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Experimental Investigation and Visualization of Flow Boiling Heat Transfer in a

Vertical Tube Containing Metal Porous Medium
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Faculty of Mechanical Engineering, Shahrood University of Technology, Shahrood, Iran

ABSTRACT: In this study, flow boiling heat transfer in a vertical copper tube with internal diameter of
16 mm under constant heat flux conditions and at atmospheric pressure is experimentally investigated
by using water as working fluid. All two-phase experiments are within the Slug flow regime which are
visualized by a glass tube placed at the end of the laboratory bed and a high-speed camera. Heat transfer
parameters such as Nusselt number and convection heat transfer coefficients are measured in different
mass flow rates and heat fluxes. The results of the experiments are compared with the experimental
data for the two-phase flow and the amount of deviation of the results from the proposed relationships
is reported. Also, the effects of porous material, heat flux and mass flux on heat transfer parameters are
investigated. It was also found that, despite the use of metal foam, the slug flow pattern remains in the
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1- Introduction

Heat transfer enhancement has always been one of the
favorite subjects of engineers. Two-phase flow boiling in
vertically and horizontally channels are important topics in
heat transfer and the phase change regimes play an important
role in the rate of heat transfer. A promising method to enhance
the heat transfer mechanism is the use of high porosity metal
foams with a high surface-to-volume ratio leading to a high
heat transfer area in a small volume. Thus the design and
production of dense heat exchangers will be possible as well as
the improvement of the heat transfer coefficient [1]. In recent
decades, many experiments have been carried out on channels
containing metal foams. Diani et al. [2] and Mancin et al. [3]
studied the phase change of R134a, R1234yf, R1234ze (E)
fluids in a channel containing metal foam with a pore-density
of 5 (Pores Per Inch (PPI)). Heat transfer in this experiment
was improved by about 4.8 times with low mass flux, low heat
flux, and high vapor quality conditions.

Bamorovat Abadi et al. [4] have visualized the flow boiling

Table 1. Properties of the copper metal foams

Porosity PPI diameter Installation Method

85% 5 16 mm Press-fitting

*Corresponding author’s email: mnazari@shahroodut.ac.ir

and heat transfer inside the small tubes filled with metal foam.
In order to compare, these experiments were carried out for
a non-foam tube, and the results showed that the presence of
foam increased the heat transfer coefficient by about 2 to 3
times.

Since considering that in the flow boiling, the effects of
metal foam on the thermal performance of the vertical tubes as
well as the pattern of two-phase flow in metal foams has not
been considered accurately and sufficiently. For this reason,
the main focus of this study is to investigate the importance of
using metal foams in the flow boiling within the vertical tube
and the flow pattern visualization.

2- Methodology

In this experiment, an open circuit laboratory bed was used.
The schematic diagram of the laboratory bed is shown in Fig.
1. In this experiment, all tubes are made of copper tube with an
internal diameter of 16 mm and an external diameter of 19 mm
and the tube length of the test section is 55 cm, also a copper
foam were used to investigate the effect of porous material on
the improvement of heat transfer, the characteristics of copper
foams had given in Table 1.

Also uncertainty for the heat transfer coefficient in this
experiment based on the proposed Moffat method [5] is £3.9%.
In the flow boiling discussions, the experimental heat transfer
coefficient is calculated from Eq. (1):
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Fig. 1. Diagram of experimental setup
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Fig. 2. Improvement factor (IF) for metal foam, a) the beginning

of the slug flow, b) the end of the slug flow

where T is the saturation temperature at the output pressure
of the test section and for 7/ assumed:

T, =T

Wi w0

)
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2

And the parameter 77 as:
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Fig. 3. 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=269 kW/m2

Fig. 4. 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

D,

Eq. (4) is also used to calculate the quality:

[Q—E -, T, -T, )} (4)
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In Eq. (4), the latent heat of evaporation is based on the
temperature and pressure at the output of the test section. The
Improvement factor is an important factor in the heat transfer and
application of metal foam because it indicates the performance
of metal foam:

3- Results and Discussion

The experimental results in two-phase mode are compared
with proposed relation of Chen [6]; The mean absolute
deviation of the test data from the Chen correlation [6] for the
beginning and the end of the slug flow was 14.6% and 33.2%,
respectively. Also Fig. 2 show the improvement factor of the
metal foam versus vapor quality for both beginning and the
end of slug flow regime. As shown in Figs. 2-a and 2-b, the
metal foam improves the heat transfer coefficient from 1.5 to
1.8 times.

