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Table 1. Geometrical properties of the metal foam
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Fig. 3. Axial profile of Nusselt number (setup validation), a) Re=626, b) Re=781
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Fig. 4. Slug flow pattern in this experiment

u,...:Lo)T u;\ 3 S ub)> 03945x0 ¥ J&.w

bl by o5 2980 LS obol> Ge glyew by,

VY] 29 oo dumlone T " ogd sddas Ll

i, =0.023Re%Pr* Ko o)
Di
YY) 095 o dnmlro” 295 5 ° g dlally jlh | eglatn Jdgn

_ O.OO122k10.7901(7))45p[0.49AT32,.24AP 0.79

nb 0.5, 029 0.24 = (W)
o :l’llA (pvllv) ’
igd e dplore ) Gjgod j ;50 sadlse 5
GD. (1-
Re, = 9P (1=X) (\A)
Hy
ATml :Tw _Tval (\ﬂ)
Apsat :Psaz(Tw _Tsal) (Y.)
3 Dittus
4 Boelter
5 Forster
6  Zuber

VoY

p;gD;
(pl - pv )O-

1/4
} <436 ()

|

SHul 4l glanl (3g8 dasly glo)l & g b 50 adllas ol
G 5 G L Ll s 88 i 5 (65> cby> gsyd
S o JS8 Sl by el @pa e p SlgghS T IV 2905
b5l gl s e col 5l e (ol 5L Gl L oS 5k
3 Lilesl pll e3gae ¢ 598 (claaiSS 4 dngi b D9 o gyl Sl
oy ks g Sl o sl Sl T s 48 395 o oamlitia ¥ JSC3
ol SMaol b > ol Sl
> b @l (rwcons glp 598 gudy 4 ey b
sdalcundds &)l Jsl co s b 05 @)l Jil ey dulis 4
(V) akaly Jlpslate (pen & ey de2ge (i Laily)
dasl) Silo & (V9) dlatly oo 5 [PV ] ' oadas U gl (Sl
ool ol 431, ol Jhw ly g conl [VF] o, " S1 oolpii
oy (W] o dlaly ol €oud S

htp =Fh, +Sh, (Vo)

1 Chen
2 Fang



VY 51090 dotio AFAR Jlo & 0yled DY 093 ¢y prol CSilSin i &yt

18
1.6+ a
oral
= Tdeal Situation
~ l2F 2 2
2 ¥ G=38 kg/m’s, q=23 kW/m
=" 1 ® =43 kg/m’s, =26 kW/m?
03| 2 G=49 kg/m”’s, ¢=31 kW/m’
' 4 (=53 ke/m’s, q=34 kw/m’
0.6 : - : !
0.15 02 0.3 0.35 0.4
Quality %
1.8¢
C
B
o
f 1.4 Tdeal Situation
g ¥ G=38 kg/m’s, =23 kW/m®
= L2 & G-43 kg/m’s, =26 kWim®
¢ G=49 kg/m’s, =31 kW/m’
1 4 G=53 kg/mzs, q=34 KW/m®
0.15 0.2 0.25 0.3 0.35 0.4
Quality %

1.8
b
1.6 -
sial g
sl
¢ 12t Ideal Situation
o % G=38 kg/m’s, =25 kW/m®
[=%
= 1 ¢ G=13 kg!’mz& q=29 kW/m>
gl ¢ G=49 kg/m’s, g=33 kW/m®
' & G=53 kg/m’s, q=36 kW/m®
0.6 L L I
0.4 0.45 0.5 0.55 0.6
Quality %
1.8+
b ey a
1.6r

o MAD=65.8%
B

Ideal Situation

G=38 kg/m’s, g=25 kW/m®
G=43 kg/m’s, q=29 kW/m®
G=49 kg/mzs, q=33 KW/m?
G=53 kg/m’s, =36 kW/m®

h

%)

T
el HH HH

1 4

0.6

0.4 0.45 0.5

Quality %

0.55
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Fig. 6. Time traces of wall temperature for empty and metal foams tube, a) the beginning
of the slug flow (point 2)-G=43 kg/m2.s-q=26 kW/m2, b) the end of the slug flow (point

