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Conclusions

The piston motion effect on the power
output from a Stirling cycle machine is
evaluated. The power produced when the
pistons have continuous motion is lower
than the power produced from the ideal
cycle for all operational temperature ratios.
The power ratio decreases as the
temperature ratio increases. For a
temperature ratio of 1.5, the highest
produced power is 97% of the ideal cycle
and occurs that occurs and phase-shift of
81°.  Operating at +10° off the highest
power phase shift condition reduces the

Nomenclature

A Cross sectional Area of the
working space

B1&B> Parameters describing the modified
motion pattern Eq.(22)-(23)

Cp Fluid specific heat at constant
pressure

Cy Fluid specific heat at constant
volume

M Total mass of the working fluid
filling the machine
m Mass of the working fluid inside
each compartment of the machine
Pressure
Heat
Gas constant
Entropy
Temperature
Volume

<SNL=IQ T
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Operating at £10° of the maximum power sinusoidal motion pattern. For modified

phase shift condition reduces the output sinusoidal motion, the output power drops

power by 2%. from 88% to 78% at the highest phase shift
condition

Moreover, at the highest output
phase shift condition, the power output
ratio drops from 97% to 93%, as the cycle
temperature ratio changes from 1.5 to 3, for
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Figure 5. Variation of output power with phase shift for different temperature ratios
(Sinusoidal motion).

1.0 - -
—|—t=1.5

5 09 ——t=2

= )./rl\ —A—t=25

: 7

Q

< 0.7

S

s o

]

Eﬁ 0.5 Q\k!
0.4 -3
0.3

10 20 30 40 50 60 70 80 90 100 110 120 130

Phase differrence, 6

Figure 6. Variation of output power with phase shift for different temperature ratios
(Modified motion).



Effects of Piston motion on the power generated by Stirling cycle machines

1
F\
0.9 NN
. \
N \
0.8 DS >
* \
ﬂ.:\ 0.7 N\ \\
2 0.6 < -
(2) : . “
A 0.5 oy > =
~ ~ ~
0.4 - =
0.3 ¥ oA
0.2
0 0.2 0.4 0.6 0.8
Volume, V*
1
] S ~
0.9 Y X
\ . N\
AT N
\ N
N\ N
N 0.7 { N\ N ~ \
A > S \
* 0.6 < <
(b) e \ AN Na \
z 0.5 N F~T
5] S ~
& 0.4 . e Tis )
\\_)_):\'
0.3
0.2
0 0.2 0.4 0.6 0.8
Volume, V*
1
\ \
\
o b \ \
\ N ~
0.8 Y <
\ N\
¥ 0.7 A
- \ N
g N N
5 0.6 " -
g s > N
c [] > \
( ) E 0.5 \ {7 > L < \
0.4 N S =
\ =S ~ . S - \)
0.3 — gD
0.2
0 0.2 0.4 0.6 0.8
Volume, V*

Figure 4. The Stirling cycle as P V plot fir the three piston’s motions

( __ compression,

Similarly, Fig. 6 shows the power
output ratio when the piston has the
modified motion given by Egs. (22)-(23)

___compression)

95

and Fig. 3 (c¢). The highest output power
reached is 88% of the power from an ideal
cycle and obtained a phase shift of 55°.
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—yp (e y e

— T¢  Te
dp_ﬁ+y(m+ﬁ+ﬁ)+ﬁ (14)
T¢ The  Tr  Te) ' Te

The change in the temperature of the fluid inside

the compression and expansion spaces can be

related to the change in the mass, volume, and
pressure through the ideal gas law as

dT, =T, (5 + 5 - )

P Ve me (1 5)

dT, =T, (5 + 5 — 2

P Ve Mme

The above analysis shows how the properties of

the working fluid are related and calculated once

the motion of each piston is known. The

expansion and compression work can then be

evaluated as

dW, = PdV,

dW, = PdV, (16)
dw = dW, + dW,
W=Ww,+W, (17)

Results and discussions

The model presented above yields the power
output from Stirling engine when the motion of
the pistons is defined. The model power output is
evaluated for three different motion patterns given
by Egs. (18)-(23). Equations (18) and (19) show
the first pattern, it is the discontinues motion of the
ideal Stirling cycle. This motion is plotted in a
dimensionless scale in Fig 3 (a) for the
compression piston, x;., and the expansion piston
Xle.

(1 0<t<——
2w
2-2%  Z<e<Z
T w w
Xic = 3 - 3 (18)
ettt
0 w_t_Zw
k2“)_t_3 3—nStS£
T 2w w
(22 o<t<Z
T 2w
1 —<ts<-
w w
x1€=< wt T 3 (19)
— Tt D
3 21‘[ w_t_Zw
L 0 3—nStS£
2w w

Similarly, equations (20) and (21) show the
second motion pattern, it is a typical continuous
sinusoidal motion as plotted in a dimensionless

scale in Fig 3 (b) with a phase shift, o, between
the compression piston, x2., and the expansion
piston x2e.

Xye = 1+ cos(wt) (20)
Xpe = 1 + cos(wt + ) (21)

Similarly, equations (22) and (23) show the third
motion pattern, it is a modified sinusoidal motion.
It consists of two sin functions combined by two
constants B and B; as plotted in a dimensionless
scale in Fig 3 (c) with a phase shift, o, between the
compression piston, x3., and the expansion piston
X3e.

B, cos(wt)+\/(Bzz—Bf sin2(wt))

X3c = 5 (22)

B, cos(oot+0c)+\/(322—Bl2 sin2(wt+a))

X3e = B +B, (23)

where B and B; are constant parameters to define
the piston’s motion profile and the dwelling
duration (angle) [25].

Figure 3 shows the position of the pistons
during a full working cycle for discontinuous ideal
pattern as well as for the two continuous motions
with a specified phase shift between the
compression and expansion pistons. Similarly,
Fig. 4 shows the Stirling cycle resulted from such
motions, plotted on the P-V diagram, at the
highest work output condition.

Figure 5 shows the power output for the sinusoidal
motion, Egs. (20)-(21) and Fig. 3 (b), as a ratio to
the power produced by an ideal cycle operating at
the same temperature ratio, t. The results show
that low temperature ratios bring the output power
closer to the output of ideal cycle for all phase shift
angles. The highest output power reached is 97%
of the ideal cycle, it occurs at a phase shift, a, of
81°. Moreover, the output power changes with the
phase shift. Operating at £10° of the maximum
power phase shift condition reduces the output
power by 5-7%.
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WO=£O 0

Xe(t) = fe(t + a)

The volume of each working space depends on
the piston position as,

V(1) = Ac x.(t) + Vdc} )

Ve (t) = A x(€) + Vge
Note that A¢ and A. are the cross-sectional areas
of the compression and expansion spaces,
respectively, similarly, Vac and Vg are the dead
volumes in the compression and expansion spaces,
respectively. Although the mass of the working
fluid in each compartment changes during
operation, the total mass filling up all the
compartments of the Engine is constant,

Mgt =m,+ mpy +m, +my +m, (3)
But dM;,=0 Therefore,
dm,+dm, +dm, +dmy+dm, =0 (4)

The ideal gas law relates the mass of the fluid
occupying each compartment of the engine to the
volume, pressure and temperature of each
compartment as follows,

PV,
Me =7 T, )
_ PV
T ORTk
_ PV,
R (To—T¢) ln(;—i)
PV
RTp
_ PV,

€ T RT, J
Substituting the relations from Eq. (5) into Eq. (3)
yields,

my

my

"

)

Tnh=

v PV PV PV
tot —
RTe RTe p(r,—T,)In (%)
+ 2V PVe (6)
RT, RT,

To obtain the mass flow rate entering or leaving
each compartment, one may use the first law of
thermodynamics in the differential form. In the
absence of the variations in kinetic and potential

energy, and assuming the working fluid to be an
ideal gas the first law of thermodynamics in the
differential form is

dE., = 6Q — W + dH;;, — dH yy; (7

The heat exchangers, the regenerator, and each
working space, at every instant, either receive or
deliver fluid, moreover, the compression space is
adiabatic, and the work is a boundary work W =
P dV, therefore the first law of thermodynamics,
Eq. (7), becomes,

¢, dim.T,) = =P dV, + ¢, T, dm, (8)

Note that for ideal gas m T = PITV, therefor Eq (8)

can be rewritten as

2 [PdV, +V,dP] =P dV, + ¢, T.dm, (9)

Rearranging Eq. (9), the change in the mass
inside the compression space becomes

%dmp ave

dm, = B (10)
Similarly, the change in the mass in the
expansion space is,
Yeap+p av,
Y

dm, =+t——= (11)

RT,

The volume and the temperature of each heat
exchanger and the regenerator are fixed, therefore
the ideal gas law gives the change in the mass
inside them as

dmy, =~ dp
k™ Rrry
vy
= R—TrdP (12)

dm,, = RV—Thth

dm,

The mass balance on the heat exchangers gives,

mey, = —dm,
Myer = Mgy — dm,
Mep, = dm, (13)

Myp, = Mpe — dmy,

Substituting from Egs. (10)-(13) into Eq.(4), the
change in the pressure in the machine is,
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cycle output power may increase when the
pistons motion adjusted to a modified type
of a sinusoidal motions. An optimum
performance should balance between
maximizing the output power and the
overall performance [24-25]. A way to
minimize the deviation between the
sinusoidal and the discontinuous motion to
control the phase shift between the motion
of the compression piston and the
expansion piston [26-28].

The aim of the present paper is to
show the effect of the motion pattern on the
performance of a Stirling engine. The heat
addition and heat rejection in Stirling cycle
occur along isothermal  processes,
therefore, the power output is chosen to be
the performance indicator to compare effect
of different motion patterns. The two
pistons are given are prescribed motion
with a fixed frequency and a phase shift.
Two different motion patterns, sinusoidal
and modified sinusoidal, are examined
against the discontinuous motion of the
ideal cycle, at different operational
temperature ratios and different angles of
phase shifts.

2. Analysis

Figure 2 shows a schematic of a
Stirling engine that consists of an expansion
space, a hot heat exchanger, a regenerator,
a cold heat exchanger, and a compression
space. The expansion and compression
spaces are called working spaces. Each
working space is a piston moving inside a
cylindrical chamber and encloses ideal gas
as the working fluid. As the pistons move
the fluid transfers from one expansion
spaces through the two heat exchangers and
the regenerator until it reaches the other
working space.

In details, as pistons move, the
volume and the pressure in each
compartment of the machine change. The
pressure difference causes the mass to
move from one side of the machine to the
other. Urieli and Berchowitz [6] presented
a simple model for these changes, based on
which a theoretical model to relate the
machine performance is presented below.
The analysis assumes that the working is
ideal gas, perfect regenerator, isothermal
heat exchangers, and adiabatic hot and the
cold working spaces.

Expansion
Space

Compression
Space ;
' Cold Side Hot Side
[ Heat Exchanger Ristisiatonr Heat Exchanger
T | - |

e

NI]]

—)

Figure 2. Schematic of a typical Stirling Engine

The model starts by describing the motion, x. and
xe of the compression and expansion pistons,
respectively, as a function of time. There is a time

lag (phase shift), «, between the motion of the
two pistons, Eq. (1).
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between the two working spaces absorbs
and rejects heat as it moves between the two
working spaces.

(a)

(b)

Figure 1 Stirling Cycle, (a) PV diagram, (b) TS diagram

Efforts to improve the performance
of Stirling machines never stop, several
attempts have been reported in the literature
[7-11]. These include optimizing operating
temperature and pressure ratios [7-8],
comparing different working fluids [9],
examining the effect of the ratio of the dead
volume and the details of the piston motion
[10-12]. Results of both experimental and
analytical studies on the performance of
Stirling engines [13], Stirling heat pumps
[14-15], and Stirling liquefiers and coolers
[16-18] are available.

The pistons of the ideal Stirling
cycle have a discontinues motion, the
pistons in real Stirling machines, however,
move in continuous motion. Discontinues
motion is difficult to maintain, therefore,
sinusoidal motion is usually the chosen
pattern.  Although Sinusoidal motion is
easy to maintain, it yields a lower
performance compared to discontinuous
motion. This is expected because the
pistons speed in sinusoidal motion is slower
near the cylinder's two dead centers and
faster near the middle of the stroke. This
does not happen in the discontinuous
motion. The difference in the motion

pattern determines the change in the mass
flow rate of the working fluid entering to
and leaving (or dwelling) the working
spaces the ultimately affects the
performance of the machine because. The
details the motion of the pistons along with
the type of the thermal process determine
the changes in temperature and pressures of
the working fluid throughout the different
states of the cycle, and therefore, the shape
of the thermodynamic cycle.

Ranieri et al [19] reported a 65%
reduction in the efficiency when the pistons
of an alpha type Stirling engine have a
sinusoidal motion. Cervenka [20] reported
a power drop by 82% when pistons move in
sinusoidal motion compared to the
discontinuous motion of the ideal cycle.
Briggs [21] achieved 14% power increase
by manipulated electrically the sinusoidal
volume change of a free-piston Stirling
engine. By using a linear electric motor
Gopal [22] reported a 15% increase in
efficiency. Craun and Bemiah [23]
reported that a non-sinusoidal motion
enhances the performance of the Stirling
engine by 40% more than to sinusoidal
motion. Masser et al [24] reported that the
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Effects of Piston motion on the power generated by
Stirling cycle machines

Majed M. Alhazmy”
Mechanical Engineering, King Abdulaziz University, Jeddah, Saudi Arabia

Abstract. This paper uses a simple model to estimate the power output of Stirling engine when
giving the pistons a continuous motion with a prescribed pattern, fixed frequency, and a
variable phase shift for different operational temperature ratios. Two continuous motions
patterns, sinusoidal and modified sinusoidal, have been examined against the discontinuous
motion of the ideal cycle. The power produced from engines having continuously moving
pistons is lower than the power produced from the ideal cycle. The power ratio decreases as
the temperature ratio increases. the highest produced power with a temperature ratio of 1.5, is
97% of the ideal cycle and it occurs at a phase-shift of 81°. Operating at +10° off the highest
power phase shift condition reduces the output power by 5-7%. For modified sinusoidal
motion, the highest output power is 88% when the phase shift is 55°. Operating at +10° off the
maximum power phase shift condition reduces the output power by 2%. Moreover, at the
highest output phase shift condition, the power output ratio drops from 97% to 93%, for
sinusoidal motion as the cycle temperature ratio changes from 1.5 to 3. For modified sinusoidal
motion, the output power drops from 88% to 78% at the highest phase shift condition.