Also with visualization, it can be said that despite the use
of metal foam in this test, the flow pattern remains slug, and
metal foam did not change the flow regime.

4- Conclusions

In this experiment, it can be seen that copper foam effect
on wall temperature reduction is noticeable, which, due to the
constant heat flux condition, improves heat transfer in copper
foam tubes and it was stated that the heat transfer coefficient
in a tube with a metal foam improved from 1.5 to 1.8 times. In
terms of the flow pattern, it can be said that the Slug regime
remains when using metal foam, although slight changes due
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to foam structure have been created.

References

[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]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.

[3]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
and Mass Transfer, 74 (2014) 77-87.

[4]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.

[5STR.J. Moffat, Using uncertainty analysis in the planning
of an experiment, Journal of Fluids Engineering, 107(2)
(1985) 173-178.

[6]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.






75 ool SlSo (owigee g pui

VY 51090 Slis ATAA Lo & o)loss @Y 0593 ¢S yuel Sl psigen 4 s
DOI: 10.22060/mej.2018.14539.5880

JSdsdio a3lo (59l (g390c Alg) 13 iwdiga b oyl JUET (g5, g (o1)25 (o) 2
3

Qb),eol.i Cywrodoe [’”d)lé.? Cywxo ‘L;SLZM) )::-0‘ ‘L;*i’lf L

ul).)‘ ‘.)9)2:[.\3 4.)9)1bL:3 (D olKisly ‘;g.g&a (swigo Xt

18,5913 ey ,U
WAV YN redl
WA/ A A 10,5550
WAV/AANY 1oy
WAV -V 1o ST )

1605 Clols
$3bg> @yl Jlasl
Obgx by

S ps

S0 Ol
L

by % e 19 31 bl e 5390 9 S0 3 i ol J8] o5 s 2 ol e 9 40
by w23y 03935 1 (639> sla bl paled el o 431y Ol (6)8 Tl b S yhaned] JUid 0 g i )l 5Lo
20355 (63l ey yy90 b el 0 0315 513 2lSiulej] st (sloil )3 487 (clutind dlg) (S Loy g 0390 Sl

dﬁfa)'\ﬂagu‘;og)lpdh)usgc)} L;Lmda).)u.il?d\gl?C))1)>Jl£:3|%).«o'9CAlmU>AL)nJéJQ)1)>Jl§:3|dLm4§J§a

A 1S ooleiy by ) glis Blodl e 5 awglio (5> cllo (gl 2920 228 bl Ll ptlof] ol g 4008
SLCS 48 jasuie Coledd 43)S ooy p Ol JUil slaadlie o ooy LS 9 ()l 5l e Jdoeie o3lo 136 (pizeen
b il (ST JB Ay ay s )l Jl o 18 390 02 9 (S U8 GRIBIL 5318 pgd ol Ayl
Jo s o (6318 pgd b Jio 13 &l WG] 3 gung oimd L a8 5,15 51,8 VAL VA 051 13 0,50 35080 30 Sl b Lol

lagen (Bl Sl lizman (b2 6950 (316 pob Sl oolial 39l A asiie (pimen .l o3l

D9 by o8l 4y
» a5 ol Jsl gl Gl jelaiear (iSuel gy S
b s5ls (slopgd 5l odlitul sl 43,5 15 anginyge il (sloadlas
A oo g 0dg YU ez 4 paw Cund g & cwYl sdss
b 2m8)> 9 35800 SarsS w3 Vb )l JlEl colu
Sl JE o pd dgme pimen 5 wSlite (Sl sladie Wy
S Gl s sles el Glo g oy plgisa
ol 035 ol Btos 45 witn YU 55w b (g3lge (o508 (slapsd
Jobo 2 p% 5 S5 0)15 ol Johoo & il oo Lo ji> dtwgnendy o
b e hl> Jsho d2g y2 9 039 (59,5 4 S35 (aegir S
Glinl b= ancdSul sgMedy .l aigs dad )d jalxe (slaJokw &
0,5 9 (SUIL b)) ogiw Jold dapgd 13 —0yd> 5 Jobu oains JSis
ol Lo (gl 48 505 S 5 51 S g sl (U ygies Jlusi] oes)