8)-G=53 kg/m2.s-q=36 kW/m2
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Fig. 9. Improvement factor (IF) for metal foam, a) the beginning of the slug flow, b) the end of the slug flow
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Fig. 10. Slug flow patterns of water in empty tube for G=43 kg/m2.s, a) the beginning of the slug flow-q=26 kW/m2, b) the end of the slug
flow-q=29 kW/m2
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(b)

Fig. 11. Slug flow patterns of water in metal foam tube for G=43 kg/m2.s, a) the beginning of the slug flow-q=26 kW/m2, b) the end of the
slug flow-q=29 kW/m2

Y5 e 8) Ml oy (it <l sl qpoyio oy SokS B ooy )L sl s3lb pgb b e 3 ol el sy oo VY S5 —F 199 JSS
(@rerie p CloghS VA (Gl 5L8) Sl (2 sl i (@pesio p Clggls

S 9 S5 2ot -V

5 byl (ol Jlw ides by (e islejl ol
b e g osbe Juwe o 65l9> by &l JUS alie rieen
92 5 (ldgr by (FRwtene (qwyp jlaleds b el (5315 pgd
Dygeyp 30 b )35 bwgie dllas Clioul 5 edlaiwl (golpiuiy dlal,
oor e 98 b Jiee g 03l Jae oy Ol JI (Shig )0 gl
€8)5 )18 oolisul 3590 pod 3 )Slas dgutp cups Glyis b sladlie 0
VB 258 3 (e pg b Jue )3 Ol JUil cops &5 08 ol
Calps 559 3la0 (olod j3 &S Cunl Sl > (il g b o d9us il VAY
Ole Oizren S (o My (BB (o2 LS 5 ()l 5L Rl b s
i olgn daglasl o )3 ()l (ooled Cuoglin Jolo 4y dagi b 45 05
Dy 0xe (Sl ol gl 3 Slas jglateds 6 Fogllas Jlail sl b,
pod jl osliul plin )3 SHl s S Glgie o by S8 s |l
bl pod bl s 4 (o8 o iz o diloe (Bl (lmen (315
i IgIS g o IS 1lad o SVl S5 g 008

1544

i) g pod ldle Jd 4 gl 65Nl paskils (e g b e
Ll Jsbo 13 &8 4SS ol 4 dogi bt ke (b (S5u jene
ol ol JBBu cutS —cul )l s balps devg Jus 4 islejl
Mol oy 565 & 5 asedio (g5l lK5T b anlllas ] 45 doeti >
298 b oS0 Ojlie 4l B g padts JB (e pgd L dg) )
&S K g sl S 0 Sl @0y Hlu IS 661 Jodsnis 00le
S8 5 9 (S jlod Sl o355 cpl ot 03le 929 > &
Bl pass clo )l dssare 45 Wb oo Sl (45loySl al 00
SMol K Sjgo 4 (2edD Gygo 4 395 ¢ oz odle il jo
Sl a4l slosl 1> SNl o5 sdalio piron A5 0 &S >
Ll g e pesus LSl (39 o0 & S35 5 92 FS)j J> &
S Gl calnle 0,8 paseie ) Sl anb e 3 b o)l
Sl iz (b2 soS Gialoil ol 3 (538 psb 5l oslitl g2l
O 45 398 00 (S ey (o5 e sl (5318 pob g wilo o Bl

S oo St 1) ol 555



&lo

[1] L. Tadrist, M. Miscevic, O. Rahli, F. Topin, About the

use of fibrous materials in compact heat exchangers,

Experimental thermal and fluid science, 28(2-3) (2004)
193-199.

[2] C. T’Joen, P. De Jaeger, H. Huisseune, S. Van Herzeele,
N. Vorst, M. De Paepe, Thermo-hydraulic study of a
single row heat exchanger consisting of metal foam
covered round tubes, International Journal of Heat and

Mass Transfer, 53(15-16) (2010) 3262-3274.