Keywords. Stirling machines, Piston’s discontinuous motion, Piston’s continuous motion
Performance of Stirling machines

1. Introduction Figure 1 shows an ideal Stirling
cycle that consists of four reversible
processes performed by inviscid ideal
working fluid. The four processes of the
Stirling cycle are isochoric heat addition,
isothermal expansion, isochoric heat
rejection and isothermal compression.
Figure 2 shows a schematic of the Stirling
machine. The machine has two pistons
each 1is contained inside a separate
isothermal cylinder. The piston-cylinder
arrangement is called working space that is
maintained at a specific temperature. The
two cylinders are connected by an ideal
regenerator. The working fluid shuttles

Oil high prices, pollution control,
and global warming reducing policies call
for replacing the traditional power systems
with environmentally safe power sources
[1-3]. Stirling cycle machines operated by
solar energy or waste heat are promising
future solutions for engines [4] and coolers
[5]. Stirling machines are regenerative
closed cycle machines that have low noise
levels and high efficiency and can operate
at low temperatures or at elevated
temperatures [6].
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Figure 5: Comparison between SCP and ICCP

If ICCP were to compare with SCP, then it
can be seen that ICCP is much better than
SCP (Figure 5), with negligible corrosion rate
in the case of ICCP. It was found that the
condenser tubes had the corrosion deposit
because of biopolymer/slime formation and
stress corrosion cracking in presence of
ammonia. Copper alloys also exhibits the
Erosion corrosion mechanism until the water
flow in the tube reaches the critical velocity
which then accelerates the erosion. The
normal protective film on Al-brass is not
formed in the presence of chlorine.

4. Conclusions

It is concluded that the initially corrosion rate
was high, so more protection against
ammonical corrosion was required at the
start. Ammonical corrosion increase with
increase in temperature, so temperature
should be controlled to minimize ammonical
corrosion. The air ejection system must be
efficient to remove ammonia in air cooler
zone. By comparing sacrificial cathodic

protection (SCP) and impressed current
cathodic protection (ICCP), it is concluded
impressed current cathodic protection is
better. Small amount of current will be
required in impressed current cathodic
protection i.e. only less than ImA/dm?. Zn is
suitable anode material used in impressed
current cathodic protection. By adding alloy
elements such as Be metal, corrosion
resistance properties of Al-Brass can be
increased.
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SCP is efficient method to reduce ammonical
corrosion, as shown in Figure 5. In this case,
the Al-Brass material act as cathode, while
Zn act as anode. So, Al-Brass material is
protected, while Zn corroded [20], see Table
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6. ICCP is an excellent method to reduce
corrosion. In this case, a DC current is
applied externally with the help of power
supply. Only less than 1 mA/dm? is required

(Table 7).

Table 6: Sacrificial cathodic protection

Exp. Time Coupon | Surface Area Initial Final Corrosion
No. (hrs) No. (dm2) Weight (g) | Weight (g) | Rate (mdd)
1 3.20 01 0.22 9.0933 9.0922 1.56
(Al-Brass)
4 (Zn) 0.15 4.8170 4.8130 8.33
2 90 01 0.22 9.0587 9.0594 !
(Al-Brass)
2 (Zn) 0.15 8.5112 8.4066 7.75
Table 7: Impressed Current Cathodic Protection
Exp. Curre Coupon Surface Initial Final Wt.
No. nt No. Area g;lght g)e@ht deposited
(mA) (dm2) (mg)
1 14.5 07 (Al-Brass) 0.11 4.3161 4.3262 10.1
4 (Zn) 0.15 8.1470 8.1140 33
2 9 07 (Al-Brass) 0.11
2 (Zn) 0.15 7.8773 7.8546 22.7
3 3.0 07 (Al-Brass) 0.11 4.2243 4.2236 6
06 (Zn) 0.15 8.0498 8.0366 13.2
4 1.0 07 (Al- 0.11 4.2047 4.2043 4
Brass)
04 (Zn) 0.15 4.7341 4.7285 5.6
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determined by using weight loss method.
Experiments also conducted to determine
effect of impressed current cathodic
protection (ICCP) on corrosion rate of Al-
Brass material. The specimens were placed
in beakers containing 10% ammonical
solutions for different time. Al-Brass (used as
cathode, material to be protected) was
connected to negative terminal of battery,
while positive terminal is connected with Zn
metal (used as anode) as done by a number of
authors [15-18]. These specimens were
weighed and surface area was measured.

~1

(WU SO |

&

Corrosion Rate (mdd)

] 50 100

Time (hrs)

Then it is dried and weighed again. Then
corrosion rate was determined by using
weight loss method.

3. Results and Discussion

The effect of corrosion rate was studied, and
it was found that the initially corrosion rate
increases due to absence of oxide layer, and
then decreases due to formation of oxide
layer as shown in Figure 1.

—+—Al-Brass

150 200

Figure 1: Corrosion rate vs time

An increase in temperature will tend to
stimulate corrosive attack by increasing the
rate of electrochemical reactions and
diffusion processes. For a constant humidity,
an increase in temperature would therefore
lead to a higher corrosion rate as shown in
Figure 2. Raising the temperature will,
however, generally lead to a decrease in
relative humidity and more rapid evaporation
of the surface electrolyte [19-21].

For closed air spaces, such as indoor
atmospheres, it has been pointed out that the
increase in relative humidity associated with
an increase in temperature will cause more
corrosion rate (Figure 3). Comparison
between corrosion rate of open to atmosphere
(OTA) and closed to atmosphere (CTA). In
case of OTA, there is less corrosion rate
because of decrease in humidity than CTA
(Figure 4).
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emery paper. Then specimens were weighed
and surface area was measured. Then
specimens were placed in beakers containing
10% ammonical solutions. Then these
beakers were placed in water bath for
different temperature (32°C, 40°C, 60°C,

80°). Then it is dried and weighed again.
Then corrosion rate was determined by using
weight loss method (Table 4).

Table 4: Effect of temperature on Al-Brass Materials when open to atmosphere

Experiment# | Coupon # Temperature | Initial weight | Final Weight | Time of Dip Corrosion
C (W1) gm W2 (am) (Hr) Rate mdd
1 6 32 9.9828 9.9810 2 3.75
2 3 40 11.7987 11.7945 3 5.19
3 3 60 12.1411 12.1304 5.45 7.27
4 3 80 11.9147 11.9079 5.30 4.75
Experiments to determine effect of closed so that dissolved oxygen can not come

temperature (close to atmosphere) on
corrosion rate of Al-Brass material. The
specimens were cleaned and polished by
emery paper. Then specimens were weighed
and surface area was measured. Then
specimens were placed in beakers containing
10% ammonical solutions. These beakers are

out the solution. Then these beakers were
placed in water bath for different temperature
(32°C, 40°C, 60 °C, 80 °C). Then it is dried
and weighed again. Then corrosion rate was
determined by using weight loss method
(Table 5).

Table 5: Effect of temperature on Al-Brass Materials when close to atmosphere

Experiment | Coupon Temperature | Initial Final Time of | Corrosion
# # C weight Weight Dip Rate
Hr)

(Wl gm | W2 (gm) | ( Mdd
1 6 40 9.8340 9.8321 3 2.64
2 4 60 11.9521 | 11.9258 | 5.45 17.87
3 6 80 99114 9.9040 5.15 5.99
4 4 80 11.5485 | 11.5378 |3 13.21

Experiments to determine effect of sacrificial
cathodic protection (SCP) on corrosion rate
of Al-Brass material. The specimens were
cleaned and polished by emery paper. Al-
Brass (used as cathode, material to be
protected) was placed along with Zn metal

which is used as anode. These specimens
were weighed and surface area was
measured. Then specimens were placed in
beakers containing 10% ammonical solutions
for different time. Then it is dried and
weighed again. Then corrosion rate was
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Table 2: Surface areas of coupons

No. Lavg Wang Targ SA (cm?) SA (dnm?)
1 3.7 2.76 0.12 21.9744 0.219744
2 3.483333 3.413333 0.12 25.43476 0.254348
3 3.64 3.473333 0.12 26.99307 0.269931
4 3.716667 3.456667 0.12 27.41616 0.274162
5 3.696667 3.456667 0.12 27.27309 0.272731
6 3.55 3.15 0.12 23.973 0.23973

By using following formula, surface area was
obtained (Table 2).

SA=2x(LxW+WxH+HxL)

To find out corrosion rate of Al-Brass,
“Weight loss method” was adopted, and the
corrosion rate was calculated using the
following formula:

Corrosion rate = Wt. loss / (surface Area x
Immersion Time)

Experiments were conducted to determine
effect of time on corrosion rate of Al- Brass
material. Also experiments to determine
effect of temperature (open to atmosphere)

on corrosion rate of Al-Brass material and
same was repeated to determine effect of
temperature (close to atmosphere) on
corrosion rate of Al-Brass material. The
effect of sacrificial cathodic protection (SCP)
on corrosion rate of Al-Brass material was
also investigated. Studies were also done to
determine effect of ICCP on corrosion rate of
Al-Brass material. The specimens were
cleaned and polished by emery paper. Then
specimens were weighed and surface area
was measured. Then specimens were placed
in 10% ammonical solutions for different
time. Then it is dried and weighed again.
Then corrosion rate in milligram per square
decimeter (mdd) was determined by using
weight loss method. Table 3 summarizes the
experimental methodology for corrosion rate
for Al-Brass materials when open to
atmosphere.

Table 3: Corrosion rate for Al-Brass Materials when open to atmosphere

Experiment # Coupon # Initial weight Final Weight | Time of Dip | Corrosion Rate
(W1) gm W2 (gm) (Hr) mdd
1 6 9.9810 9.9810 2 3.75
2 3 12.0679 12.0058 40 5.75
3 4 11.8603 11.7668 90 3.79
4 3 11.7126 11.6615 143 1.32

Experiments were conducted to determine
effect of temperature (open to atmosphere)

on corrosion rate of Al-Brass material. The
specimens were cleaned and polished by
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with passage of time, experiments are
performed for various time [6]. Experiments
are also done to know the effect of
temperature of ammonical corrosion of Al-
Brass material. It is seen that, with the
increase in temperature, corrosion rate
increases. A study was conducted to
determine the feasibility of cathodic
protection of Al-Brass material with Zn
metal. A laboratory cell was used to
determine required current density for Al-
Brass material using SCP. Also effective of
Impressed Current Cathodic Protection
(ICCP) is compared with sacrificial cathodic
protection (SCP). It is seen that ICCP is more
effective than SCP [8].

Ammonical Corrosion and its Prevention
Aluminum-Brass tubes are being used in
condensers and heat exchangers since long
time because of the fact that this material 1s
relatively cheaper [9]. But the tube failure
history indicates a higher failure rate with this
material. The problems are being resolved by
studying and implementing the
recommendations from plant to plant. Failure
analysis of tubes removed from west water
box reveals that central zone tubes (air cooler
zone) suffered ammonia corrosion attack (on

outside tubes) while remaining zones
suffered internal erosion-corrosion and
deposits of marine organism [10.11].

In power plant condensers, the ammonia
attack has been observed in air cooler zone on
external surface of condenser tubes on the hot
well side. The severe grooving is found, more
prominently at support plate with wall
thickness reduction of more than 50%. The
source of ammonia is from the breakdown of
hydrazine (added to boiler feed water)
dissolved in the condensed water in the air
cooling zone. This ammonia trickles down
the tube support plates creating groove-like
corrosion. This is owing to poor resistance of
Aluminum Brass against any ammonia
present. This ammonical corrosion can be
prevented by following ways [12-14].

2. Materials and Methods

At laboratory scale, the electrolysis process is
used to study the condenser tube corrosion.
By using this process we can determine the
effectiveness of ICCP, and compare to that of
SCP. Required surface area of sample was
determined with the help of Vernier caliper
and following readings were obtained (Table

1);

Table 1: Dimensions of coupons

No. L1 L2 L3 Wi

w2 w3 T1 12 T3

3.68 3.72 3.7 2.72
3.5 3.45 3.5 3.42
3.62 3.65 3.65 3.48
3.68 3.71 3.76 3.48
3.68 3.71 3.7 3.48
3.55 3.55 3.55 3.15

AN L AW =

2.78 2.78 0.12 0.12 0.12
3.42 3.4 0.12 0.12 0.12
3.46 3.48 0.12 0.12 0.12
3.44 3.45 0.12 0.12 0.12
3.44 3.45 0.12 0.12 0.12
3.15 3.15 0.12 0.12 0.12
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Harsh Process Conditions

Dheya Sh. Al-Othmani'
Nuclear Engineering, King Abdulaziz
University, Jeddah, Saudi Arabia

Abstract. Nuclear Power Plants condensers face various problems during their lifetime. One of
very common problem is the leakage of Al-brass condenser tubes. Usually with the extended
operation of condensers for 20 year or so, one can expect replacement of about 15-20% of
condenser tubes due to leakage. One of the significant reasons of leakages of condenser tubes is
ammonical corrosion. This ammonical corrosion can be minimized by controlling temperature
along with various prevention method of corrosion. Current method used in power plant
condensers is Sacrificial Cathodic Protection (SCP). A number of experiments were performed in
the lab to protect corrosion by using SCP as well as the Impressed Current Cathodic Protection
(ICCP). It was found that the ICCP is much better than SCP.

Keywords: condensers, nuclear power plants, leakages of tubes, corrosion, sacrificial cathodic
protection,

1. Introduction Aluminum-Brass tubes are being used in
condensers and heat exchangers since long
time because of the fact that this material is
relatively cheaper. But the tube failure
history indicates a higher failure rate with this
material [4]. The problems are being resolved
by studying and implementing the
recommendations to different power plants.
Failure analysis of tubes removed from west
water box of condensers reveals that central
zone tubes (air cooler zone) suffered
ammonia corrosion attack (on outside tubes)
while remaining zones suffered internal
erosion-corrosion and deposits of marine
organism [5].

The recent trend toward all volatile
compound using ammonia and ammonia
compounds to control feed water chemistry
in nuclear power plant, accentuates, the need
for careful selection of corrosion resistance
condenser tube alloys. Hydrazine is
commonly employed in steam generator
power plant system to scavenge O, adjust
PH and reduce the corrosion rate of steel.
These chemicals are readily dissolved in
boiler feed water [1,2]. In contrast to
ammonia, they do not tend to concentrate in
subcooled condensate in air cooler section of
steam condenser. This hydrazine can

breakdown to some extent ammonia with the The concentration of ammonia and oxygen is
result of ammonia concentration at somewhat sufficiently low to cause any corrosion.
lower level than occurs with straight However high concentration of ammonia and
ammonia injection [3]. oxygen can develop in air cooler sections of

condensers, which can cause corrosion of
copper alloys. To know the corrosion rate

I Corresponding author: dothmany@kau.edu.sa
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elastane. When cotton fabric is slid against
various garments, the amounts of static charge
vary on the composition of the various fibres
in the apparel [20].

At moist working circumstances, a larger
amount of static charge was measured,
indicating that the water was well conductive.
It is possible to propose the usage of cotton
clothing in various healthcare settings based on
this finding.
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Fig. 16. Electrostatic charges generated
from sliding of doctor’s gloves against blue
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from sliding of doctor’s gloves against blue
clothes for worker’s in operating theatres,

dry condition

4 Conclusions

1. To achieve effective work, the performance
of gloves and garments must be reevaluated at
medical institutions using quality management
concepts. The amount of static charge
collected on the textile surface determines its
quality.