1 Mechanism

doddo —)
Olodize 8Me3)y90 (slaggdge Sl (S5 0ylgen )l JUil y2l33)
$3gee 9 Bl U > Gl (59> by gedge g Cunl 09
OB s (bl eel ()l e 30)8 5 (b jslaied
Sl Cuenl 5l (S pSUl sloadlye g latuan slaygisSTy e p5 Jilog
Pl gbe )l cwl ojle b gl 5 Hsba sl )l 5
gl s oo o2 ol ol 4 crgi b g B i oo 4 JUK
w7 S 5 o3bj 6wl | SasS e kb s b
OB B SisSe b 1l LT gl Iy cutly dals b
S oo Wl )l JUl 255 50 oo (1 @le B Gle 3 )b
gl B B 658 sl g g b lam ) <SS o)l
Ol 53 U e 0 Cupenl g aal)d ) ol e (SsS2
AL (S bl o)l Jl g (Saladgyien slaadlie (idg>

b3l @295 )3yl cge Nl oo (g by > Oyl JUEsll

mnazari@shahroodut.ac.ir :olsle Jboge oriug ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

1090



Sl Jhe 0 @yl Jasl as g5 bl sgu0 byl s duslie caiily )8
Lol )58 e shb gl e b auslie o 1y po8

essedll g o 9,0 ool Sl Jasl ] oy lSen 5 s
bl 6 Jhw 008 (s (228 oot |y 558 pgd b osdy
Ao G 31 oyl cob sled oyl s 45 a8 by AIVOV/J Jlwsil
4 ool pgd 355 (o0 s osrieadll (S3 pgb L by agsises]
Uinlojl 36 00 3ol TLad 05,1455 b o alg) 9,3 (6 S Ay, oo,
Lossy A 5 ol Sl JIES1 ¢35 g B Gl g
cdobsae o ioljel uSlas by lis JB dgd b duslie 1) 5318 pod
&Sl )liS ALO. 2o 0 9 S Jlwgl o YV-F s ol
LIV] ) g (6585 500 byl )0 09 o2 OV L ply Jlide o)
O S (993 038 (61055 Jlws 11,35 @)l Sl o8 © g0
d‘)’. quo)T u:l Jo .JJ.J; =33 I) walisee Lg)l.f&o Lgl.buf:ﬁ) (Fvone
03] paiiue Aol g gl Ay (318 psd b odds y dlg) du I (5,5 SS
S5 pgd L orip Alg) (e )d ¥ dgap oim Ui yinlejl zuli 9 13,5
Oyl JGl s VY] e 5 (6455 0e puiiine ) b duslis jo
Oigy b1y o ey JSdswe slaSsl bhwg slojlil b oS JUK 4o
Syl sl a8 sl lis dalllas () guls (53,8 s  ope gy
weyada il g5 Gl L e g B ©)god e 4 olbels
Jodss b (S'els a7 re cpdy S oo I (ial38l ol (sla J5dss s
D)5 o bawgio bl dae i3l 5 (5568 5L YL

5 U.sbob U)‘P JLO.»J‘ S92 g.u)l.o)i ‘[\\c] u‘)&o@ 9 \Yuwl.o
al 3 0,0 ¥o b0 odgione )d gliio 0yis sla JBS b (s58 slapsd
b sl oyl sl Co s g ,Lis cdl bl .ol sl (e 1ST5)
Sly o Bl g 00,5 adllle |y @pesie p ClgglhS ¥ V0 (55>
‘&Quﬂ o:gl 5w Lmoj W) ub)\)‘f solgauin hgls) L ‘_)wLe)i osly

VO] 0315 plgl e c3l5 clops (el stpbito aslllas

25 g e (5jlg> ©ylp sl 5 Slas jl a2 g5 LB 4> S
S5 s 3] slaaddlas 3l (5516 psd l> UK o 56

P g gl sladlg 13 )Lid lawe g )l JUS s 0l >

9  Casting Around Space Holder Materials Method
10  Lattice Boltzmann Method

11 Blockage Ratio

12 Mancin

|05 D9 diged 0 Sy 2V sl S e o sl sy
398> 3l ok (36 (slapgd 3 oy aw il ()15 [V] e
3 s paio (ol & dogi b sl caSoyie p @yegio Voo e bO0
e S1S Dpn Nl s Sl Y ool i o35 (slapsd
by mluo 3 1) e lacus B olge (ul 0 9 05 (g dog
plas o a8 o plS p gl 51 (S5 degcpll [Y] A8 o &)
soleams ol pl fel Syl ol slad )5 o)1y 935 (o316 clapgd
s slapgd o)y Slgld (60,8 sladallas pal amd (3 &S Cuns