[3] M.F. Ashby, T. Evans, N.A. Fleck, J. Hutchinson,
H. Wadley, L. Gibson, Metal foams: a design guide,

Elsevier, 2000.

[4] K. Boomsma, D. Poulikakos, F. Zwick, Metal foams as
compact high performance heat exchangers, Mechanics

of materials, 35(12) (2003) 1161-1176.

[5] W. Hsieh, J. Wu, W. Shih, W. Chiu, Experimental
investigation of heat-transfer characteristics  of
aluminum-foam heat sinks, International Journal of Heat

and Mass Transfer, 47(23) (2004) 5149-5157.

[6] S. Kim, J. Pack, B. Kang, Flow and heat transfer
correlations for porous fin in a plate-fin heat exchanger,

Journal of heat transfer, 122(3) (2000) 572-578.

[7] S. Mahjoob, K. Vafai, A synthesis of fluid and thermal
transport models for metal foam heat exchangers,
International Journal of Heat and Mass Transfer, 51(15-
16) (2008) 3701-3711.

[8] W. Lu, C. Zhao, S. Tassou, Thermal analysis on metal-
foam filled heat exchangers. Part I: Metal-foam filled
pipes, International journal of heat and mass transfer,
49(15-16) (2006) 2751-2761.

[9] V. Calmidi, R. Mahajan, Forced convection in high

porosity metal foams, Journal of heat transfer, 122(3)

A

e Cow 305 —A
Sl e
Ui dae Bo
J/kgK B3 Lgl.a)f Cp
m .,k D
Kl sue Fa

kg/m2.s . oz Lo
m/s? .l 5 olus

g
WmK &o)l,> Jasl cope  h
Sorir wuye IF
Jkg s o sl i
W/m.K (Sl culaa k
g/mol . JoSJse o3 M
Lusgte 3l Sl MAD
Kg/s (cor 20
ools slass N
Cdwl sae Nu
Pa . lzs p
July s Pr
W ls
kWim? . s> ¢
Q (wglin R
M, 00e Re
K Lo T
V g 14
Hole adlie Xy
M eejl (i 539,55l abols 2
g pidle
Pas w3 Y7
kgm’ g p
N/m (b oS o
oW )
bl Gide> ch
8D
SsE
X exp
Je f
EN i
S99 In
&l [
s et MF
@laws 2lo> b
g o



VEVY 51090 dotio YR Jlo & 0yl DY 093 ¢ pusS prol CSilSlo nbies &y yui

and Mass Transfer, 74 (2014) 77-87.

[18]Y. Zhu, H. Hu, G. Ding, H. Peng, X. Huang, D. Zhuang,
J. Yu, Influence of oil on nucleate pool boiling heat

transfer of refrigerant on metal foam covers, international

journal of refrigeration, 34(2) (2011) 509-517.

[19] Y. Zhu, H. Hu, S. Sun, G. Ding, Flow boiling of
refrigerant in horizontal metal-foam filled tubes: Part

I-two-phase flow pattern visualization, International

Journal of Heat and Mass Transfer, 91 (2015) 446-453.

[20] Y. Zhu, H. Hu, S. Sun, G. Ding, Flow boiling of
refrigerant in horizontal metal-foam filled tubes: Part
2-A flow-pattern based prediction method for heat
transfer, International Journal of Heat and Mass Transfer,

91 (2015) 502-511.

[21] C. Zhao, W. Lu, S. Tassou, Flow boiling heat transfer
in horizontal metal-foam tubes, Journal of Heat Transfer,

131(12) (2009) 121002.

[22] B. Madani, L. Tadrist, F. Topin, Experimental analysis of
upward flow boiling heat transfer in a channel provided
with copper metallic foam, Applied thermal engineering,

52(2) (2013) 336-344.

[23] G.B. Abadi, C. Moon, K.C. Kim, Flow boiling
visualization and heat transfer in metal-foam-filled mini
tubes—Part I: flow pattern map and experimental data,
International Journal of Heat and Mass Transfer, 98
(2016) 857-867.