2. The finest grade textiles have the lowest
static charge values. More than the gloves, the

static charge created when sliding the gloves
accumulates on the material and clothing.
3. In dry conditions, the larger value of static
charge was 240 volts, as shown on yellow
clothing worn by physicians in operating
theatres.
4. For safe working in various workplaces, by
following quality management policies and
selecting textiles and clothing based on
electrostatic charge is pstrongly advised.
5. In order to improve the work place for
healthcare workers, it is crucial to give the
nuances that affect performance enough
consideration. Hand and glove performance is
extremely important for health care
professionals.
6. Glove makers, hospital administration, and
health-care personnel all need to be better
aware of the issues surrounding gloves. There
is a need for procedures and tools that can
detect issues with medical gloves.
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Electrostatic charge of doctor’s gloves sliding
against clothes for doctor’s in operating
theatres, 65%, Polyester + 35% Cotton, dry
condition, as shown in Fig. 14. Static charge
decreases with increasing normal loads. This
behavior may be related to the increase and
decrease in friction between the gloves and
textile. The maximum value of static charge
was observed on the textile at lower loads. The
minimum value of static charge was observed
at higher loads.
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Fig. 14. Electrostatic charges generated
from sliding of doctor’s gloves against
clothes for doctor’s in operating theatres,
65%Polyester + 35%Cotton, dry condition

Figure 15 Depicts the relation between
electrostatic charge and the normal load for the
worker’s gloves sliding against clothes for
doctor’s in operating theatres
i.e.,65%Polyester + 35% Cotton, in dry
condition. It is evident it as the typical load is

increased up to 60 N, the static electricity
increases.. Increase normal load over 60 N,
shows deduction in the static charge value. The
maximum value of static charge was 72 volts
observed at 60 N normal load.

120

# Esc on working Gloves B
M Esc on Textile

100

80

60

40

Electrostatic Charge, Volt

20

0 20 40 60 80 100 120
Normal Load, N

Fig. 15. Electrostatic charges generated
from sliding of worker’s gloves against
clothes for doctor’s in operating theatres,
65%Polyester + 35%Cotton, dry condition

Electrostatic charge generated from sliding of
doctor’s gloves against blue clothes for
doctor’s in operating theatres, dry condition is
shown in Fig. 16. As the typical power is
increased, electrostatic charge also rises. The
static charge levels represent the heights values
on textile materials, this value is may be related
to the damage of some devices in the OT’s. The
maximum value of static charge was 95 volts
observed at 120 N normal loads. This study
recommends using this type of clothes under
light load.

Electrostatic charge of worker’s gloves sliding
against the blue clothes for doctor’s in
operating theatres, in dry condition is shown in
Fig. 17. As the typical power is increased,
electrostatic charge also rises. Even after the
maximum static charge on clothing fabric
exceeds 70 volts, the static charge values are
still significant.

Previous studies have shown that the amount
of static charge that is deposited on textile
surfaces affects the material's quality. In places
with little static electricity, the quality is at its
greatest. The fabrics with the largest
electrostatic charge, which reached 70 volt,
were made of 97 percent cotton and 3 percent
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Fig. 9. Electrostatic charges generated
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Electrostatic charge of doctor’s gloves sliding
against the clothes of female patients is shown
in Fig. 10. Electrostatic charge increased when
normal loads were increaseding normal loads.
Increased static charge is related to decreasing
friction as the normal load increases; this
action increases the gap between gloves and
textile. The maximum value of static charge
was 67 volts observed at 80 N normal loads.
The content of the textile may have generated
more static charge.
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Fig. 10. Electrostatic charges generated
from sliding of doctor’s gloves against
clothes for female patients, dry condition

Fig. 12 Shows the relation between
electrostatic charge and normal load, for
doctor’s gloves sliding against the yellow
clothes for doctor’s in operating theatres. It can
be observed that when the normal traffic rises,
its electrostatic charge also does. This behavior
may be related to decreasing friction as the

normal load increases. The maximum static
charge was 230 volts, as observed on the textile
at 110 N normal load.
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Fig. 11. Electrostatic charges generated
from sliding of worker’s gloves against
clothes for female patients, dry condition

300

# Esc on doctor Gloves
250 - - M Esc on Textile

200

ary
wu
=]

100

Electrostatic Charge, Volt

50

0 20 40 60 80 io0 120

Normal Load, N

Fig. 12. Electrostatic charges
generated from sliding of doctor’s
gloves against yellow clothes for
doctors in operating theatres, dry
condition

Electrostatic charge of worker’s gloves sliding
against dry yellow clothes for doctors in
operating theatres is shown in Fig. 13. When
the usual load increased to 60 N, the static
charge grew a little, then shrank as the normal
load increased. 240 volts was the maximum
electrostatic charge it was observed at 60 N
normal loads. The reason for increasing static
charge is the lesser thickness of latex gloves.
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load of electrostatic charge. A large value of
electrostatic charge is generated from the bed
sheet. The maximum value of electrostatic
charge was 140 volts at 120 N normal loads.
This study recommends not using the bed sheet
under a higher load.
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Fig. 6. ESC generated from sliding of
doctor’s gloves against bed sheet with
content 50% cotton + 50% polyester, dry
condition

The electrostatic charge of worker’s gloves
while sliding against the bed sheet in dry
conditions is shown in Fig. 7. Electrostatic
charge increases when normal load is
increased. Worker’s gloves generated greater
electrostatic charge than doctor’s gloves. The
maximum value of electrostatic charge was
170 volt at 80 N normal loads. Hence, while
using these types of gloves, a light load is
beneficial to avoid the danger of static charges.

The electrostatic charge of doctor’s gloves
sliding against the clothes of male patients in
dry conditions is represented in Figure. 8. The
graph indicates that electrostatic charge
increases with increased normal loads. This
behavior may be related to more friction
between the gloves and textile. Decreasing
friction increases static charge and the gap
between gloves and textile increases static
charge. The maximum value of static charge
was observed on the textile (170 volt).
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Fig. 8. Electrostatic charges generated
from sliding of doctor’s gloves against
clothes for male patients, dry Conditions.

Figure 9 shows the static charge produced
when employees' gloves are pressed to against
clothing of male patients. Voltage generated
from the sliding of workers gloves against
clothes for male patients in dry conditions is
illustrated. The static charge increases to
maximum values with the increase in normal
loads to 70 N. Static charge decreases when
normal load is increased above 70 N. The
textile accumulated a larger amount of static
charge than the gloves.
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Fig. 5 Textiles and clothes used in hospitals

3 Results and discussion

Along with technical specifications, quality
evaluation is crucial for identifying materials.
The integration of relevant of textiles vary
from one another in that a fabric must be strong
and function well while also being supple,
stretchy, simple to form and pleat, and comfy

in terms of sensory perspective. The term
"fabric hand" is frequently to use when
discussing a technique for evaluating textiles
based only on their tactile qualities. Figure 6
shows the relation between electrostatic charge
and the normal load on sliding the doctor’s
gloves against a bed sheet in dry condition. It
is depicted in Fig. 6 with increasing the normal
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Fig. 1 Electrostatic charge (voltage) measuring device.

Using a test setup created and produced to
measure friction, the normal load while
rubbing the gloves against the textile of
clothes, and between cotton and clothes. Two
load cells are used to quantify the horizontal
force (friction force) and vertically force
applied to the tested textiles, which are put in a
base (normal load). Figure. 2 depicts the test
rig's configuration.

Sliding gloves of doctor and nurses in the
hospital against the textile is shown in Fig. 3.
The textile specimens were fixed on the table
and attached with the load cells. The load cells
measure the normal load applied from gloves
on the textile. While sliding, the electrostatic
charge was generated on the contact surface.
The electrostatic charge accumulated on the
gloves as well as the textile. Then the static
charge was measured on the surfaces of both
gloves and textile.
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fabrics, and upholstery fabrics) common
materials with a reputation for storing
electrical charge. Textile materials must be
created to have acceptable electrostatic
characteristics in order to prevent the
aforementioned negative impacts. Textile
materials act as an electric fee capacitor
because the dielectric substance is composed
up of fibers and air voids [14]. There existence
of an air gap in fibers and textiles can be
described as a mixed-type capacitor dielectric
layer to specify the electrical properties of
textile materials. As a result, a wide range of
electrical properties of fabrics or textile
products are affected by topography,
compactness, chemical and thermal treatment
of the final product, as well as the atmospheric
conditions in which the textile products are
employed, or electronic conductivity is
measured. Fabric material buyers seek out
goods created with acceptable electrostatic
characteristics. It is essential to measure and
evaluate their properties.

The majority of materials used to make textile
items are electric insulators, and the primary
electric characteristic that is measured is
surface resistance, which fluctuates wildly
between 1013 and 106 [15]. Highly surface-
resistance materials can carry an electrostatic
charge, as is common knowledge. A
significant electrostatic environment can be
generated. be created and maintained by an
amassed electric charge. A measurably large
surface potential can be used to identify this
electric field. When studied, Therefore, the
basic electrostatic properties of the textile
material can be revealed by the surface voltage
and voltage dynamics. The European
standards, which specify the test techniques for
evaluating surface resistivity, are available
here give widely-used techniques for
determining the electrostatic characteristics of
textile materials [16], Research and assessment
facilities for textile materials use Electrically
charged deterioration and electric conductivity
via a material [17, 18]. The Chinese standards
for evaluating static properties, static voltage
semi-decay of textile materials, and
electrostatic discharge testing of textiles [19]
also cover assessments of electrostatic
characteristics. Analyzing test procedures in

further detail reveals that measurements textile
materials are based on methods that, in some
cases, cannot provide accurate measurements
of electrostatic characteristics. enough details
about the tested products. The technique
outlined below has a few advantages from
measuring the total area voltages plus amount
of charges since the samples is affected by the
ion flux. at the same time to provide more
textile-related data. The technique can be
modified to measure the dispersion of contact
energy. So, in this post, we'll talk about a
method for directly measuring electrostatic
variables and how it might be used to look at
the electrostatic characteristics of textiles.

The present work aims to investigate the
quality of textiles in hospitals based on the
electrostatic charge generated from the contact
and separation. This is done by studying the
sliding of gloves doctors, nurses and workers
use in hospitals against textiles of clothes used
in dry working conditions.

2 Experimental Work

During operations in hospitals, doctors use
anesthetic gases. Some of these gases are
explosive. (i.e. oxygen). If the gas escapes into
the air, a tiny spark could make it explode. The
avoidance of static charge in operating theatres
and in the other rooms is necessary.

After measuring the electric static charge
(electric static field) with an electrostatic
charge meter, the (Ultra Stable Surface
Voltmeter), the contact and separation of the
specimens against rubber and to measure the
generated charge under applied loads; see Fig.
1. This device measures electrostatic charge
down to 0.1 volt on a surface, and up to 20 kV.
Readings (Volts) are normally done with the
sensor 25 mm from the surface being tested.
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in place procedures to save products
throughout their manufacturing,
transportation, and usage, as well as workers in
hazardous environments. Every standards
body has a system for surveying and reviewing
standards on a regular basis. Electrostatic
guidelines are updated to reflect technical
advancements and changes in  our
understanding of electrostatics. In order to
distinguish  between the context of
circumstances for secure employment, when
dangers to safety, loss, and protection of life
and equipment in explosive atmospheres are
vital, and regular living settings, the idea of
electrostatic rest is offered. However a method
which accounts for electrostatic relief
necessitates a thorough comprehension of
electrostatics and calls for particular answers,
electrostatic relief has not been widely
acknowledge. Static electricity problems are
frequently misunderstood, with electrostatic
discharges being blamed depending [2] or the
AC magnetic or electric forces, or even the
electrical assembly. Unrelieved tension and
psychosomatic weariness can be caused by
electrostatic discomfort. A technical reference
sheet on electrostatic rest connotation might be
extremely valuable for designers to utilize as a
guide. It may also be suggested in construction
codes to avoid situations that are difficult to
recover from.

In addition to technical specifications, sensory
assessment plays an important part in the
correspondence of materials. Textiles differ
from one another due to their fabricated
structures; a good one should be strong, have
good performance qualities, and be pliable,
elastic, easy to pleat and shape, as well as
pleasing to the eye and the senses [3]. The idea
of "fabric hand" is widely employed to come
up with a strategy for evaluating fabrics
spectacularly. The obsession of the textile
industry with "handle," or more broadly, "skin
spectacular wear comfort,” or "tactile
comfort," has given rise to an intriguing field
of study known as "handle," or more broadly,
"skin spectacular wear comfort," or "tactile
comfort."," as a result of current debates on
understanding and measuring consumer
preferences [4, 5] which also describes the full
range of sensations experienced when handling

or manipulating a fibers in the hands. Because
textile handling is dependent on human tastes,
It is obvious that to various people and
consumers, it means different things [6].
Confirmed fabric type choices are numerous,
and in some cases, even contradicting [7].
Hand has an impact on consumer preferences
and perceptions of product utility, as well as
the ability of retailers to sell clothing. This
fabric specification is having precise criteria
for developing and selecting fabric materials,
which are mostly textiles prepared for use in
apparels, for manufacturers, wear designers,
and merchandisers [8].

When identifying materials and technical
specifications, sensory evaluation is crucial.
Textiles integration of relevant must be strong
enough to fulfil their intended functions while
also being flexible, elastic, simple to pleat and
form, and pleasing to the eye and the senses.
The term "fabric hand" is frequently used to
identify a technique for the sensational
appraisal of textiles [9]. Current textile
industry research has focused on terms like as
"handling," "skin sensational wear comfort,"
and "tactile comfort" [7, 10], that relate to the
total feelings felt when a fabric is stroked or
handled in the hands. have become important
fields of interest. Identifying and quantifying
consumer preferences has become one of these
topics. Fabric handles clearly have different
meanings for different persons and consumers
from various ethnicities. because they are
based on people's subjective tastes. There are
many different and, in some cases, even
opposing preferences for particular fabric
types [11]. Hand has an impact on consumers'
tastes and how useful they perceive a product
to be, which in turn affects retailers' ability to
sell the clothing. When creating and choosing
textile materials, particularly those intended
for use in clothes, manufacturers, garment
designers, and merchandisers must take this
fabric feature into consideration [12].

It is well-known that electrostatic discharge's
unintended effects can result in major issues in
a variety of circumstances, including product
damage during electronic assembly, item
quality problems, issues with worker
numerous others [13]. Textiles (textiles,
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Abstract. In a hospital, doctors use anesthetic gases during operations. Some of these
gases are explosive. If the gas escapes into the air, a tiny spark from static charge could
make it explode. The reduction or avoidance of static charge in operating theatres and
other rooms is necessary. The present work aims to investigate the quality of textiles in
hospitals in terms of the electrostatic charge generated from the contact and separation.
This can be achieved by studying the sliding of latex gloves of doctors, nurses, and other
workers in hospitals against the textiles of clothes in dry working conditions.

Based on the results, the amount of static charge collected on the textile surface
determines its quality. The finest grade textiles have the lowest static charge values. The
static charge is created when sliding the gloves accumulates charge on the material and
clothing. In dry conditions, the larger value of static charge was 240 volts, as shown on
yellow clothing worn by physicians in operating theatres. For safe working in various
workplaces, It's indeed necessary that pay careful attention to the particulars that impact
performance in order to enhance the working environment of health care professionals.
The following quality management policies and selection of textiles and clothing based
on electrostatic charge is strongly advised. Hand and glove performance is extremely
important for health care professionals. Glove makers, hospital administration, and
health-care personnel all need to be more aware of the issues surrounding gloves. There
is a need for procedures and tools that can detect issues with medical gloves.

