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ABSTRACT  

     An experimental system was designed and built to produce the flash evaporation 

of upward water flow in a (1.8 m) vertical mounted glass test section pipe. The water 

loses the static head as it moves up, accordingly flash evaporation occurs somewhere 

inside the test section, where the water local temperature reaches its saturation 

temperature at that position, which is dependent on the water inlet temperature and its 

mass flow rate. The steam quality in the test section exit was measured by collecting 

the steam generated in the test section outlet and condensed in the condenser at 

specified time. 

     The hydrogen bubbles are injected inside the two – phase mixture flow within the 

test section. These bubbles act as an exciter for steam generation inside saturated 

water.  

     Water electrolysis using (12 V) and ionization current (7 A), increases steam 

quality at test section outlet by (33%) when it is compared to that obtained without 

water electrolysis. A reduction of (42%) in non-equilibrium temperature difference is 

achieved using the same ionization settings. The effect of ionization process on flash 

inception point and temperature is investigated from the experiments.     

     The experimental results are compared to the theoretical results obtained using 

mathematical model based on solving the mass, momentum and energy equations for 

two –phase flow assuming separated flow model.  

     The effect of the electrical power used for water ionization is simply simulated in 

these calculations using mass and heat balance equation that covers the boundary 

conditions of the system.   

 الخلاصة 

حى حصًٍى يُظٕيت حدرٌبٍت نغرض ححمٍك ظاْرة انغهٍاٌ انخهمائً أثُاء خرٌاٌ انًاء إنى الأػهى داخم أَبٕب       

خسءا يٍ  ٌفمذ ػُذ خرٌاٌ انًاء إنى الأػهى فاَّ. ػًٕدي انخثبٍج  , يخصص نهمٍاضاث ( و  8,1)زخاخً بطٕل 

ئً ػُذ َمطت يا داخم الأَبٕب انسخاخً حكٌٕ فٍٓا درخت ػُذ رنك ٌحصم انغهٍاٌ انخهما, ضغطّ الاضخاحٍكً 

 . حرارة انًاء يطأٌت نذرخت حرارة الإشباع فً حهك انُمطت 
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فً يخرج الأَبٕب انسخاخً يٍ خلال حدًٍغ انبخار (  steam quality) حى لٍاش انُطبت انٕزٍَت نهبخار      

 . خلال فخرة زيٍُت يحذدة  كثف فً خٓاز انخكثٍفخانًخٕنذ فً الأَبٕب انسخاخً ٔانً

حٍث . أثُاء خرٌاَّ فً الأَبٕب انسخاخً نمذ حى حمٍ فماػاث انٍٓذرٔخٍٍ فً داخم انًسٌح انثُائً انطٕر     

ػُذ َٓاٌت   ( steam quality)نمذ ٔخذ إٌ َطبت انبخار انٕزٍَت . حؼًم فماػاث انٍٓذرٔخٍٍ كًحفس نخٕنٍذ انبخار 

فٕنج  81ذ لذرِ ٓٔرنك بخطهٍط فرق خ ػًا ػهٍّ بذٌٔ حمٍ حهك انفماػاث%(  33) ت اَبٕبت الاخخٍار حسداد بُطب

.  غٍر انًخسَت ػُذ َفص ظرٔف انخأٌٍٍ درخت انحرارةيٍ لًٍت %( 21)ٔاَخفاض بُطبت , أيبٍر 7ٔحٍار لًٍخّ 

 .   اندسء انؼًهً ػهى َمطت بذاٌت انغهٍاٌ انخهمائً ٔدرخت حرارحّ حى دراضخٓا خلال  ٍإٌ حأثٍر ػًهٍت انخائٍٍ

ت ٔانخً حصهُا ػهٍٓا باضخخذاو يٕدٌم رٌاضً ٌطخُذ فً حهّ ػهى ُظرٌانُخائح انؼًهٍت حى يمارَخٓا يغ انُخائح ان   

 . ػُذ انحم أَفصال خرٌاٌ ًَط يؼادلاث انكخهت ٔانسخى ٔانطالت ندرٌاٌ ثُائً انطٕر يغ فرض 

ٍت انخائٍٍٍ ٌكٌٕ يبططا فً ػًهٍاث انحطاب باضخخذاو يؼادنت إٌ حأثٍر انطالت انكٓربائٍت انًطخخذيت فً ػًه    

                                                         .حٕازٌ انكخهت ٔانحرارة ٔانخً حغطً انظرٔف انًحٍطت بانًُظٕيت 

 

KEYWORDS: Flash Evaporation, Electrolysis, Bubbles Injection, Steam 

Quality.  