[¥=Y 9V il osds plosl )l > slo e 5 ()l 59,

$BSS Jodste oo =) —)

So e sl bl ol adlash (A olSen 5 79
dlgieds o g lsm e g Wb J5dss b g5l8 (slapsd I ondy Ja
poiege Jho 5l g widly (ST b (poyp 4 eaSSE Jlow
2 Slslee 93 &)l is JES! Je Cpiomen g 4Bbdrwgs T =" Sy
hiod jelatods Jordscie b (gl []7plalale 5 ©gupedS S 0y
&S 18,8 ds lm‘j W00,S ekl by lase j3 bod g sy mjo5 s
e pgd Jaie 0815 b oled g0y g 0351 (5 dydeh I b HLid
Cly i el slez 4 ol JUl w8 S a0 (privren S 0
Vigty (555 o awdins ol )l) pgd o yan 0luslay dlg) glads s 1l
oy o drg bl Ghll el el Sl )l Cole Cuns
3,8 155 0ol Jae b dwglie )3 1) psd b Juwe 5 )l > Jlas]

alllas JA] o)lSan o o 09,5 5 Sliie V-] olSan ¢ A5
Y < by a0l drwgs 35 pellisie dg) 93 b 1) b Jase Hlislo oLy
Ll (2l g ) g 0303 )13 (S5 dlg) ()15 waw (55, pod
il 4l )3 S5l 5 S515 alg) 315 )3 15 Jlws 5l 3ile
B phw &5 0 Jb > plg aiib b or Cqs B
bamo b (ol Jols gt g 01 003 (5,9 le SIS 908 Jius
b e 158 sedliseio Jase 93 b sdelcundas zuls cpismes il Gl bl
S Ay (2B e 55, &5 glo lroy b (Jue g slad ooy

T’Joen
Lu
Brinkman
Darcy
Calmidi
Mahajan
Reynolds
Zhao

0NN N AW

NIV



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

slacuas oS ol ol wls e Lioles] cpl ) dtusly piie ¢
39 > Oyl JUl oy Gl el 56 pod (30 ) 4 ol
@ [YY] o) Ken g (o3b] Cgyol Sod s )d D9 0 plp ¥ LY
ol SasS ladg (g o)l Sl g e ol il
Juid edl g ol JUisl cups ol bgSllh sy 65l g
2 OlgshS Fo B Yo )l i g oIV B /) Lagte By cuinS sl
53)S ooy |y byt p SRS Ver B¥ e (o2 LS 5 @y to
@l 5 15 pll 3 pd gty g sl W talesl cl caglio pglaiony
YUY sgus o oyl Jaml s (0l58l el pod dgg a5 ol L
b oy 3 5l Bl Gtalesl ol )3 imen 29 e
ol 3 3 b ool sy )l 3 Slas ) oS ol
O9%) (Bl sladie 59y p radllao 515 030 ol (ghinl )3 (odde>
Wb gl 2 &Sl 4 g b rores fcwl &85 plxl (Jdss
et g (53905 sadly) Sl 2 Skes (g5, 2 (53 po b adlllne
ol 9 ol oadi pll B g 33> ©ygonr o 09 G 55
cel g awsh Js o) S ekl sl 3439 pas wdbho
pegad 4 el (e3ae S 398 5 (et Lally) lisl )3 Cudgae
callo oyl Lol 3505 s et 4 YF] 2950 —0l Jlw (sl
by Ol > S5 psd b g Ml Gl e3g0xe 385 ()
ol 2 el b ol ilo)lSl Caleg)s 5 (eges Ay (g0
Jio Clsisas sl Gl g o iz 51 (5318 pgd @iged S o]
psd 3l odlatwl Sl 530 O ygods G Cpl 3wl i edlaiwl (6,8
2 Oglite (il jld g (oo Jlb coi (JB Ay b anglio > (3l
g 09 Dlder Ol JUisl 2 Sles g bl (55Bg> by 3
S5 B Joe g 090 Cual B> ) (pizmen 035 oy p 390
S5l Glesl ol 5 eyl Jlasl anl ol gle 5B ple 5 e 36
98 g o oslaiul gy p S jolateds Jase Sl > sladied oy
S5l )8l (g3l6 pob jgin )3 man g JB A > Shder b