Keywords: quality, textile, gloves, electrostatic charge

1. Introduction

Texts on learning the fundamentals of
electrostatic phenomena, learning how to
regulate electrostatic risks, and manufacturing
and designing goods to defend against

63

electrostatic hazards may be found in the
literature of national and international
standards across the world. Adoption and
implementation of electrostatic norms are
critical for the safety of life [1]. The criteria in
this study enable businesses and people to put
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5. Conclusion

The goal was to determine the relationship
between the technologist experience and the
extra x-ray dose caused by retake images and
what causes General hospitals in Saudi
Arabia to reject or repeat imaging
procedures. The rejection of radiographs and
repeat procedures was due to a lack of
technologist expertise. The construction of an
in-house quality control drives aimed at
radiology technicians at the department to
build staff abilities that will allow proactive
prevention of reject and repeat procedures at
the radiologic department is recommended in
this study. The high rejection/repeat
radiology rates were caused by quality
control difficulties in radiology at the hospital
facility. Even though the study only had a
limited sample size and was conducted in a
tiny facility in southern Saudi Arabia, the
findings are significant for radiology
departments worldwide. To attain a higher
level of patient safety, radiology departments
should prioritize quality control procedures
and in-house staff training to make personnel
aware of circumstances that predispose
patients to excessive ionizing radiation doses.
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Table 1 Male & Female Retake Images description

Female

A/P 19
Chest 22

LE 20
Skull 4
Spine 15

UE 12
Total 92

Male

A/P 31
Chest 38

LE 19
Skull 4
Spine 14

UE 19
Total 125
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Figure 2 Retake Factor Cross Tabulation Chart

4. Discussion

The results of this study point back to the
radiological department. The errors noted in
the department are contingent on the
competence of the radiological staff. Most of
these errors occurred because of staff lack of
experience or inadequate understanding of
certain predisposing factors to the errors.
According to the European Society of
Radiology [5], radiologists are responsible
for ensuring patient safety when performing
radiographic procedures. It means that
radiologic technicians and departments
oversee keeping patients safe.

A major intervening factor contributing to
most of these errors was staff experience and
competence. Staff competence/accuracy is a
common cause of radiological errors that
contribute to rejection and repeat radiation
procedures. Lack of experience is a precursor
to errors in radiologic procedures. These
findings were consistent with the findings of
Akhtar et al. [6]; Stephenson et al. [3];
Hofmann et al. [7]. From the findings of this
research, staff experience at the facility and
quality control elements requires greater
commitment dedicated to  positively
improving the conditions for improving staff
competence and know-how to minimize the
errors.
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participants, in this case, all the x-ray rejects
on the clusters mentioned it was considered
the reject rates. Retake factors influenced
image retakes in this study. These retake
factors include anatomy cutoff, positioning
error, artifacts, body movement, and machine
problems. The data collected from influences
of these factors involved the skull, upper
extremity, abdomen, pelvis, chest, lower
extremity, and spine. Figure 1 was an essential
tool for data collection in the research.
Categories used in this data collection
instrument were Gender, Radiographic
Procedures, kVp, mAs, Dose, Retake Factor,
and Technologist experience.

3. Results

From the data collected, reasons for rejection
of 1images included positioning error,
artifacts, anatomy cutoff, machine problems,
and body movements. The sample size in this
study was made up of all the rejected x-rays.
The basis for tracking the rejected
radiographs included gender, radiographic
procedure, technologist experience, retake
factor, dose, kVp, and mAs. The distribution
of radiography procedures for male and
female genders for the procedures that made
up the study's data is shown in Table 1.

Figure 2 illustrates a chart of the study's data,
demonstrating that positioning error was the
most common reason for repeat factors in the
radiology department. Positioning error was
responsible for the most significant dose of
ionizing radiation in the patients that visited
the institution. The anatomy cutoff was the
second most common cause of reject/repeat
procedures at the hospital. The third reason
cause for rejection/repeat at the facility was
machine problems, while the fourth reason
was the artifacts. Body movements accounted
for the minor reject/repeat procedures in this
study. One groundbreaking finding in this
study that pinned the rejection and repeated
procedures on the radiology technologist
indicated that technologists with eight years
of working experience as junior technologists
contributed to the highest repeat rates. The
data shows that junior staff contributed to
87.5% of the repeat procedures. In
comparison, the senior technologists with
more than eight years of experience in the
department only contributed to 12.4% of the
errors, validating the finding of a greater
likelihood of the errors originating from staff
in the department.
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Abstract: An evaluation study of x-ray image doses at the Public Hospital Radiological Department
sought to determine the causes of the repeat/rejected images and how it is related to the staff
expertise. The reasoning behind this study was the maximization of patient safety from
excess/unwarranted radiology doses at the department. This article will help develop a mechanism
for quality control for the department to make digital x-ray as safe as possible at the facility. This
study revealed that positioning error, machine problems, anatomy cutoff, artifacts, and body
movement were the reasons for frequent repeat/reject x-ray procedures at the department. This
article revealed that these errors had a strong relationship with staff causes. The leading cause of
the errors coming up in the radiologic department is directly related to the radiology technologists'
causes/competencies. Technologists with less than eight years of experience were
directly/indirectly responsible for 87.5% of repeat radiation procedures. Technologists with over
eight years of experience contributed to 12.4% of the repeat/rejected procedures. This study
recommends implementing quality control methods more aggressively and improving on-the-job
staff training to protect patients from unnecessary radiation.

Key Words: X-ray, Reject/repeat images, ALARA, Technologist experience.

1. Introduction image [4]. This retrospective study investigates
causes that may obstruct this goal at one of Saudi
Arabia's public hospitals. The study focused on a
range of objectives, including understanding the

Patients are exposed to ionizing radiation
during diagnostic x-rays, accounting for

approximately half of all ionizing radiation underlying causes of extra doses of irradiation to
fields to which ordinary people are exposed patients, creating guidelines for reducing digital
[1]. Multiple ionizing radiation exposures put x-ray retakes at the department, and coming up
people at risk for harmful doses of radiation, with recommendations and Strategies for
which can lead to issues like cancer later in life minimizing rejects at the department.

[2]. Despite these inherent dangers, the maximum

dose of radiation that might cause or not create 2. Methodology

issues later in life is unknown, making it critical

to protect patients from any unnecessary radiation The study was cross-sectional with data
as much as possible [3]. The responsibility will be collected for rejected upper extremities,
greater on the radiology technologist to maintain lower extremities, chest, skull, abdomen,
patient safety and keep the dose at the low range pelvis, and spine radiographic images. Data

of risks while ensuring good quality images. collection occurred over three months in

The radiology technologists should keep in their 2021 ‘at Ge‘ner.al Hospital. EXCIUSIOH a}nd
mind “As Low As Reasonably Achievable inclusion criteria are the basis of selecting

(ALARA) standards when they perform an x-ray participants. After selecting study

" Corresponding Author: tsaadalmojadah@stu.kau.edu.sa
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between small and big smoke, however, the
computation time is bigger than other
approaches in the literature, thus, it needs to
be minimized. The comparison results in
Table 2 clearly show that the proposed
method in this research outperforms other
methods from the literature since it reaches
over 97% of accuracy for fires and smoke
detection.

5. CONCLUSION AND FUTURE WORK

Detection of fire at the early stage has
become more crucial as people lose their
lives, resources and properties because of
the fire hazard. The proposed algorithm for
fire detection in this paper provides
excellent support to humans by detecting
fires as its accuracy is over 97%. Several
experiments were conducted using
MATLAB to prove its accuracy and
performance. Numerous images with fires
ranging from small to huge, fire-free, and
images with smoke only were tested. All
obtained results from this approach show
that it can detect fires properly.

The future work is to test it under severe and
extreme environmental conditions such as
dusty weather, foggy and high winds.
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Fig. 24: Detected image

The proposed algorithm can detect fires
whether they are small or big as shown in
the previous Figures. In addition, it has the
feature to detect and distinguish the smoke
early as in Figs.23 and 24, or if the smoke
forms a huge cloud as shown in Fig.21.

Table 1 lists values for all evaluated
performance parameters by the proposed
approach when applying it to a dataset that
contains 1400 images. The dataset is
divided into three parts. Part one is used for
the training purpose and it has 980 images
which are equal to 70% of the dataset. Part

two contains 220 images which nearly
represent 15% of the dataset and are used
for the testing while the last part is used for
validation. This dataset contains fires and
fires-free images.

A comparison study between the proposed
method and other approaches in the
literature 1s conducted and illustrated in
Table 2. This comparison focuses on three
performance metrics which are precision,
recall, and accuracy. However, many
approaches that were developed earlier and
mentioned in the literature did not consider
the three performance parameters.

Table 1: Evaluated performance parameters

Performance Evaluated
parameter value
TP 186
FP 3
TN 29
FN 2
PREC 98.41%
REC 98.94%
Accuracy 97.73%

Table 2: The comparison study results

WORK CONDUCTED PRECISION RECALL ACCURACY
L.S. RAVIET AL. [5] NOT MENTIONED | NOT MENTIONED 90%
K. POOBALAN AND S. C.LIEW [7] | NOT MENTIONED | NOT MENTIONED 93.61%
THE PROPOSED ALGORITHM 98.41% 98.94% 97.73%

The proposed algorithm is capable to detect
fires and smoke correctly with an accuracy

of over 97% as shown in Table 1. In
addition, it has the ability to distinguish
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Fig. 21: Smoke detecting image

Scenario 5: an image with a small smoke only.

Fig. 22: The original image

Fig. 23: HSV image
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Fig. 18: Detecting fire image

Scenario 4: an image with a huge cloud of smoke only.

Fig. 19: The original image

Fig. 20: HSV image
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Fig. 15: No fire is detected

Scenario 3: an image with a small fire.

Fig. 16: The original image

Fig. 17: HSV image
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Fig. 12: Detecting fires image

Scenario 2: an image with fire-free.

Fig. 13: Fire-free image

Fig. 14: HSV image
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uploaded by a team in 2018 for NASA original one after converting it by the
Space Applications Challenge. This dataset proposed method. Fig.12 illustrates the
contains 999 images in total and among detected fires from the presented algorithm

them 244 are fire-free. The following
figures illustrate the resultant images from
the proposed approach for several
scenarios. Fig.11 depicts HSV image of the

Scenario 1: an image with huge fires.

Fig.10: The original image

Fig. 11: HSV image
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AlexNet is used to perform the deep
learning technique to extract required
features such as color intensity and mean.
Furthermore, eight features are extracted in
this algorithm.

The last step of the algorithm is to detect
fires. It is determined by removing all
objects, also known as components, except
the pixels that have values larger than the
threshold as shown in Fig.8. Fig.9 illustrates
the resultant image where pixels that
contain fires are isolated and displayed.

Fig. 9: The resultant image with fire detection

Keep in mind that all calculations are
determined using an image processing
toolbox that is already built-in inside
MATLAB and this is the main reason that
this simulation tool is picked and utilized.
Various performance parameters are
computed and evaluated in the developed
and proposed algorithm. These parameters
are as follows:
1- True Positive (TP): this parameter
measures a number of correctly identified
images in the given dataset during the
testing stage.
2- False Positive (FP): it measures a
number of predicted types of images
incorrectly.
3- True Negative (TN): it gives an
indication about a figure of the negative
images that are correctly identified by the
proposed approach.
4- False Negative (FN): it measures a
number of negative samples that are
identified incorrectly.
5- Precision (PREC): it shows the ratio
of the truly identified samples over the
summation of the classes that were
identified incorrectly plus the true samples
that were correctly classified as shown in
the following equation
PREC=TP/(TP+FP) (1)

6- Recall (REC): it gives the ratio of
the truly identified sample over the
summation of the true samples plus the
number of negative samples that were
classified incorrectly as depicted in
equation (2).
REC =TP /(TP + FN) )

7- Accuracy: this parameter shows the
percentage of the summation of the true
samples and the negative ones that were
classified correctly by the proposed method
over the summation of all metrics that were
mentioned from 1 to 4 earlier as depicted in
equation (3).

Accuracy=(TP+TN)/(TP+TN+FN+FP) (3)

4. SIMULATION EXPERIMENTS

MATLAB has a powerful tool for the
purpose of  imaging processing,
visualization, and analysis. This tool is
called Image Processing Toolbox and it
helps users and developers to perform
numerous operations. Those operations
include but are not limited to: noise
removal, segmentation, enhancement, and
geometric transformation. This toolbox
supports 2D and 3D images. Due to those
features, MATLAB was selected to conduct
several experiments to prove the
correctness and effectiveness of the
proposed method. The dataset was collected
from the Kaggle website and it was
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Fig. 6: The gray image

Fig. 7: The resultant HSV image

Fig. 8: Edge detection image

The next step of the proposed algorithm is
to compute Y, Cr and, Cb for the considered
image or images. YCrCb is another color
space that is used in digital media to
describe colors. Y is referred to the
brightness component of colors which the
human eyes are very sensitive to it while Cr
and Cb are represented the red and blue
components relative to the green
component. This procedure is performed by

a built-in function inside the simulation
tool. After that, the algorithm computes the
values of HSV using the built-in function.
Removing the connected objects that have
values less than a predefined threshold is
determined by the proposed algorithm from
the binary images. This process is
performed by using the built-in functions
inside the simulation.
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management. Lastly, the authors proposed a
solution based on the power grid. Herein,
the proposed approach detects fires at the
early stage. In addition, detection only
smoke is provided too.

D. Wu et al. in [14] developed a Graph
Neural Network (GNN) method to detect
forest fire based on the feature similarity
method. Extracting features similarities was
performed by establishing the correlations
features of nodes between multi-view
images and their libraries. After that,
detecting forest fire was performed by
setting a threshold in the HSV method.
Interested readers can refer to [14] for more
information.

3. THE PROPOSED ALGORITHM

The main goal of this method is to detect
fires at an early stage so that saving lives,
resources, and properties from damage is
possible before the fires grow and cause
disaster. Hence, the proposed algorithm is
developed using the deep learning approach
based on the convolutional neural network
tool which is AlexNet. Fig.4 depicts the

proposed system. The algorithm starts by
reading the images either from a file or a
video by extracting them into a simulation
tool. Herein, MATLAB is used as the
simulation tool. Then, the algorithm detects
the needed colors which are Red, Green,
and Blue. After that, the images are
converted to gray ones, Fig.5 shows an
example of an image while Fig.6 displays
that image after being converted to the gray
image by the proposed approach. Fig.7
displays the original image after the
algorithm converts it to an equivalent HSV
where H stands for Hue, S represents
Saturation and V refers to Value.

Image segmentation is a technique used in
image processing and it is performed by
detecting edges as illustrated in Fig.8. This
process is used in the proposed algorithm to
identify the illumination and intensity in the
images. it aims to find the discontinuity of
regions in the images being tested to
observe a major and considerable change in
the gray color. In this paper, the Gradient
technique for edge detection is sued. Three
operators are used and these operators
namely: Sobel, Prewitt, and Robert
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distinguish the pixels that contain the fire
and then take them out from the
background. After that, the images were
filtered using MATLAB. Lastly, Wavelet
analyzer 5.0 was used to perform some
calculations on the fire image after
generating 15 parts from that image which
implies that it requires a heavy computation.
Herein, the proposed approach uses the
RGB technique to find the fires if exist by
performing several computations, more
information is presented in the next section.
This method gives accurate results, and the
accuracy is over 97%. In addition, this
approach is light as it just requires a few
computations.

