effect of tube diameter on
pressure drop characteristics of refrigerant—oil mixture flow
boiling inside metal-foam filled tube Appl Thermal Engg 62
433-516

P. De Jaeger, C. T’Joen, H. Huisseune, B. Ameel, S. De
Schampheleire, M. De Paepe, Influence of geometrical
parameters of open-cell aluminum foam on thermo- hydraulic
performance, Heat Transfer Eng. 34 (14) (2013) 1202-1215.

P. De Jaeger, C. T’Joen, H. Huisseune, B. Ameel, M. De
Paepe (An experimentally validated and parameterized
periodic unit-cell reconstruction of open-cell foams), J. Appl.
Phys. 109 (2011) 10. no. 103519.

M. Odabaee, K. Hooman, Metal foam heat exchangers for
heat transfer augmentation from a tube bank, Appl. Therm.
Eng. 36 (2012) 456-463.

A. Chumpia, K. Hooman, Performance evaluation of single
tubular aluminium foam heat exchangers, Appl. Therm. Eng.
66 (1-2) (2014) 266-273.

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

International Journal for Research in Engineering Application & Management (IJREAM)

ISSN : 2454-9150 Special Issue - AMET-2019

Z. Dai, K. Nawaz, Y. Park, Q. Chen, A.M. Jacobi, A
comparison of metal-foam heat exchangers to compact
multilouver designs for air-side heat transfer applications,
Heat Transfer Eng. 33 (1) (2012) 21-30.

ALA. Sertkaya, K. Altinisik, K. Dincer, Experimental
investigation of thermal performance of aluminum finned
heat exchangers and open-cell aluminum foam heat
exchangers, Exp. Thermal Fluid Sci. 36 (2012) 86— 92.

Katz, D.L., and Geist, J.M. “Condensation of six finned tubes
in a vertical row,” ASME Transactions, pp. 908— 914, 1948.

Karkhu, V.A., and Borovkov, V.P. “Film condensation of
vapor at finely-finned horizontal tubes,” Heat Transfer-Soviet
Research, Vol. 3, pp. 183-191, 1971.

Rifert, V.G., Barabash, P.A., Golubev, A.B, Leot’yev, G.G.,
and Chaplinskey, S.I. “Investigation of film condensation
enhanced by surface forces,” Heat Transfer-Soviet Research,
Vol. 9, pp. 23-27, 1977.

Honda, H., Nozu, S., and Mitsumori, K. “Augmentation of
condensation on horizontal finned tubes by attaching a
porous drainage plate,” Proceedings of ASME-JSME Joint
Thermal Engineering Conference, Honolulu, Hawaii, pp. 20—
24, March 1983.

Rudy, T.M., and Webb, R.L. “An analytical model to predict
condensate retention on horizontal integral-fin tubes,”
Journal of Heat Transfer, VVol. 107, pp. 361 368, 1985.

Osada, H., Aoki, H., Ohara,T., and Kuroyanagi,l.
“Experimental analysis for enhancing automotive evaporator
fin performance,” Proceedings of the International
Conference on Compact Heat Exchangers and Enhancement
Technology for the Process Industries, pp. 439-445, 1999.

Osada, H., Aoki, H., Ohara, T., and Kuroyanagi, 1. “Research
on corrugated multi-louvered fins under dehumidification,”
Heat Transfer-Asian Research, Vol. 30, pp. 383—-393, 2001.

McLaughlin, W.J., and Webb, R.L. “Condensate drainage
and retention in louver fin automotive evaporators,”
Proceedings of the SAE International Congress, Detroit, Ml,
Paper No. 2000-01-0575, March 2000.

217| AMET201952 @ MIT College of Engineering, Pune.

Vol.05, Special Issue AMET-2019

DOI : 10.35291/2454-9150.2020.0147