) 00

2Bilojl s ¥

Gl 030,85 oolatwl jLyle b aBiolejl g I Giolejl cpl yo

dl).: Gl 0l 03> ul.w.s \ JSW) 2 LSQK”“"L")] o Li»-ﬂow Ji.;}

VoY

ol 00 28lg g5 )50 (551850 (4l 5D o3l g b dunlds

).u;u R ‘[\V] u‘)KA&’ 9 u,m...»Lo 9 [\;’] ul)l&,@ 9 \u.’bb
ped g9l JUIT S o (RAVYFze(E RIVYFyf RIYVFa glo Jlw 518

Lylys b as” Gaslesl cpl o oylys sl auslyy 0 date o515 L (o318
o i b b cuasTL lid cdl b yise ded d piored Ll deue
D)5l il

89y Syml (sldiwn b 0yl wLe)i PA] oKen 4 r93
boome pgd 5l gl sl plsl VGSA (29, 9 RVWY 3y bglse
Ay i zubs WW0)S edlatwl Vo 5 B ddie WST g Aoy AN s
Syl J&5l o s psd ok g Bl ain b duslie jd (5318 slapgd
otalejl sooals 4l 1 Gl (59N Sy 5 2038 (g3l ST ) o oo
o kb Ol Jl s s Galejl cnl 53 idga (Bpme
Sl ororen 09 b (o2 )Ll 5 )5 80yd B 390 53 Gl
A 3yl ialejl ol 53 (soils 9 M (Ml

hdgr Oyl Jiil g 59> iy ey n 4 VY] o)Sen 9 5313
oy ol )l gl cdlyyy 28l clls jo (o318 slapgd (gol> gl
siblS ¥ 4 Ve dae o515 5l e J5dBS G p0 bnJak oIl &S
ol 5! AT bLMs| 5 oAy (owled pdaw 4SSl s & b o
algd plp ¥ ogas )3 ol JUl o pdy oo Gyge SagS sy )

JU 6 o b b oyl Jasl YY) ohKee 5 S
W53, gty 992 0087 6 S e (e 0 lga> 41 4 (536 b jlony
o V8 Jato oS5 b e (win 5l Liulojl 50 oaderliul (slapgd diges
w85 ks )3 ol 38 S Sl g 392 00 GBSl ao 3 AV ol
Voo Ve odgame )0 ooy (2 ¢ it glapito Lialosl cpl j> .05
areraBle p Sy YO U+ oo ()l jld 5 asbiapesie p p)SoksS

Olyed 35 (2955 S 5 (JUI SB35 0 )5 Jlea> (1) boo o9

1 Diani

2  Zhu

3 Plug

4 Brazing

5 n-Pentane



Tank

Softhox

Data Acquisition
Unit [ RTD]
RTD Input ||

|

|
Computer RTD
R i

Test Section

Pre-Heater
Rod Elements (Parallel Resistances)
Insulation

PID Controller
Power

&

Cooling p yyjks
Element

Sy 133

Micro Gear Pump

L

Camera
PT
RTD — — —

Camera
Power — — —

Computer

gh<!

7, Data Acquisition Unit
TCP Input

PT .‘V“ﬁ Autotransformer Stabilizer
Tank

Fig. 1. Diagram of experimental setup

ialojl s (so)laz b 1) JSW

Oy sl ol cnl o oad 4l e WY sk b g opgel i
Gl (B Seolisdgyln  Sidbdaws b & ol >

5 inlejl Ceomd @ (£39)9 Jlw slod 2SS ol jolaieds
4 (€399 Croud jo— lmdgbj 1SS Gl bod s 5l (6 S ol pioman
edee " ypel Jao b Talojmaw (slod 5 bl sae G 5l = g0l iso
83955 sled 5 e Jlasl bawgs (63959 Jhow (slod .l ons o3liiu]
b eSS Colt oS Bl 3 Ve (59) Sy cnl @