P. Barmpoutis et al. in [2] presented a
general overview of fire detection based on
optical remote sensing. They provided deep
details about the algorithms that were used
to detect flame and smoke. The authors
identified three systems that were named
terrestrial, airborne, and spaceborne
respectively. Lastly, a discussion of the
strengths and weaknesses of each system
was performed by showing a comparison
between numerous factors such as accuracy,
the volume of works and minimum fire size
to be detected. Interested readers can refer
to [2] for more information.

In [3], T. W. Hsu et al. proposed a general
framework to detect fire based on filtering
images to blocks. This process is performed
according to predefined thresholds for
different features. These features referred to
the temporal and the spatial of the images.
The process started by dividing an image
into blocks, then, the flames were isolated
and analyzed to identify several features
such as the flickering of the flames, their
colors, and immobility source.
Furthermore, additional analyzing
procedures were done on the surrounding
blocks to extract the texture and reflections
of the flames. The authors claimed that their
approach was consistent with the real
evidence, more information is found in [3].
In this paper, the proposed method is fast
and accurate as its success rate exceeds 95%
of all test scenarios.

R. Sandhiya et al. in [4] developed a method
that used color and motion information that
were obtained from video sequences for fire
detection. It worked indoors and outdoors,
and it had the capability to detect fires at the
starting phase of the scorching process. This
approach  worked based on the
segmentation of the growing region of fires
to identify colors on pixels. After that,
identifying moving pixels were extracted
according to a ratio of their height and
width. Readers can get more information in
[4].

In [5]. L. S. Ravi et al. utilized shading
location, movement identification, and
region scattering to create a joint
methodology for fire detection from
information that was captured by a video.
It used handling methods of a picture to
detect fires. YCbCr has a powerful feature
to isolate luminance from chrominance, so
it was used along with the RGB shading
method for fire detection.

C. Shrimantrao et al. in [6] developed a
novel approach to detect fires from an
image sequence that was captured by a
camera. The authors used a method to
identify fires based on finding the
foreground moving object by using the
adaptive background subtraction approach.
Then, the identified objects were verified
according to a color-based method to detect
fires. Lastly, the authors conducted several
experiments to verify their approach on two
groups of videos that contained fires. These
groups were fire-colored objects and non-
fire color objects. However, it did not
consider detecting the smoke and this
lacking is a sign of weakness since the
smoke can refer to an early fire warning. In
addition, this method lacks detection of fires
if they are not clearly noticeable to the
camera.

Z.Jing et al. in [13] presented a power grid
GIS-based analysis and application for
forest fire surveillance and prewarning. The
developed system worked based on
performing several operations as it started
with querying of basic information and
ended with forest fire thematic map and its
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Fig. 2: General CNN layers

AlexNet was developed and implemented
in 2012 by a group of three developers. It is
a type of convolutional neural network tool
that employs the deep learning technique.
Typically, AlexNet contains eight layers as
illustrated in Fig. 3 from [17]. These layers
are classified into two classes which are five

connected layers. The convolutional layers
are denoted by convx in Fig. 3 where x
refers to the assigned number for each layer
which starts from 1 to 5 while the fully
connected layers are represented by FCx in
the same Fig. x refers to the given number
for every layer and it starts from 6 to 8.

convolutional layers and three fully
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Fig. 3: AlexNet structures

The presented algorithm herein uses image
segmentation techniques and CNN to form
intelligent and deep learning method to
detect fires. Numerous examples are
conducted and illustrated in MATLAB to
validate and verify how the proposed
approach works and demonstrate its
correctness and effectiveness as well.

In this paper, the contribution is done by
proposing the fast and accurate algorithm to
detect smoke and fire early to save lives and
properties. This algorithm uses colors to
identify smoke and flames along with their
reflections. The rest of the paper is
organized as follows: a literature review is

covered in section 2 while section 3
provides details about the proposing
approach. Discussion and results are
presented in section 4 and the conclusion is
provided in section 5.

2. RELATED WORK

N. Ya’acob et al. in [1] proposed a method
for forest fire detection based on image
processing using an infrared camera. Their
motivation was to capture fire during
nighttime since other methods lacked that.
Their infrared camera was treated as a
satellite to capture from above. Their
method used RGB and YCbCr colors to
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detect smoke, flame, and heat are required
since their ranges are quite small [2]. Thus,
these sensors are costly and need to be
effectively placed and installed to cover
huge areas adequately.

Recently, researchers from academic and
industrial fields focus their attention on the
benefits of using deep learning approaches
to real problems. These methods
automatically extract required features and
have capabilities to learn about new
complex feature interpretations [2, 5], [7]-
[10]. Thus, deep learning methods are the
most rapidly evolving technologies that are
widely used, utilized, and employed on
numerous  Computer  Vision (CV)
applications.

Due to evolving technologies, including
Machine Learning (ML) and Computer
Vision (CV), the detection of fire has

e Nt

2
71

acquired researchers’ attention. To detect
fires, two categories need to be identified:
flame and smoke [3]. In general, smoke is
visible before flames, hence, this feature
helps us detect early fire and reduces the
damage cost [1]-[3]. However, smoke
detection is not possible at night without
using lights [3]. Fire detection systems
should be placed almost everywhere to
minimize the risk of fire and its impact on
nature and human properties [4]-[6].
Convolutional Neural Network (CNN) is an
approach of deep learning to manage
information that has various features which
are represented in either 2D or 3D model.
This approach takes its inputs through an
image or a sequence of images which can be
in colors or in grayscale modes. Fig. 1
illustrates a typical and general CNN
structure, and it was downloaded [15].

Input Conv  Pool

Conv Pool FC Output

Fig. 1: Typical CNN structure

The convolutional neural network is
composed of a series of components which
are named layers. These layers form
Kernels components which are utilized to
learn and extract required features. In
general, the convolutional neural network

has five layers as depicted in Fig. 2 from
[16]. Every layer is differentiated in a
unique color except the first and the last
layers. However, the last layer is considered
one of the five layers.
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Abstract. Fire destroys everything on its way. It is the most dangerous hazard that causes
disasters. It can be started from a small ignition which could lead to a big loss or unwanted
disaster. People lose their lives from fires. According to National Fire Protection Association
(NFPA), the reported fire cases were nearly 1,400,000 in 2020 while those cases caused almost
3,500 civilian deaths. In addition, the number of civilians injured from fires is around 15,000
and the estimated properties damage is around 21 billion US Dollars. Thus, the detection of
fire has become a very important topic especially due to the rapid and evolving of technology.
This paper proposes a simple, fast, and accurate method of fire detection using a deep learning
approach. This method is developed based on image processing techniques and a Convolutional
Neural Network (CNN) tool. This tool is AlexNet which is a type of convolutional neural
network and utilizes the deep learning method. If the fire is not detected early, then the Oxygen
level decreases which leads to suffocation. So, this method can help us by detecting fires at an
early stage. This approach filters an image into pixels based on thresholds according to features
such as colors, immobility source, and flame texture with its reflection. MATLAB is used as a
simulation tool to conduct several experiments to verify the effectiveness of the proposed
method. A dataset utilized in this research was downloaded from the Kaggle website and is
divided into three categories. The obtained results show that the accuracy was over 97% when
applied to more than 700 images for training and testing purposes. Lastly, a comparison
evaluation between the proposed algorithm and some literature works is provided. This
evaluation indicates that the proposed algorithm herein outperforms other works in terms of
accuracy, precision, and recall.

Keywords: fire detection; image processing; segmentation; feature extraction; deep
learning; artificial intelligence.

[1], [2]. Thus, fire detection has become
increasingly important for people to protect
their lives and resources as well [2].

1. Introduction

Fire can be a reason for huge and heavy
damage to nature including human
resources and infrastructure [1], [2]. Recently, some forest fires are detected by
Furthermore, fire leads to a high rate of a simple method which is human

civilian deaths according to NFPA [1], [12].
Climate change causes a major effect on the
environment such as heatwaves, droughts,
and dust storms [2]. The first factor, which
is the heat waves, can lead to huge fires that
have extreme consequences on human
resources, the local, and global economy

.On terms of the economical side, fires
cause damage to properties such as

observations [2]. This method required
high towers to be utilized for this purpose.
However, it is ineffective and
uneconomical since it is susceptible to
human errors which may cause a fatigue
disaster.

buildings and increase death rates. On the
other hand, a huge number of sensors to

! Corresponding Author: aalsheikhy@nbu.edu.sa
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q' Heat transfer rate per unit length
(W/m)

r  Annulus radius (m)

Ra Rayleigh number

T Temperature (K)

Vy Flow velocity components in y-
direction (m/s)

W Fin width (mm)

Greek Symbols

o  Thermal diffusivity (m?/s)

B Thermal expansion coefficient (K-
1
)

w  Dynamicviscosity ( kg/ m.s)

p Density (kg/m?)

v Kinematic viscosity (m?/s)

Subscripts

f Fluid

i Inner

m  Modified

o Outer
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Fig. 25 shows a cross-sectional view of
the temperature contour plot with
different fin shapes. This section was
taken at the horizontal midsection.
Using different fin shapes spreads out
the temperature profile in the angular
direction rather than the radial
direction. Moreover, the difference in
contact surface is insignificant.
Therefore, the improvement among
different fin shapes is small.

Fig. 26 shows a vertical side view of
the temperature contour plot with
different fin shapes. This section was
taken at the vertical midsection. The
width of hot fluid layers closer to the
inner hot wall has small changes when
using different shapes of fins.
However, using fins has a great
improvement in heat transfer rate
compared to cases without fins.

The velocity profile for different fins
shapes shows that the velocity profile
for the square fins is slightly more than
other ones. Also, the velocity profile
variations get larger towards the hot
surface while closer toward the cold
surface as shown in Fig. 27. This is
because closer to the hot surface, we
will have more dynamic and natural
buoyancy movement while closer to the
cold surface the fluid is denser and has
less movement.

7. Conclusions

This study is for the natural convection
of heat transfer in a vertical annulus
enclosure where the inner surface is hot
and the outer surface is cold. Fins were
added to the inner surface to enhance
the heat transfer performance. A
numerical model was developed using
ANSYS Fluent software to solve the
governing equations for the model. The
numerical model was grid tested and
validated by comparing it to results in
the literature. Afterward, a parametric
study was carried out where one

variable is changed while others are
kept constants. Parameters chosen in
our study are fins number, fins length,
thickness, and shape. Results are
presented for each parameter. The study
results are concluded on the following
points:

1- With the increase of fins number, the
heat transfer enhanced up to 46%
when using 16 fins. Also, it was
found that this effect is similar to the
one reported in the literature.

2- As the fins length increases, the heat
transfer is enhanced up to 27% for
15mm fins length.

3- Fins did enhance the heat transfer by
about  28%.  Different fins
thicknesses had a negligible effect
on the heat transfer performance.

4- Square fins have the best results over
circular and triangular fins by 5 to 10%
respectively.

5- When the Rayleigh number
increased, the heat transfer enhanced
which is the same compared to the
results reported in the literature.
Also, when the Rayleigh number
increased the temperature and
velocity improved.

Nomenclature

g Gravitational acceleration

(m/s?)

Ha Hartmann number, the ratio of
electromagnetic force to the viscous
force.

K Thermal conductivity, W/(m.K)

kesr  Effective thermal conductivity,
it is defined as the thermal
conductivity of the air at which
stagnant air in the annulus can give
the same rate of heat transfer ,

W/(m.K).
L Fin length (mm)
P Pressure (N/m?)
Pr Prandtl number
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Fig. 25 Cross-sectional horizontal view of temperature contour for (a) no fins, (b) triangular
fins, (c) circular fins, and (d) square fins.
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Fig. 27 Vertical velocity profile along the radial direction at the vertical midpoint from the
inner hot surface to the outer cold surface at different shapes of the fins.
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6.4. Effect of fins shape

Fig. 23 shows the effect of fins shape on
heat transfer performance. Three fins
shapes were studied and compared to no
fins case. These shapes are triangular,
circular, and square fins. Results
revealed that when using triangular fins,
the heat transfer is enhanced by 21%
compared to no fins case. When using
circular fins, the heat transfer is
enhanced by 25% compared to no fins
case. When using square fins, the heat

transfer is enhanced by 29% compared
to no fins case. Square fins would have
the largest contact surface area to the
working fluid compared to triangular
and circular ones. Fig. 24 shows the
effect of fins shapes on the temperature
profile along the radial direction from
the inner hot surface to the outer cold
surface. It shows that the temperature
profile of the square fins has a slightly
better  temperature  profile  than
triangular and circular ones.
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Fig. 23 Effective thermal conductivity ratio vs. Rayleigh number at different shapes of the
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Fig. 24 Temperature profile along the radial direction at the vertical midpoint from the inner
hot surface to the outer cold surface at different shapes of the fins.
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Fig. 20 Cross-sectional horizontal view of temperature contour for (a) no fins, (b) W=2 mm,
(c) W=7 mm, and (d) W=15 mm.

380
Temperature [K]

ar
416
413
410
407
403
400
307
303
300
387
384
@ (®) © @

384
Fig. 21 Cross-sectional vertical view of temperature contour for (a) no fins, (b) W=2 mm, (c)
W=7 mm, and (d) W=15 mm
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Fig. 22 Vertical velocity profile along the radial direction at the vertical midpoint from the
inner hot surface to the outer cold surface at different fins thicknesses
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compared to no fins case. When using
fins thickness of 15 mm, the heat
transfer is enhanced by 29% compared
to no fins case. It was noticed that the
effect of the increase in fins thickness is
negligible. When we increase the fins
thickness we increase the area of the
fins tip only. The fins tip usually has a
lower surface temperature than the base
temperature. This means that the
temperature gradient at the tip surface is
very small which cannot contribute to
the total heat transfer to the fluid. This
explains why the effect is so small.

Fig. 19 shows the effect of fins
thickness on the temperature profile
along the radial direction from the inner
hot surface to the outer cold surface. It
shows that the profile for the three
different thicknesses used is very close
to each other. This is explained by the
same argument addressed above about
the small temperature gradient at the fin
tip.

Fig. 20 shows a cross-sectional view of
the temperature contour plot with

different fin thicknesses. This section
was taken at the horizontal midsection.
With thicker fins, the temperature
gradient spreads out in the angular
direction. This has little effect on the
heat transfer rate in the radial direction.
Fig. 21 shows a vertical side view of the
temperature contour plot with different
fin thicknesses. This section was taken
at the vertical midsection. It can be
observed that having fins has a great
effect compared to the system without
fins. Even though, changing the fins'
thickness doesn't change the fluid hot
layers much.