 

 

INTRODUCTION  

 

     Flow boiling is a boiling in a flowing stream of fluid, where the heating surface 

may be the channel wall confining the flow. The boiling flow is composed of a 

mixture of liquid and vapor. In this case individual dispersed bubbles are move 

independently up the vertical channel.  

    It is necessary to distinguish between boiling and flash evaporation. Boiling is a 

phase change accompanied by a supply of heat at constant pressure, while flashing is 

a phase change occurs due to reduction in pressure.  

    Boiling heat transfer is encountered in numerous engineering applications. One 

important field of application of boiling and evaporation is in desalination of sea 

water, which is becoming essential in some arid regions. That occurs by which the 

saline water is evaporated at reducing pressure. The vapor is taken to a condenser. 

The condensed steam is collected as fresh water; therefore, we need to enhance 

boiling.  

    There are several ways adopted for boiling enhancement. The main distinction is 

usually made between passive and active techniques. To augment boiling, passive 

techniques employ special boiling surface geometries, or fluid additive, such as 

roughening of the heat transfer surface, pitting the surface with corrosive chemical, 

integral fins or rolling, knurling integral finned tubes, coating the surface with a 

porous layer, etc. Active techniques need external power, such as electric or acoustic 

fields and surface vibration. The present research belongs to enhanced boiling by 

using electric field.  

     The process of water boiling enhancement using electric field is ensured by water 

ionization using electrical current. The ionization current breaks the bonds of water 

molecules casing generation of hydrogen and oxygen bubbles. These bubbles act as 

exciter for steam generation inside saturated water, (ZAGHOUDI, 2005).  

      The main target of the present research is to study the effect of saturated water 

electrolysis on the steam quality at the exit of vertically mounted test section and 

compare that with steam quality in the same test section without electrolysis.   

     W. NAKAYAMA, et a l, (1980) studied enhancement of nucleate boiling heat 

transfer with structure surfaces composed of internal cavities in the form  of  tunnels  

and  small  pores connecting  the pool liquid and the tunnels. The authors dealt with 
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porous surface which showed that wall superheat of a very small degree can start 

nucleate boiling. O. MIYATAKE , T.TOMIMURA,  Y.ID, (1985) presented  in  their 

research  an experimental  study on   the utilization  of  flash  evaporation  in power 

systems utilizing solar energy. They recognized that the spray flash evaporation were 

considerably faster than those of flowing liquid in conventional multistage flash 

evaporator and those of pool water exposed to sudden pressure drop in a container .  

They suggested that the best method of enhancement of flashing may be by injection of 

nucleation liquid through some nozzle configuration into a low- pressure vapor zone. 

     NOAM LIOR and ENJU NISHIYAMA, (1995) conducted experiments in a scale – 

down stage of flash evaporation at about (100 Cº) to examine the effect of the 

generated hydrogen bubbles on flash evaporation. They have shown that electrically 

generated hydrogen bubbles have indeed promoted ebullition in flash stage regions 

where the superheat was otherwise too low for flash evaporation, and thus have 

increased evaporation rates resulting in reduction of up to (15%) in the non-equilibrium 

temperature difference. 
      AKRAM W. IZZAT, (2003) studied experimentally the flash evaporation of 

upward water flow in a (1.8 m) vertical mounted glass test section pipe. Multi-

diameter test section (3cm-10cm) was used both as divergent and convergent channel. 

The author has been concluded qualitatively that the hydrogen bubble injection inside 

the two–phase mixture increases the steam quality in the test section exit. 

       G. HETSRONI, et al, (2004), investigated experimentally saturated and sub-cooled 

pool boiling of environmentally acceptable surfactant solution on horizontal tube. The 

kinetic of boiling (bubble nucleation, growth and departure) were investigated by high–

speed video recording. 