st 93 5l ogeil LiSe 4 Ol gl (e g 629y9 Ceewd

ol 0l odltw] Jluw slod (505050l jolaioas Yool S Sowe

JS @bl b T3 eanS e sas S sl ead Jles! ()l s U8
Gl ToaiS Cant dae G olyen 4 (g Yoo Be 3l dwd O ygeods 5L
Ol ool 0 odlatwl 5y oaiS walals 4 (63555 Wy yubladSS ol
slaigo Sl 5l e ol W5 oXIS laS g S 295
olisabl ol J3e (g5 4 lgicee Jlosl )l Ol dmslne sl 1Y
Syl
SBlansg pzpen g olae > 4 ol gl puiley il
oSSt 3l 09l e 4 255 5 B Ol (Seslidgyie
L alie sldg 1 oalaiwl b 55 50)S iy Cronnd ol 005 03liiu]

3 PID Controller
4 Omron
5 Pt100 Sensor

1 Voltage Regulator
2 Stabilizer

AIARY



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

Smm J 106 mm
—_ — - 7
735 mm
RTID & PT
Sensor Location
=1 RID Location =

550 mm

L

Coil Elements
Parallel Resistances
7
7
RTD Pt100

| \
|
Metal Foam

Fig. 2. Test section

osedl i 3Y S

Je T SV 355 5 Sa S mosing ey 20 S ) pien

Sleay wblgs &5 diB> 5 493 Tooo b Yoo Ciopu b \FB-WTY- -
Jaas Caa ds sl o 1y dads 1 ) Lo WA BIVY/F o b Jlw
ol 0 odlil inlej] plosl Jgbo )3 (8483 9 clgiSs 05 5l el

ose)l pise =) =

o1 03l (ioles ¥ S5 1 IS e Cumbgo g (0] i el
15 b o B0 g b e g S, o] (i
ol 5 3l (el ol 0k ailo o lie VA )l b 5 V5
L' call sae gy 5 (pgesl a5 oo g Jsbo 0 b g 8IS
2l g )] s (65lge b a8 conl o odliwl lg Av e (63,8 olgs
A dalgs Gl Fere dgus

olesily piall g leadl (Sl ol STl S ole jolatons
b g ol b gy S iy il @l 3l esesl Lo )l
5 el e alols 15,5 eslizul beddl gy p st sl & 5h
Sl ol ST b sy Sl do b 3lod Ktas oty b 555 3ol

s sbod 6550 el 398 £ ySsls Syl ML 5l g 355 ol

5 Micro-Gear Pump
6 LongerPump
7  Coil Heater

1044

055 & plajon JLal a8 5 0357 s g5 5l 539 c5lad S
Syl 3 by g tedls eus

Coond Sl ze S 5 939 PR 3 b Jlid gpSeiluil jglatesy
Vo e o)l oy bade (ol 1S5y Hlid Tosiunyd a9 3l Linlejl
G o) slid oo S s (slod Cudgizme oy 4 dsgs b .ud S eolatal b
09 Y s & 0ol (i (298 Ceond 3 (S Bl a2 A
J2e b 05 ToaisS K3 puaie dae 1 (3,5 b 45 )3 AF) Ol (glad
3,5 ool HLid sdiiw 4 (399 Jlw (sled Lials (gl AV4/VF
ool b g 0390 S > 4 (63959 Jlw (65lSs Cqa 0 O sy &S
> Voo By )Lid oaiin b 4 (639)5 Jhw slod (lgi o anhad () 5l
S Yol S ol

oliwd das 93 51 Ve e g s )S e oled slaedly ¢l jelated
dgpl JUS Y Gl plaSya a8 15,5 ooliel £410 Tabl sdly e
PS5y 03b il sl (pl lwg oy bl o pawdw
e K jHlid ol S s 5 S8l slaosly el (gl 0,8 0y

A5 oalil ¥ VA+ bl ool cod olKawd

1 Data Acquisition Unit
2 Transmitter

3 Cooling Element

4  Adam



S pod (uin Glhaasio 1) Jgda

Table 1. Geometrical properties of the metal foam
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Fig. 6. Time traces of wall temperature for empty and metal foams tube, a) the beginning
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8)-G=53 kg/m2.s-q=36 kW/m2
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m2.s-q=29 kW/m2, ¢) G=49 kg/m2.s-q=33 kW/m2, d) 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

Sl gl ol o Sl Gl il il g 518 pgb gty A SIS0

(b)

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
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