The vertical velocity profile is shown in
Fig. 22. It can be seen that the increase
of fins thickness has little to no effect
on the vertical velocity profile. The
reason is that increasing the fin
thickness  doesn't  obstruct  the
movement of the fluid. It doesn't also
reduce the cross-sectional area on a
scale that will affect the mass flow.
Therefore, the fins thickness has little to
no effect on the vertical velocity profile.

w=7 =——w=15

Temperature T, K

380 %

0.06

0.07

Distance along radial direction, m
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Fig. 19 Temperature profile along the radial direction at vertical mid-point from the inner hot
surface to outer cold surface at different fins thickness.
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based on the conservation of mass
which can be seen clearly in Fig. 17.
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Fig. 17 Vertical velocity profile along the radial direction at vertical mid-point from the inner
hot surface to outer cold surface at different fins lengths.
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Fig. 18 Effective thermal conductivity ratio vs. Rayleigh number at different fins thicknesses

6.3. Effect of fins thickness

Fig. 18 shows the effect of fins
thickness on heat transfer performance.
when the fins' thickness increases, the
contact surface area of total fins
exposed to the enclosed fluid increases,

and thus, the heat transfer rate
increases. When using fins thickness of
2 mm, the heat transfer enhances by
about 27% compared to no fins case.
When using fins thickness of 7 mm, the
heat transfer is enhanced by 28%
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Fig. 14 Temperature profile along the radial direction at the vertical midpoint from the inner
hot surface to the outer cold surface at different fins lengths.
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Fig.15 Cross-sectional horizontal view of temperature contour for (a) no fins, (b) L=5 mm, (¢)
L= 10 mm, and (d) L= 15mm.
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Fig.16 Cross-sectional vertical view of temperature contour for (a) no fins, (b) L=5 mm, (c)
L= 10 mm, and (d) L= 15 mm.

Fig. 16 shows a vertical side view of the
temperature contour plot with different
fin lengths. This section was taken at
the vertical midsection. The figure
shows wider layers of fluid at a specific
range of temperature. This is explained
by longer fins, which raise the fluid
temperature on the left side.

When the fins length increases, the heat
transfer enhances therefore, the velocity
profile increases. Moreover, when fins
are placed inside the annulus, the
volume of the air domain is reduced
compared to the annulus without fins
hence, the cross-sectional area
decreases  causing the  vertical
movement of mass to increase. This is
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6.2. Effect of fins length

Fig. 13 shows the effect of fins length
on heat transfer performance. When
fins length increases, the contact
surface area of total fins exposed to the
enclosed fluid is increased, and thus, the
heat transfer rate increases. When using
the fin length of 5 mm, the heat transfer
is enhanced by 5% compared to no fins
case. When using the fin length of 10
mm, the heat transfer is enhanced by
16% compared to no fins case. When
using the fin length of 15 mm, the heat
transfer is enhanced by 27% compared
to no fins case.

Fig. 14 shows the effect of fins length
on the temperature profile along the

radial direction from the inner hot
surface to the outer cold surface. It
shows that the temperature profile
generally increases with the increase of
fins length. It also shows that the
temperature gradient increases toward
the inner hot surface while decreasing
toward the outer cold surface. Figure 15
shows a cross-sectional view of the
temperature contour plot with different
fin lengths. This section was taken at
the horizontal midsection. For longer
fins, the fluid temperature at the inner
hot wall (left), which is closer to the fins
gets higher in temperature. This clearly
enhances the heat transfer rate.
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Fig. 13 Effective thermal conductivity ratio vs. Rayleigh number at different fins length.
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side it becomes cooler and drops down.

Adding fins to the inner hot side
increases the heat transfer and, hence
the velocity in the vertical direction
increases. This can be seen clearly in
Fig. 12. When the velocity has a
positive value, this means the fluid
movies to the upper direction and
when the velocity has a negative value
this means the fluid movies to the

Temperature [K]
416
413
410
407
403
400
397

@

lower direction. Note that for the case
with no fins, the air is almost stagnant
at the midpoint between the two
vertical surfaces. This is because
vertical fluid movement occurs near
the walls. As fins are added, it disturbs
the fluid movement at the midpoint
and provides extra movement to the
fluid.

(®) (©) @

Fig. 11 Cross-sectional vertical view of temperature contour for (a) no fins, (b) four fins, (c)
eight fins, and (d) sixteen fins.
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Distance along radial direction, m
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Fig. 12 Vertical velocity profile along the radial direction at the vertical midpoint from the
inner hot surface to outer cold surface at different fins numbers.
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generally increases with the increase of
fins number.

| =no fins =—four fins eight fins =—sixteen fins

420 +
415 A
410 +
405 +
400 +

395 +

390 +
385 +

Temperature T, K

380 I
0.05 0.06

Distance along radial direction, m

0.08 0.09 0.1

Fig. 9 Temperature profile along the radial direction at the vertical midpoint from the inner
hot surface to outer cold surface at different fins number.
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Fig.10 Cross-sectional horizontal view of temperature contour for (a) no fins, (b) four fins, (c)
eight fins, and (d) sixteen fins.

Fig. 10 shows a cross-sectional
view of the temperature contour plot
with the different numbers of fins. This
section was taken at the horizontal
midsection. It is seen that with more
fins, the hot temperature contour lines
spread out away from the inner hot
surface. This means a higher

. a
temperature gradient (%) and, thus,

higher heat transfer.

Fig. 11 shows a vertical side view of the
temperature contour plot with the
different numbers of fins. This section

was taken at the vertical midsection. It
can be seen that with more fins, the fluid
layers at the inner hot surface (left)
become higher in temperature, which
means higher heat transfer.

To understand the number of fins' effect
on the velocity we should first discuss
how the fluid velocity moves inside the
annulus without fins. When the vertical
inner hot surface (inner side) heats up
the adjacent air it will rise up due to the
buoyancy effect. When air reaches the
top side and moves toward the vertical
outer cold
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Fig. 8 Effective thermal conductivity ratio vs. Rayleigh number at different fins number

6. Results and Discussions

6.1. Effect of fins number

Fig. 8 shows the effect of fins number
on heat transfer performance. When the
fins number increases, the contact
surface area of total fins exposed to the
enclosed fluid increases, and thus, the
heat transfer rate increases. When using
four fins, the heat transfer is enhanced
by 15% compared to no fins case. When
using eight fins, the heat transfer is
enhanced by 27% compared to no fins
case. When using sixteen fins, the heat
transfer is enhanced by 46% compared
to no fins case.

The effect of fins number in these study
correspond with the effect of fins
number reported in Nada and Said study
[22]. Despite their study being done on
a horizontal annulus, the effect is the
same which is the increase in natural
convection with the increases of fins
number which is the same effect in this
study. The similarity of the results is
because the principle of both studies is
the same, which is the increase of fins
number, causes an increase in the

contact surface area of total fins
exposed to the enclosed fluid hence, the
rate of heat transfer increases.

The effect of the Rayleigh number on
the heat transfer in Rahnama and
Farhadi's study [20] shows that the heat
transfer increases with the Rayleigh
number increases. Although their study
was done on turbulent natural
convection, it has the same effect
compared to our study. Also, Nada and
Said's study [22] where their study was
done on laminar natural convection in a
horizontal annulus. It was found that the
natural convection increases with the
increase of Rayleigh number which is
the same effect in this study.

It can be observed that the Rayleigh
number has the same effect on the heat
transfer rate in both laminar natural
convection and turbulent natural
convection, also the Rayleigh number
has the same effect on the heat transfer
rate in both the horizontal annulus and
the vertical annulus.

Fig. 9 shows the effect of fins number
on the temperature profile along the
radial direction from the inner hot
surface to the outer cold surface. It
shows that the temperature profile
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5.2. Code Validation

Due to the initial conditions and
assumptions used in the wvertical
annulus studies, the validation was
found easier with the horizontal annulus
studies than with the vertical annulus
studies. Therefore, the present study
was validated by comparing its output
results with four different horizontal
annulus studies. Two of the four studies
were performed experimentally [29]
and [30] and the other two were
performed numerically [21] and [23].

In order to compare our results to these
four studies, our work was run under the
same conditions used in those four
studies. The present study results
compared with the results of the four
studies and showed a good agreement
as shown in Fig. 7 We used the effective
thermal conductivity ratio (K¢/Ky) to
represent the enhancement of the
natural convection in a dimensionless

Sarhan Almaneey, Abdullatif A. Gari

temperature difference between the hot
side and the cold side of the annulus in
a dimensionless form.

The relationship between the Ke/Kr and
Ran is a positive relationship. Hence,
when the Ranm increases, the Ke/Kr
increases. We wused the effective
thermal conductivity ratio (K¢/Ky) vs.
modified Rayleigh number (Ran) in the
validation because it was used in the
literature [21,23] Hence, we can
compare our results to those in the
literature.

Modified Rayleigh number (Ram) is
given as:

1

Ran=Ra? (0.1389(1-2+0.0927)In(22)

(7)
Where Rai is the Rayleigh number
based on the inner diameter and given

as:

_ gB(Th-T)(0)®

form and the modified Rayleigh Ra; v (&)
number (Ram) to represent the
5
A
& K 3
4 2
Y 3 B
e
"""--w |
X 5 A Grigull & Hauf [29]
B € Kueln & Goldstein [30]
| —— Kiwan & Zeitoun [21]
— — — Alshahrani & Zeitoun [23]
1 ® Present study
0 i | i | I | | | |
0 1 2 3 < 5

Fig. 7 Numerical model validation: K¢/K¢ vs. Ran
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Tablel Fixed and changed values of
the four parameters

The grid test was done at Rar=10° and
started by increasing the number of
elements from 194275 to 4054716
elements. Table 2 and Fig. 6 show the

Parameter Original Changed resulted Ker/K for different numbers of
Value values elements. The number of elements
number of Incregsed until the change‘ in the
fins 8 48,16 effective thermal conductivity ratio
became minimum. After the number of
fins length 15 mm msmmllnS, rlli)m elements of 3,446,018, the effective
2 thermal conductivity ratio value
fins 2 mm, remains at 3.466 with less than 0.09 %
. 2 mm 7mm, 15
thickness error, hence, the number of elements of
cirTlIllllar 3,446,018 is used in our current project.
fins shape | rectangular triangula’r, Table 2 Effective thermal conductivity
square ratio for different numbers of elements
Number of elements Keii/K
5. Grid Test and Code Validation 194275 4152
5.1. Grid Test 277962 3.544
One of the Ansys fluent steps to obtain 241394 SRV
the solution is to divide the geometry 1032848 3.491
into discrete control volumes or 1421910 3.483
elements. When the mesh size was 2005578 3.475
reduced, the number of elements 2586843 3.472
increased. and the output of the results 3009350 3.469
1s more accurate. The effective thermal 3446018 3.466
conductivity ratio (Ker/K) was used as 4054716 3.466
the output results to test the grid
accuracy.
4.2
= 4.1
S 40
s 39
g 3.8
§ % 3.7
=.7 3.6
§ M 35 L
s 3.4
Z 33
g 32
= 0 E+0 1E+6 3 E+6 4E+6 5E+6
Number of elements

Fig. 6 Effective thermal conductivity ratio vs. number of elements
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ANSYS ANSYS

Fig. 4 Vertical annulus with (a) no fins, (b) W=2 mm, (c) W=7mm, and (d) W=15 mm.

ANSYS ANSYS

Fig. 5 Vertical annulus with (2) no fins, (b) triangular fins, (c) circular fins, and (d) square
fins.
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Fig. 2 Vertical annulus with (a) no fins, (b) four fins, (c¢) eighth fins, and (d) sixteenth fins.

ANSYS ANSYS

Fig. 3 Vertical annulus with (a) no fins, (b) L=5 mm, (c) L=10 mm, and (d) L=15 mm.
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Hence it may also be viewed as the ratio
of buoyancy and viscosity forces
multiplied by the ratio of momentum
and thermal diffusivities, Bergman et
al. [1].
In the present study, the Rayleigh
number is dependent on the temperature
difference between the hot and cold
sides of the annulus which means that
the other parameters such as rj and r, are
fixed at 50 mm and 100 mm
respectively while the hot inner side
temperature and the cold outer side
temperature are varied.
The dimensionless groups of the
Rayleigh number and Prandtl number
are defined as follows, Bergman et al.
H ( )( 3
gB(Tp=T)(ro—T1y)
Ra, = 200=Tc) @)

Pr== (5)

a
In natural convection in an annulus, the

heat transfer coefficient depends on the
inner and outer radius of the annulus.
Therefore, the free convection heat
transfer in the annulus is normally
calculated in terms of the effective
thermal conductivity of the fluid in the
annulus which is defined as the thermal
conductivity of the fluid at which
stagnant fluid in the annulus can give
the same rate of heat transfer. In order
to use the effective thermal
conductivity in a dimensionless group,
we divide it by the thermal conductivity
to become the effective thermal
conductivity ratio which is considered
an indicator of the thermal conductivity
enhancement ratio due to natural
convection. Hence, when the effective
thermal conductivity ratio increases,
this means the natural convection is
enhanced.

The ANSYS Fluent has many
correlations which use to solve the
problems. Based on the inputs and the
geometry of the problem, the ANSYS
Fluent selects a suitable correlation to
obtain the results. In our problem, we
input the following parameters: the

outer diameter (Do) and inner diameter
(Di) of the annulus, the thermal
conductivity of the fluid (K), the
temperature difference between the hot
inner surface of the annulus (Th) and the
cold outer surface of the annulus (T¢).
The numerical method used in ANSYS
Fluent to obtain the heat transfer rate is
the finite volume method. The ANSYS
Fluent will compute the heat transfer
rate and we use it in Eq. 3.6 to calculate
the effective thermal conductivity ratio
(Ker/K).

The equation of the effective thermal
conductivity ratio is given as follows,
Nada and Said [22]:

12 Do
__1™M%;
KoK= 21K (T—T)
4.3 Fins Specifications And
Parametric Study

(6)

Longitudinal fins are added to the inner
hot vertical wall inside the 3D annulus
enclosure. The fins were made of
copper and we used copper because it is
easier to maintain than aluminum fins.

A parametric study was conducted to
study the effect of four parameters on
the heat transfer rate performance.
These four parameters are the number
of fins, fins thickness, fins length, and
fins shape. When we study these
parameters, only one parameter was
changed while the others remain
constant, for example when we study
the fins' shape we change the fins' shape
while the fins' thickness, number, and
length remain fixed. All cases were
compared to the model without fins.

The study was done for the number of
fins 4, 8, and 16. Fins' length was
changed from 5 mm to 15 mm. Fins
thickness of 2 mm, 7 mm, and 15 mm
were used, and different shapes of
square, circular, and triangular shapes
were used. The four studied parameters
are shown in Fig. 2 to 5 and their
dimensions are shown in Table 1.
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Fig.1 Schematic of the vertical annulus

Buoyancy force was modeled using
Boussinesq approximation and taking
gravity g=—9.81 m/s? in the negative
vertical direction. In this project we
assumed the following:

1- The variation of the density was
taken into account only in the body
forces (Boussinesq approximation).

2- Steady-state.

3- No heat generated.

4- No radiation in the enclosure
between surface nor fluid particles.

4.2 Ansys Fluent

Ansys Fluent is industry-leading fluid
simulation software used to predict
fluid flow, heat and mass transfer,
chemical reactions, and other related
phenomena. Known for delivering the
most accurate solutions in the industry,
Ansys fluent is based on the finite
volume method and works by the
following steps:

1. The domain or the geometry in this
study is discretized into a finite set of
control volumes using a computational
domain also known as mesh.