      In the present experiments water is allowed to flow vertically upward in a vertical 

cross sectional area channel. When it reaches a certain distance in the test section and 

when the local pressure becomes equal to saturation pressure corresponding to the 

local temperature, water starts to evaporate due to the flashing. The experiments are 

conducted using low water velocities in order to observe the motion of bubbles along 

the test section.  

    The local pressure, local temperature is measured at three longitudinally distributed 

positions along the test section. The water flow rate, boiler pressure are measured. 

     Water temperature is measured using calibrated thermocouples, thermistors and 

digital thermometer, while the static pressure is measured using the water manometer 

and the local pressure gage. The water flow rate is measured using calibrated flow 

meter.  

     The results of these measurements are compared with those obtained from the 

theoretical analysis. The theoretical analysis adopted in the present work is based on 

separated flow model. 

 

EXPERIMENTAL APPROACH  

 

     The system arrangement shown in figure (1) is used to estimate the flow boiling 

enhancement by measuring the physical properties of the water during flashing 

process. The system consists of (1.8 m) length of the test section. The test section is 

manufactured from (PYREX) glass to ensure both clear visualization and good 

resistance to high temperature under maximum pressure of (1.2-1.6 bars). Test section 

diameter is constant (5cm). 
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     Temperature and pressure measurement taps are distributed in the test section 

perimeter in three levels along the test section length. Four taps are specified for these 

measurements in each level. The first four taps are located at (15 cm) from the test 

section inlet. Each taps is a circular opening of (5 mm) inner diameter. The other four 

taps with the same inner diameter is located at (65 cm and 125 cm) distance from the 

test section inlet respectively. 

     These taps are specified for measurement purposes (static pressure and 

temperature measurements), also for the bubble air generation inside the test section 

during the ionization of water by the (electrolysis). The lower part of the test section 

is connected with the boiler, while the upper part is connected with enlarged glass test 

section part used for steam separation. This enlarged glass test section part is 

connected from its side to the horizontal glass pipe used to transport the water to the 

pump, while it is connected from the upper side to the condenser through flexible 

tube.  

     The water is circulated through the test section and the boiler using circulating 

pump located in perpendicular position to reduce the losses and any cavitation that 

could be anticipated during flash process. The boiler in the present experiments 

consists of electrically heated coil used to heat the water with heat capacity of (3kW). 

The body of the boiler is thermally insulated to reduce the heat losses to the 

environment .When the water passes through the boiler, its temperature rise above 

(100 C
0
), as it is kept under the static pressure of the test section column (1.8m), then 

it enters the test section. The water velocity inside the test section is controlled by 

adjusting the water flow rate by the two valves (V1 and V2), while the water 

temperature during flashing is controlled by the cold water line valve (V5).                           

     In order to  ensure certain temperature difference between  the boiler outlet  and  

inlet ,  water  flow rate inside the boiler is adjusted by mean of  the  same  valves (V1 

and V2) . The hot water circulation rate inside the test section is measured using flow 

meter (FM) of range (0.2-3 m
3
/hr). In order to shorten the elapsed time required for 

the water to reach its steady state temperature, i.e constant temperature at test section 

inlet, the main parts of the experimental system are insulated with proper thermal 

insulation. Cold water at normal laboratory temperature (18 C
0
) is added to the 

circulating water before the pump inlet by means of manually operated valve (V5) to 

balance the heat inside the system. For the purpose of mass balance, water is drained 

from the lower part of the test section by means of gravity action through valve (V4).  

     The fluid inside the test section is ionized by passing a (D.C) current across two 

electric poles at position (E1 and E2), see Fig. (1). The positive pole is fixed in 

position (1) ,while the negative pole is fixed in position (2) .The ionization current is 

measured at constant voltage by means of (12V – 10A ) D.C power supply type (PC-

10A ) . These measurements are repeated at five different ionization currents, (3, 4.5, 

5.5 and 7 A) using constant voltage power supply of (12V). 