[24] X. Fang, Z. Zhou, H. Wang, Heat transfer correlation
for saturated flow boiling of water, Applied Thermal
Engineering, 76 (2015) 147-156.

[25] P. De Jaeger, C. T’ Joen, H. Huisseune, B. Ameel, S. De
Schampheleire, M. De Paepe, Assessing the influence of
four bonding methods on the thermal contact resistance

of open-cell aluminum foam, International journal of

VAR

(2000) 557-565.

[10] C. Zhao, W. Lu, S. Tassou, Thermal analysis on
metal-foam filled heat exchangers. Part II: Tube heat
exchangers, International Journal of Heat and Mass

Transfer, 49(15-16) (2006) 2762-2770.

[11] M. Nazari, M. Ashouri, M.H. Kayhani, A. Tamayol,
Experimental study of convective heat transfer of
a nanofluid through a pipe filled with metal foam,
International Journal of Thermal Sciences, 88 (2015) 33-

39.

[12] M. Nazari, N.B. Baie, M. Ashouri, M. Shahmardan, A.
Tamayol, Unsteady heat transfer from a reservoir fluid by
employing metal foam tube, helically tube and straight
tube: a comparative experimental study, Applied Thermal
Engineering, 111 (2017) 39-48.

[13] M. Nazari, M. Kayhani, R. Mohebbi, Heat transfer
enhancement in a channel partially filled with a porous

block: lattice Boltzmann method, International Journal of

Modern Physics C, 24(09) (2013) 1350060.

[14] S. Mancin, C. Zilio, L. Rossetto, A. Cavallini, Heat
transfer performance of aluminum foams, Journal of heat

transfer, 133(6) (2011) 060904.

[15] S. Mangcin, C. Zilio, A. Diani, L. Rossetto, Experimental
air heat transfer and pressure drop through copper foams,
Experimental thermal and fluid science, 36 (2012) 224-
232.

[16] A. Diani, S. Mancin, L. Doretti, L. Rossetto, Low-
GWP refrigerants flow boiling heat transfer in a 5 PPI
copper foam, International Journal of Multiphase Flow,
76 (2015) 111-121.

[17] S. Mancin, A. Diani, L. Doretti, L. Rossetto, R134a and
R1234ze (E) liquid and flow boiling heat transfer in a

high porosity copper foam, International Journal of Heat



VY 51090 dotio AFAR Jlo & 0yled DY 093 ¢y prol CSilSin i &yt

tubes, AIChE Journal, 26(3) (1980) 345-354.

[31] J.C. Chen, Correlation for boiling heat transfer
to saturated fluids in convective flow, Industrial &
engineering chemistry process design and development,

5(3) (1966) 322-329.

[32] F. Dittus, L. Boelter, Publications on Engineering, vol.
2, University of California at Berkeley, Berkeley, CA,
(1930) 443-461.

[33] H. Forster, N. Zuber, Dynamics of vapor bubbles and
boiling heat transfer, AIChE Journal, 1(4) (1955) 531-
535.

[34] R. Lockhart, Proposed correlation of data for isothermal
two-phase, two-component flow in pipes, Chem. Eng.

Prog., 45 (1949) 39-48.

heat and mass transfer, 55(21-22) (2012) 6200-6210.

[26] T. Fiedler, 1. Belova, G. Murch, Critical analysis of the
experimental determination of the thermal resistance
of metal foams, International journal of heat and mass
transfer, 55(15-16) (2012) 4415-4420.

[27] R.J. Moffat, Using uncertainty analysis in the planning
of an experiment, Journal of Fluids Engineering, 107(2)
(1985) 173-178.

[28] W.M. Kays, Convective heat and mass transfer, Tata
McGraw-Hill Education, 2012.

[29] S. Levy, Two-phase flow in complex systems, John
Wiley & Sons, 1999.

[30]Y. Taitel, D. Bornea, A. Dukler, Modelling flow pattern

transitions for steady upward gas-liquid flow in vertical

VY