2. The general conservation equations
such as mass, momentum, and energy
are solved on this set of control
volumes.

3. The partial differential equations are
discretized into algebraic equations.

4. All algebraic equations are then
solved numerically to obtain the
solution.

It is important that the computational
domain (mesh) is accurate enough to
obtain accurate results therefore we
decrease the control volumes (mesh
size) and run the simulation and record
the output results, we repeat this process
until the output results become almost
the same, this process called the mesh
test also known as the grid test.

For the present study, we used Ansys
fluent to solve the governing equation
to obtain the effective thermal
conductivity ratio, temperature
distribution, and velocity profile. This
is done by iterations through the
discretization of the model. The
governing equations were solved
sequentially using a pressure-based
solver. Momentum and energy
equations were solved using a second-
order implicit scheme. The governing
equations for mass, momentum, and
energy are defined as follows, Bergman
etal. [1]:

V-v=0 (1)
p(V - \V=—VP+uV?*V+pg ()
(V-V)T=aV?*T 3)

The Rayleigh number is a
dimensionless number associated with
the buoyancy-driven flow and can be
defined as the product of the Grashof
number,  which  describes  the
relationship between the ratio of
buoyancy forces to viscous forces, and
the Prandtl number, which describes the
relationship between the ratio of the
momentum and thermal diffusivities.
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inclination angle has a weak effect on
the thermal conductivity ratio, where
the effective thermal conductivity of the
fluid is defined as the thermal
conductivity of the fluid at which
stagnant fluid in the annulus can give
the same rate of heat transfer, and the
effective thermal conductivity ratio is
the effective thermal conductivity of the
fluid divided by the thermal
conductivity of the same fluid.
Shadlaghani et al.[24] numerically
studied the natural convection in a
horizontal concentric and eccentric
annulus with serrated fins. The results
showed that the heat transferred is
better in the eccentric annulus case
compared to the concentric annulus
one.

2.2.2. Vertical annulus

A few studies were performed to study
the effect of fins on the natural
convection in the wvertical annulus.
Ramezanpour and Hosseini [25]
experimentally studied the natural
convection in a vertical annulus with a
helical fin and the results show that the
helical fin enhances the heat transfer.
Solomon and Velraj [26]
experimentally studied the natural
convection in a vertical annulus with
longitudinal fins during the phase
change material, where the phase
change material is a substance that
absorbs or releases large amounts of
latent heat when they go through a
change in their physical state, the results
of the study showed that with the fins
used an enhancement occurs in the heat
transfer. Kumar [27] numerically
studied the natural convection in a
vertical annulus with longitudinal fins
for various parameters. The results
show that the heat transfer rate
increases with the increase of the fin
width and radius ratio and decreases as
the aspect ratio increases beyond one,
where the aspect ratio is the annulus

height divided by the annulus gap
width.

The literature review revealed that
adequate studies on natural convection
in the annulus were done, but when it's
come to natural convection in the
annulus with fins, especially on the
vertical annulus, few studies were done.
Therefore, more studies on vertical
annulus with fins are needed.

3. Study Goal

This project will study parameters: fins
number, length, thickness, and shape.
Their effect on heat transfer rate,
temperature distribution, and velocity
profile will be studied and presented.
The model of a 3-D vertical annulus
enclosure was established. It was
studied numerically using Ansys fluent.

4. Problem Formulation
4.1 Model Specifications

The mathematical model is a 3-D
vertical annulus enclosure with a hot
inner wall and cold outer wall,
Schematic of the vertical annulus is
shown in Fig.1. Boundary conditions of
the top and bottom wall are insulated,
the inner vertical wall has a hot
temperature Ty of 401.65 °C to 416.5
°C and the outer vertical wall has a cold
temperature Tc of 383.5 °C to 398.35
°C. Temperatures of vertical walls were
chosen so that Ry, values range from 10*
to 10°.

Radiation heat transfer becomes
important at high temperatures (above
1000 K) [28] and our present study did
not reach this limit. Therefore, we can
neglect the radiation effect.
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increases with the increase in the
modified Rayleigh number, and
decreases with the increase in the heater
length. Chen et al. [12] studied the
effect of inner-wall motion on the linear
stability of natural convection in a tall
vertical annulus using linear theory, the
results reveal that the inner wall motion
has a significant effect on the stability
characteristics. Sankar et al. [13]
numerically studied the effect of the
axial and radial magnetic field on the
natural convection in a vertical annulus.
The results indicated that for the
shallow cavity, the flow and heat
transfer in suppressed is more by the
axial magnetic field, while in the tall
cavity the radial is more effective.
Husain and Siddiqui [14]
experimentally and numerically studied
the transient natural convection of
water in a high aspect ratio narrow
vertical annulus. The results showed
that the transient period increases
gradually as the annulus height
increases while decreasing as the heat
input increases. Afrand et al. [15]
numerically studied the natural
convection in a vertical annulus filled
with molten gallium in the presence of
the horizontal magnetic field. The
results revealed that the magnetic field
is generating the Lorentz force in the
opposite direction of the buoyancy
force. Abhilash and Lal [16]
numerically studied natural convection
in a narrow vertical annulus which is
closed at the top and opened at the
bottom. They noticed two different
modes of flow which are the radial
mode and the circumferential mode.
Also, the Rayleigh number has an
important effect on these modes'
stability. Wang et al. [17] numerically
studied the natural convection in a
vertical annulus with an inner wall
covered by a porous layer. The results
showed that wrapping with a porous
layer is a good tool for both increasing
or reducing heat transfer. Char and Lee

[18] numerically studied the natural
convection in a porous medium
saturated with cold water under density
inversion. The results revealed that the
inversion parameter and the radius ratio
have an important effect on the flow and
heat transfer, where the radius ratio is
the difference between the inner and
outer radius divided by the inner radius.
Jha et al. [19] analytically studied the
effects of suction/injection and wall
surface curvature on natural convection
flow in a vertical micro-porous annulus.
It is found that when the
suction/injection on the cylinder walls
is increased, the wvelocity and
temperature are increased.

2.2. Natural convection in the
annulus with fins

2.2.1. Horizontal annulus

The effect of the fins on the natural
convection in the horizontal annulus
was studied from many aspects. For
example, Rahnama and Farhadi [20]
numerically studied the radial fins
effect on the turbulent natural
convection in a horizontal annulus. It
was found that the fins arrangement has
no significant effect on the heat transfer
while its effect on the flow and
temperature fields is noticeable in the
case of four fins arrangement. Kiwan
and Zeitoun [21] numerically studied
the laminar natural convection in a
horizontal annulus with porous fins.
The results revealed that the porous fins
provided higher heat transfer rates than
solid fins for similar
configurationsNada and Said [22]
numerically studied the effect of the
longitudinal and annular fins on the
natural convection in a horizontal
annulus. The results showed that
longitudinal fins enhance heat transfer
better than annular fins. Alshahrani and
Zeitoun [23] numerically studied the
fin's inclination angle effect on the
natural conduction in the horizontal
annulus. It was found that the
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the parameters are fins number, length,
thickness, material, and shape,
Bergman et al. [1].

2. Literature Review

In this study, we conduct a study on
natural convection in annulus due to its
important application such as in heat
exchangers, chemical reactors, and
nuclear reactors. Therefore the
literature review will focus on natural
convection in annulus shape.

2.1. Natural convection in the
annulus

2.1.1. Horizontal annulus

Many studies were conducted on the
natural convection in the horizontal
annulus. For example, Nada [3]
experimentally studied the effect of the
annulus gap widths and the annulus
inclination angle on the natural
convection in an annulus and the results
showed the heat transfer increases with
the increase of the annulus gap width
and slightly decreases with the increase
of the annulus inclination angle. Yeh [4]
numerically studied the natural
convection in a horizontal annulus with
open ends for the adiabatic outer
cylinder surface case and isothermal
outer cylinder surface case. He found
that the maximum inner cylinder
surface temperature reported was at the
inner cylinder top and that the inner
surface cylinder temperature decreased
toward the outlet plan in the adiabatic
case and remain relatively constant in
the isothermal case. Kumari and Nath
[5] numerically studied the unsteady
natural convection in an annulus filled
with a non-Darcy porous medium. The
results showed that the annulus
completely filled with a porous medium
has the best insulating effectiveness. He
also found that most of the natural
convection in the horizontal annulus is
confined at the top and bottom places,
therefore, only these places should be
insulated. Yoo [6] numerically studied

the bifurcation and dual solutions for
natural convection in the horizontal
annulus. He found that when the value
of the Prandtl number is ranged from
about 0.3 to 1.0, two different fluid
motion shape types were noticed. The
first one is the crescent-shaped eddy in
the annulus top. The second one is two
counter-rotating eddies in a half
annulus. Wang et al. [7] numerically
studied the Magnetohydrodynamics
effect on the natural convection in a
horizontal annulus in terms of the
uniform axial magnetic field impacts. It
was noticed that a spiral flow arises and
the symmetry breaking occurs under a
weak magnetic field when Hartmann's
number is less than ten. Yang and Kong
[8] numerically studied the natural
convection in a horizontal annulus. The
smoothed  particle hydrodynamics
method was used and the results
showed that the flow stability is
increased by increasing the Rayleigh
number. Belabid and Allali [9]
numerically studied the temperature
modulation effect on the natural
convection in a horizontal porous
annulus, the study is time-dependent
and the time-dependent modulation is
periodic with frequency and amplitude.
It was found that the system became
stable at moderate frequency values.

2.1.2. Vertical annulus

Regarding the natural convection in the
vertical annulus, several studies were
conducted in that area. For instance,
Reddy and  Narasimham  [10]
numerically  studied the natural
convection in a vertical annulus driven
by a central heat generating rod. The
results showed that with the increase of
the Grashof number, the average
Nusselt numbers of the inner and outer
boundaries increased. Sankaret at.[11]
numerically  studied the natural
convection in a vertical porous annulus
with discrete heating for the inner wall,
the results indicate that the heat transfer
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Abstract. Heat transfer by natural convection can be found in many thermal engineering
applications. In order to improve the heat transfer, fins are used to increase the contact
surface and thus the heat transfer rate. In this project, natural convection heat transfer
performance in the vertical annulus enclosure was studied numerically. Software Ansys
fluent was used to solve the governing equations to arrive to velocity and temperature
distribution. A grid test was performed, and the model was validated with previous
experimental and numerical studies. The results showed that the fins have a significant
effect on the heat transfer enhancement compared to the model without fins. Afterward,
a parametric study was performed to study the effects of fins number, length, thickness,
and shape. Increasing fins number increases the heat transfer rate by 46%. The effect
of the number of fins on the heat transfer rate corresponds with the results in the
literature. Increasing fins length increases the heat transfer rate by 27%. The fin
thickness has a little effect on the amount of the convection heat transfer. It was also
found that square fins have the best results over circular and triangular fins. Regarding
the Rayleigh number effect, increasing the Rayleigh number increases the heat transfer
rate, which corresponds with the results reported in the literature.

Keywords: Keywords: Natural convection; Vertical annulus; Longitudinal fins

The heat transfer enhancement

1. Introduction techniques are mainly classified into
There is an increase in energy demand two groups. The first one is the active
worldwide for industrial use. The rapid technique where an external source of
development of electronic devices for power is required to maintain the heat
personal and industrial use and transfer ~ enhancement  such  as
thermochemical processes led to the mechanical aids, surface vibration, fluid
rise of technical and financial vibration, electrostatic fields, injection,
challenges. One of these challenges is suction, spray, and jet impingement.
the ability to enhance the heat transfer The second one is the passive technique
in these applications to reduce energy where the external power source is not
consumption and cost. needed such as treated surfaces, rough
Sometimes the heat is not transferred surfaces, smooth surfaces, use of
adequately which can cause serious additives such as nanofluids, and
problems in the thermal systems. For extended surfaces such as fins,
example, when the heat generated from Rohsenow et al. [2].

nuclear reactor rods is needed to be The fins are used to enlarge the surface
transferred regularly to maintain the area, hence increasing the contact area
temperature under control, therefore, resulting in increasing the heat transfer
enhancing the heat transfer is needed. rate. It's important to mention that the
Bergman et al. [1]. effect of fins on the natural convection

depends on several parameters. Some of
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C) Bone window.
D) Lung window.

5) Which of the following describe the
relationship between pitch and dose?
A) If pitch increase, dose increase.

B) If Pitch decrease, dose decrease.

C) If pitch increase, dose decrease.

D) Nothing happens.

6) What is “ALARA™?
A) As Low as Responsibly Acceptable.

B) Alarm Loss Activated Radiation Activated.

C) As Low as Reasonably Achievable.
D) As Low As Really Acceptable.

C) Increasing scan length
D) Increasing pitch

11) Reducing kVp in CT results in:

A) Better tissue contrast.

B) Reduced scan time.

C) Metal streak artifacts are improved.
D) X-ray penetration improves.

12) Which of the following reduces noise:
A) Decrease kVp.

B) Decrease mAs.

C) High pitch.

D) Low pitch.
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Radiographers’ Knowledge of CT Exposure
Parameters. Insights Imaging, 2013, 4 (5),
637-646.  https://doi.org/10.1007/s13244-
013-0282-4.

[12] Kim, M. J.; Park, C. H.; Choi, S. J;
Hwang, K. H.; Kim, H. S. Multidetector
Computed Tomography Chest Examinations
With Low-Kilovoltage Protocols in Adults:
Effect on Image Quality and Radiation Dose.
J Comput Assist Tomo, 2009, 33 (3), 416—
421.
https://doi.org/10.1097/rct.0b013e318181fab
5.

[13] Radiology, A. C. of. ACR PRACTICE
PARAMETER FOR PERFORMING AND

/media/ACR/Files/Practice-Parameters/CT-
Perf-Interpret.pdf (accessed Jul 18, 2020).

[14] Amato, E.; Lizio, D.; Settineri, N.;
Pasquale, A. D.; Salamone, I.; Pandolfo, I. A
Method to Evaluate the Dose Increase in CT
with lodinated Contrast Medium: Dose
Increase in CT with Iodinated Contrast
Medium. Med Phys, 2010, 37 (8), 4249—
4256. https://doi.org/10.1118/1.3460797.

[15] Sigal-Cinqualbre, A. B.; Hennequin, R.;
Abada, H. T.; Chen, X.; Paul, J.-F. Low-
Kilovoltage Multi—Detector Row Chest CT
in Adults: Feasibility and Effect on Image
Quality and lodine Dose. Radiology, 2004,
231 (1), 169-174.

INTERPRETING DIAGNOSTIC https://doi.org/10.1148/radiol.2311030191.
COMPUTED TOMOGRAPHY  (CT)
https://www.acr.org/-

Questionnaire

1) What level are you in :
A) Level 6.

B) Level 8.

C) Internship.

D) Radiographer.

2) Who decides on the routine CT scan
Protocols in your department?

A) Radiologists ( )

B) Radiographer ()

C) Physicist ()

D) Application specialist ()

E) Other ()

3) Who decides if the patient should take
contrast?

A) Radiographer.

B) Radiologist.