 

  

THEORITICAL ANALYSIS  

 

The assumptions and the formulation of mass, momentum and energy equations 

shown below, described in details by (IZZAT, 2003). 
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Mass equation:  

0
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                                                                                                                      (1) 

Where:      

     M   = ρf Uf Asf  + ρg Ug Asg                                                                                   (2) 
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 Substitute for:  

Cos θ = 1 since the flow in our case is in vertical direction pipe:   
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Energy equation: 
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After formulation of these equations the following final equations are used in the 

computer program to conduct the theoretical calculations: 

s
x
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Where:  

s: is the slip ratio between the phases  
f

g

U

U
s                                                   (10) 

 

 





























































z

P

P

x

zh

TTCp
UUUU

D

Uf

Dz
D

UUa

dz

d

dz

dU
U

fg

ii
ffggfg

fffgf

fg

f

ff

)(
)1()(

)1(

1

2

1

)1(

1

2

4
)1(

12

1

2

2
2

















                                 (11) 

 

 






















































z

P

P

x

zh

TTCp
UUUU

z
D

UUa
g

dz

dP

dz

dU
U

fg

ii
ffggg

gf

g

g

gg

f

f

)(
*)1()(

2

1

4
)1(

121

1

2
2












                                      (12) 

Where: 
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The first incremental value for the water temperature (Ti) at test section inlet is 

assumed to the initial value (T0). The initial value is estimated using the following 

heat and balance equation:   

  

 T0=


)*/(
)**

**)()(***14.3*
CpMi

TcCpMc

ToutCpMoutMiTaToutLDhcEPQI








     (15)                                                                                                                                                                                                                                                                                                                                                         

   

 Where:  

 EP: is the electrolysis power.  

EIEVEP *                                                                                         (16) 
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    The mathematical calculations in this research take under consideration the mass 

and heat balance of the whole system which is realized by modifying the 

mathematical calculations performed by Akram.W.Izzat, using full theoretical 

equations based on postulated assumptions instead of incorporation of some 

measurement results in the computer program as input data.  

     Equation (16) simulates the effect of the electrolysis on the heat balance equation. 

This equation equals zero when the flow is without electrolysis after substitution the 

current input value equals to zero, while during electrolysis process steam quality is 

calculated based on different current values and constant ionization voltage.   

 

RESULTS AND DISCUSSION  

 

- Fig. (2) show steam quality at test section exit versus the ionization current used for 

hydrogen bubbles generation at water inlet temperature (101.2C
0
). The figure clarifies 

the effects of the nuclei injection inside a saturated liquid on boiling enhancement. 

The curves plotted from the experimental and the theoretical results show that the 

steam quality in the exit of the test section increasing by increasing the amount of 

hydrogen nuclei generated inside the saturated water.  

     The effect of the non-equilibrium degree on the experimental results is clear when 

the saturated water flows in the test section without ionization. This makes a 

difference between the experimental and the theoretical results in such type of flow as 

shown in the figure. When water flows with electrolysis this difference becomes 

negligible as the electrolysis process eliminates the effect of the non-equilibrium on 

the experimental results. Accordingly the theoretical and the experimental results 

concur at certain ionization current.  

- Fig. (3) show flash inception point versus the ionization current at water inlet 

temperature (101.2 C
0
). The curves show that the flash inception point decreases by 

increasing the ionization current. The results obtained from the mathematical 

calculations coincide with those obtained from the measurements in the experiments 

without electrolysis while with electrolysis the experimental results show lower 

values than those obtained from theoretical due to the effect of hydrogen bubbles 

which initiates nucleate boiling earlier in the test section. 

- Fig. (4) show water non-equilibrium degree, 
0
C versus the ionization current at 

water inlet temperature (101.2 
0
C). From the curve it is clear that non – equilibrium 

degree decreases with increasing of the ionization current which in return decrease 

the distance of the flash inception point.                                                                                              

- Fig. (5-A&B) show the measured values of the local saturated water temperature 

and the saturation temperature based on local pressure versus test section length at 

constant mass flow rate and water inlet temperature. These figures show the position 

of the flash inception where the local water temperature equals to the saturation 

temperature. It is clear that this position is closer to the test section inlet when there is 

water electrolysis.  
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CONCLUSIONS  

 

- The steam quality in the test section exit increases (33%) proportionally with the 

injection rate of the hydrogen nuclei by using water electrolysis in the saturation 

water as the non-equilibrium degree decreases (42%) by increasing this percentage.   