C) Physicist.

D) Clinical Physician.

4) In Abdomen CT scan what window will be
better:

A) Narrow window.

B) Wide window.

7) Which of the following increase contrast
resolution in CT?

A) Lower mAs.

B) Higher mAs.

C) Thin slice thickness.

D) Fast gantry rotation.

8) Narrow window width improves:
A) Temporal resolution

B) Spatial resolution

C) Contrast resolution

D) All of the above

9) which of the following does not affect noise
in CT scan:

A) Window level

B) mAs

C) Slice thickness

D) kVp

10) The dose in CT scan can be reduced by
which of the following parameters (assuming
other factors are constant)

A) Increase kVp

B) Increase mAs
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the employees in this study are
technologists with diploma degrees and
with lack of continuing professional
education. In addition, CT parameters are
automated, and this could be a factor
further contributing to the respondents’
wrong answers. Surprisingly, there is a lack
of awareness and knowledge regarding CT
parameters among the internship students,
despite the fact that they are expected to
have the highest level of knowledge among
the categories of students. On the other
hand, there was a wide range of answers
given by Level 6 students who were unable
to fully comprehend CT and are still
undergoing the CT course. Level 8 students
answered fairly well, however there were
some limitations that would require more
education, more courses, or more online
resources. In order to maintain the accuracy
of CT parameters, the need for ongoing
education is inevitable.
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recommends that all protocols should be
designed by medical physicist,
radiographer and radiologist [12]. The base
of such designs is to maintain acceptable
image quality and appropriate radiation
dose [13]. Also, contrast media is widely
used in CT scans to improve visualization
of vessels [14]. Radiologists are the ones
who decide whether the patient should be
given contrast or not.

Most  students answered the
question about the impact of changing
pitch factor in CT correctly. However,
28.5% from level eight chose the wrong
answer and those, (18.1%) from level six
answered wrongly, (44.4%) of interns did
not understand how pitch works, while
surprisingly four out of six (66.6%)
employees showed lack of knowledge
when it comes to the relationship of pitch
factor in CT. This might be due to the fact
that the relation between pitch and dose is
relatively complicated to CT users and it is
not as straight forward as mAs. Previous
published studies have reported the
potential harm caused to patients when
they are exposed to high radiation doses
during angiographic studies [12, 15].
Furthermore, the respondents were asked
about certain parameters such as “kVp”,

(13 29 <¢

mAs”, “scan length” and “pitch”. Two out
of six employees answered correctly, two
out of nine internship students chose the
correct answer, eight out of 11 level six
students chose the correct answer and 12
out of 14 level eight students answered the
question correctly which was the most
respondents. This finding might be due to
the fact that the dose reduction is confusing
and can be implemented using different
approaches based on the scan nature.
Similarly, Foley et al discovered in their
study that (14%) of radiographers believed
that there is no reduction in patient dose
when kVp is decreased from 120 to 100,
and (38%) felt that image noise does not

increase, while (48%) said that vessel
enhancement does not improve during
contrast examinations [11].

The respondents of the study was
asked about the optimum scan window of
the abdomen. Windowing is tricky
question because it is being automated by
the system. Although students from level
eight should know the impact of changing
windowing, they still could not answer this
question correctly. This question is another
proof that the concept of windowing is
confusing. More than half of the
respondents answered both of the questions
above correctly due to the concept of noise
being somewhat complex. These types of
questions show lack of fully understanding
CT parameter due to the fact that most of
the parameters mentioned above are being
automated by the system. Furthermore,
lack of education or being unfamiliar with
CT parameters could be another reason for
the variation in the answers given.

The limitation of the study is the
small sample size. Employees were not
cooperative as much probably due to their
duties in the hospital. Also, the duration of
the study was not enough to collect as much
responses as possible, students were busy
with their studies and mid-terms.

A good recommendation for future
research would be to repeat the study again
with the next cohort of students and same
cohort of employees (i.e., radiographers)
after conducting continuing professional
education training related to CT parameters
utilization for various CT procedures in
order to evaluate how such continuous
training may enhance their knowledge
level.

In conclusion, the level of
understanding of the CT parameters varied
among students and employees, due to the
knowledge that most students have from
their ongoing undergraduate studies while
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Abdominal CT scan windows

B Bone window Lung window Narrow window Wide window

2% 3%

50%

45%

Fig.3. In Abdominal CT scan, what window will be better?

4. Discussion and Conclusion

There was a twofold difference in the
answers between undergraduate students
and employees despite the experience gap
between both groups. Students were able to
answer most of the questions correctly.
Few of the questions sparked controversy
due to the major difference of answers
when both groups were compared to each
other. Employees’ answers greatly varied,
most employees answered the ALARA and
protocols related question correctly due to
the guidelines of the radiology department
they are working in. Among radiologists
asked about CT protocols, 50% indicated
they choose the protocols alone, the rest
doing so in cooperation with a physicist
(14%), a physicist and radiographer (14%),
an applications specialist (7%), a physicist
and applications specialist (7%) or with a
combination of all (3%) of these
individuals [11]. However,  when
employees were asked about technical
parameters such as “optimum scan

window”, “pitch”, “kVp” and “mAs” the
majority answered incorrectly probably
due to their academic status or most
probably due to the fact the CT parameters
are automated in the scanners they use.
Based on this finding, radiographers should
always update themselves and undergo in-
house training. Also, raising their
awareness about CT parameters can help
minimize the radiation dose delivered to
the patient. Ongoing education can be a
critical point to be recommended to anyone
working in the healthcare field especially
radiologic  technologists or clinical
specialist radiographer due to the potential
hazards of ionizing radiation.

The understanding of ALARA
among the study respondents was almost
understandable, due to the fact that the
principle of ALARA is one of the radiation
protection pillars. Indeed, more than 80%
of all categories of respondents answered
the meaning of ALARA correctly. The
American College of Radiology (ACR)
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When the respondents were asked about the
optimal window for abdominal CT, one out
of six employees chose the correct answer
which is narrow window, six out of nine
interns chose the correct answer, six out of
11 students from level six also chose the
correct answer and finally five out of 14
students from level eight chose the correct
answer (Fig. 3).

Also, when respondents were asked about
what does narrow window improve, their
answers varied, 30 respondents (75%)
chose the wrong answer and 10 (25%)
chose the correct one. 33.3% of employees
chose the correct answer, 77.8% of interns
chose the wrong answer, also 81.8% of
level 6 chose the wrong answer and level 8
only 28.6% chose the correct answer.
“Which of the following increases contrast

resolution in CT” 18 (45%) respondents
chose “higher mAs” which is the correct
answer, 35% chose “thin slice thickness”
and 20% chose “lower mAs”. 26 (65%)
chose “Window level” which is the correct
answer when they were asked about
“which of the following does not affect
noise in CT scan”. Similarly when asked
about how to reduce noise a significant
number of respondents (52.5%) answered
“low pitch” would be beneficial. Two
question were given to the respondents the
first one is “which of the following does not
affect noise in CT scan”, 26 (65%) respond
with “window level”. The other question is
“which of the following reduces noise”, 21
(52.5%) correctly answered “low pitch

Table 4. Results of knowledge about tube potential

Results of reducing kVp Frequency z’(;r)cent
(1)
Better tissue contrast 4 66.7
Reduced scan time 1 16.7
Employees .
Improved x-ray penetration 1 16.7
Total 6 100
Better tissue contrast 4 44 4
Internship :
(Level 10) Reduced scan time 5 55.6
Total 9 100
Better tissue contrast 4 28.6
Improved metal streak artifacts 6 429
Level 8
Reduced scan time 4 28.6
Students Total 14 100
Better tissue contrast 7 63.6
Level 6 Improved metal streak artifacts 4 36.4
Total 11 100
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Percentage of particicpants who chose the
correct answer of each group

Level 8 mlevel 6 mInterns M Employees

0,
0,
= W

78.6%

Fig.1. Who decides on the routine CT scan protocols in your department?

14
12
10 -
8 - M level 8
H level 6
6 - W Interns
4. Employee
2 -
0 .

Fig.2. Total number of respondents answering the question correctly regarding ways to reduce
dose in CT

They were also asked about what could
happen when reducing kVp in CT scan,
47.5% answered ‘“better tissue contrast”
and 52.5% chose wrong answers. Table 4
shows the answers of the whole respondents
when they were asked" reducing kVp in CT
results in", only 47.5% of the whole

respondents  chose the correct answer
which is "better tissue contrast" The
answers varied because most CT users
confuse kVp with mAs when it comes to
which of these two improve tissue contrast.
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six) employees were
department protocol and knew that the
radiologist is the one who decides if the
patient should take contrast or not.

familiar with

Table 3. Results of knowledge about the responsibility of protocol selection

Who decides on the routine CT scan protocols in your

department? Frequency | Percent (%)
Employees Radiologists 6 100
Physicists 4 44 4
Internship | Radiographers 2 222
(Level 10) | Radiologists 3 333
Total 9 100
Application specialists 3 214
Others 1 7.1
Students Level 8 Radiographers 2 14.3
Radiologists 8 57.1
Total 14 100
Application specialists 2 18.2
Others 2 18.2
Level 6
Radiographers 2 18.2
Radiologists 5 45.5
Total 11 100
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Only nine respondents chose the
wrong answer related to the question of
ALARA, one out of six of the employees
chose the wrong answer, four out of nine
interns chose the wrong answer probably
due to the fact that most of the answers
were close to each other and almost
identical, two out of 11 students from level
six missed the correct answer and two out
of 14 students from level eight chose the
wrong answer (Table 2). The highest
percentage of respondents who answered
the question correctly are level eight
(85.7% or 12 out of 14 students).

The respondents of the survey were
asked about CT protocols, 100% or six out

Table 1. Demographic distribution

of six employees answered “radiologist”.
Internship students had multiple answers,
44.4% chose “physicist”, 33.3% chose

“radiologist” and 22.2% chose
“radiographer”. Level six students 45.4%
chose  “radiologist”, 18.1%  chose

“radiographer”, 18.1% chose “application
specialist” and 18.1% chose “other”. Level
eight students, 64.2% answered
“radiologist”, 21.4% answered
“application specialist”, 14.2% answered
“radiographer” and 7.1% answered
“physicist” (Table 3 and Fig. 1).

Frequency Percent (%)
Employees 6 15
Internship (Level 10) 9 22.5
Students Level 8 14 35
Level 6 11 27.5
Total 40 100

Table 2. Results of knowledge of the “ALARA” principle

Frequency | Percent (%)
Alarm Loss Activated Radiation Activated 1 2.5
As Low As Really Acceptable 1 2.5
As Low As Reasonably Achievable 31 77.5
As Low As Responsibly Acceptable 7 17.5
Total 40 100

Also, when respondents were asked
about “who decides if the patient should
take contrast media?”, (63.7% or seven out
of 11) students from level six had no idea
on who decides if the patient should take

contrast or not and (21.4% or three out of
14) students from level eight chose
different answers. Also, (55.5% or five out
of nine) interns had mixed opinions about
the question, while (83.3% or five out of
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specifically when inappropriately used, in
addition to CT carcinogenic risk [5].

All CT examinations must follow
the “As low as reasonably achievable”
(ALARA) principle, which means that the
practice of dose deliverey to patients
should ensure that the benefits always
outweigh the potential risk [6]. As CT
technology has undergone many recent
developments, there are some difficulties
for CT users to be familiar with all system-
specific features, especially if operating
multiple scanner models from various
manufacturers. Thus, the radiology
technologists’ knowledge of the various
parameters that control the output of CT is
important. There are number of CT
parameters that the technologist can control
to produce images with different quality
levels and radiation dose delivery.
However, default settings and
manufacturers recommended protocols
tend to focus on the quality of the image
regardless of delivered dose [7].

To ensure optimization, operators
must tailor the CT parameters to better
match the region being scanned and patient
size [8]. The literature showed massive
differences in the radiation dose delivered
across sites and countries, even for similar-
sized patients [9]. This may be attributed to
differences in CT equipment and to the
scan protocols. Such dose disparities may
also point to a lack of knowledge on how to
manipulate and adjust CT parameters,
especially on an individual basis. A
previous study has reported that up to 25%
of radiologists are unaware of specific CT
parameters used for their routine
examinations [10].

In this study, we aim to evaluate
employees  (i.e.,  radiographers) and
undergraduate students’ knowledge about
CT parameters to improve healthcare and
the outcome that lead to a good practice in

the working environment. We further test
whether students know more about CT
parameters, compared to radiographers.
We hypothesize that the respondents will
have different levels of knowledge
regarding the technicality of CT.

2. Material and Methods

This is a cross-sectional
questionnaire study conducted at four
hospitals in Medina, Kingdom of Saudi
Arabia (KSA); after obtaining ethical
approval from the ministry of health
(MOH). A copy of the ethical approval was
addressed to each hospital manager. The
questionnaire used was adapted from
previously published and validated survey
[11], after obtaining proper permission.
The survey consisted of 12 close-ended
multiple-choice questions (MCQs) related
to computed tomography technical
parameters and CT exposure factors such
as pitch, slice thickness and reconstruction
algorithm. The survey was distributed with
a comprehensive explanation to the
respondents, and all of the responses
remained anonymous with no questions
related to identity were asked. Recruitment
involved employees, students and interns
(i.e., in their fifth year of the study plan
“level 10”). Questionnaires were given to
each participant via hard copy or online
using a web link. All respondents were
asked to return the questionnaire with no
longer than five days from the day of
receipt.  Descriptive  statistics ~ were
generated to show the wvariations in
responses, using SPSS version 22.

3. Results

Out of the 40 questionnaires given to both
radiographers and undergraduate students,
35% of the respondents were from level
eight, 27.5% were from level six students,
22.5% were from internship students and
15% were from employees (Table 1).
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Abstract. This study aims to evaluate employees (i.e., radiographers) and undergraduate students’
knowledge of Computed Tomography (CT) parameters and their impact on image quality and
radiation dose. A cross-sectional questionnaire study was conducted at four hospitals in Medina,
KSA. The survey consisted of 12 close-ended multiple-choice questions related to computed
tomography technical parameters. The survey was distributed with a comprehensive explanation
to the respondents, and all of the responses remained anonymous with no questions related to
identity were asked. Forty respondents were included in this study. Of those, 14 students were
from level eight, 11 students were from level six, nine were interns and six were employees. There
was a twofold difference in the answers between undergraduate students and radiographers despite
the experience gap between both groups. Students were able to answer most of the questions
correctly. Only few questions sparked controversy due to the major difference of answers when
both groups were compared. The understanding level of the respondents varies among students
and employees, where most of the correct answers were given by the former. The main reason for
this could be due to the variation in the respondents' qualification. The employees in this study
were only technicians with diploma degree.

Keywords: Computed Tomography, Exposure parameters, ALARA, Radiation dose, Image quality

owing to the long scan range acquired [1,
2]. As one of the largest contributors of

1. Introduction

Computed tomography (CT) technology ionizing radiation in the diagnostic medical
has evolved over the last‘SO years maklng field; concerns are rising regarding the
it the modahty of choice for different potential harm that CT may cause on both
clinical questions. Nevertheless, the individuals [3, 4], and respondents

radiation dose from diagnostic CT is high
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