- The flash inception point decreases as the ionization current increases at constant 

water inlet temperature and constant mass flow rate as the hydrogen bubbles acts as 

exciter for steam generation inside saturated water.  

- The behavior of the saturated water during flashing process as moving upward in a 

constant cross -section channel is similar to that induced in a multi- diameter 

divergent and convergent channel investigated by IZZAT, A. W. (2003), which 

means that the channel shape has a slight effect on the process in low water velocity.  
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NOMENCLATURE 

SYMBOL DESCRIPTION UNITS 

Cp Water heat capacity J/kg K
0
 

D Diameter of the section m 

EI Current of the electrolysis A 

EV Voltage of the electrolysis V 

hc Heat transfer coefficient between the test 

section wall and the  surrounding 

W/m
2  

K
0
 

L Test section length m 

Mi Initial water mass flow rate kg/s 

Me Exit water mass flow rate kg/s 

QI Heater power W 

Tc Surrounding temperature K
0
 

T0 The initial value of the water temperature at 

test section inlet 

K
0
 

Te The water temperature at test section exit K
0
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Fig. (1): The experimental system layout 

 

B
A

R

F
ig

u
re

 (
3

-1
) 

T
h

e 
ex

p
er

im
en

ta
l 

sy
st

em
 l

ay
o

u
t 
. 

S
ta

ti
c 

p
re

ss
u

re
 

m
ea

su
re

m
en

t 
ta

b
s 

to
 

b
e 

co
n

n
ec

te
d

 t
o

 t
h

e 

p
iz

o
m

et
er

s

E
le

ct
ri

ca
l 

h
ea

te
r

B
o

il
er

M
ai

n
 

ci
rc

u
la

ti
o

n
 

p
u

m
p

V
1

V
2

V
3

V
4

C
o

ld
 w

at
er

 

in
le

t 
fo

r 
te

st
 

ri
g

 f
il

li
n

g
 a

n
d

 

co
m

p
en

sa
ti

o
n

 

o
f 

ev
ap

o
ra

te
d

 
w

at
er

V
5

T
es

t 
h

o
le

s 
fo

r 
te

m
p

er
at

u
re

 

m
ea

su
re

m
en

ts
 a

n
d

 

io
n

iz
in

g
 w

at
er

 

The condenser

S
to

p
 

w
at

ch

C
o

n
d

es
ed

 
st

ea
m

 

co
ll

ec
ti

o
n

 

fl
as

k
T

h
e 

p
o

w
er

 s
u

p
p

ly

E
n

la
rg

ed
 g

la
ss

 t
es

t 
se

ct
io

n
 p

ar
t 

u
se

d
 f

o
r 

st
ea

m
 

se
p

ar
at

io
n

P
re

ss
u

re
 g

ag
e 

(P
G

)

Bypass line 

E
1
  

  

E
2

  

(3
)

(1
)(2

)

W
at

er
 

le
v

el

C
o

o
l 

w
at

er

F
lo

w
 

m
et

er
 

(F
M

)

T
es

t 

se
ct

io
n

T
o

 d
ra

in

T
o

 o
u

tl
et

 a
ir

 

b
u

b
b

le
 

 



Journal of Engineering Volume   16   September   2010 Number 3 
 

 

 5630 

                    
                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2): Steam quality at test section exit versus the ionization current at 

T1=101.2 C. mass flow rate=0.1722 kg/s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
Fig. (3): Flash inception point versus the ionization current at T1 =101.2 C, mass 

flow rate =0.1722 kg /s. 
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Fig. (4): Measured value of the non-equilibrium degree in the flash inception 

point versus the ionization current at T1=101.2 C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5A): Experimental and theoretical saturation water temperature 

distribution along test section length at T1=101.2C, mass flow rate =0.1722 kg/s 

(without water electrolysis). 
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Fig. (5B): Experimental and theoretical saturation water temperature 

distribution along test section length at T1=101.2C, mass flow rate =0.1722 kg/s 

(with water electrolysis), current=3A. 
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