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ARTICLE INFO ABSTRACT

Temperature control presents a high cost for recirculating aquaculture
systems (RAS). It is necessary to find a solution that would save energy in RAS. A
heat balance for recirculating aquaculture system was developed on python
program and a heat predicting model on graphic interface user (GUI) was
produced with the given name of RAS designer and operation assistant. The
model can predict precisely the heat energy required to be added or removed to
maintain the water temperature at optimum water temperature to guarantee fish
welfare and productivity. The model was validated by comparing predicted heat
energy to actual heat energy. The model can predict the total annual, monthly,
daily, hourly and extreme condition heating requirements, solar radiation, and
water temperature.The predicted temperature of the water in the tank by the model
ranged from 21.96 °C to 33.26 °C with an average of 27.92 °C + 1.34 °C. on the
other hand the actual temperature of the water in the tank ranged from 22.20°C to
30.90°C with an average of 28.41 °C + 1.16 °C. The model gives good and
promising results that are relatively realistic.
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cost aquaculture productions, correct heating cost
estimation is crucial to ensuring the viability of a
proposed system from an economic standpoint (Singh
and Marsh, 1996).

1. Introduction

The main environmental factor influencing the growth

and development of aquatic species is the water
temperature. It must be maintained within a
physiologically acceptable range to achieve year-
round aquaculture output. Placement of the production
units inside covered facilities where the impact of
weather on the air and water is minimized is a typical
method for accomplishing this (Li et al., 2009).

The cost of heating a greenhouse in the winter,
especially given the high cost of energy today, is
substantial. Because heating expenses make up a siz-
able amount of the total energy requirements for
recirculating aquaculture productions, correct heating
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Exploring potential management strategies for current
systems through simulation is crucial to ensuring
profitability by lowering heat loss and related heating
expenses (Li et al., 2009).

It has taken a lot of effort to model greenhouse tanks
or pond systems (Zhu et al., 1998; Sarkar and Tiwari
2006; Jain, 2007; Li et al.,, 2009;Davison and
Piedrahita, 2015). Typical model inputs for simulating
a greenhouse-covered aquaculture system include
weather information such as air temperature, solar
radiation, humidity, and wind speed (Zhu et al., 1998;
Sarkar and Tiwari 2006; Jain, 2007; Li et al.,
2009;Davison and Piedrahita, 2015). Depending on
the location, these data can either be measured by an
on-site weather station or collected from several public
data sources. When aeration is occurring at high rates
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compared to the volume of water, modeling heat
transfer may be crucial to take into account. (Talati
and Stenstrom, 1990; Sedory, 1992; Makinia et al.,
2005). Since the models are based on greenhouses,
they lack the flexibility to add and remove a cover daily
and do not take into account the significance of any
aeration effects that might be present in a system that
is strongly aerated (Davison and Piedrahita, 2015).
In their 2015 study, Davison and Piedrahita (2015)
showed that a basic cover and insulation are
insufficient to increase the tank's temperature
throughout the winter to the level necessary for ideal
growing conditions. Nevertheless, a cover may enable
ideal growing conditions during other seasons when
more sunlight is available, such as early spring and
late fall, or it may lower costs if additional heating is
necessary during the winter.

Ali (2006) concluded that the two main sources of
energy for ponds were solar radiation and longwave
sky radiation. Average contributions from solar
radiation and longwave sky radiation were 33% and
21%, respectively (with a range of 14-49% and O-
51%).

Li et al. (2009) evaluated the differences between the
real and expected values and concluded that the
model accurately depicts the system, with average
absolute errors of 1.4%, 0.5%, and 8% for the
prediction of air temperature, water temperature, and
relative humidity, respectively.

Ali (2012) developed a model to forecast solar
radiation. Solar radiation peaked at 2402.98 W on an
average winter day, compared to 3931.91 W on an
average summer day.

Khater (2012) showed that the system's
measurements of the water's temperature ranged from
25 to 30.90 C. However, the program predicted it
would range from 24.20 C to 29.86 C.

Davison and Piedrahita (2015) developed a model to
estimate G. Pacifica growing conditions, the model
frequently predicts values that are within 0.3°C of the
measured values. In the best-case scenario, a system
with insulation with a thermal resistance of at least 0.2
m® °C W and a high-performance cover that boosts
shortwave radiation transmission while decreasing
longwave radiation transmission experienced an
increase in temperature of about 3 °C.

Ragab et al. (2022) have developed a mass
balance concerning oxygen and ammonia and a GUI
has been produced. As a work completion, a heat
balance must be done to cover the most important
parameters in the RASs.
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The objective of this study was to construct and
verify a heat-predicting model of a recirculating
aquaculture system for growing Nile tilapia that
predicts tank water temperature to influence
system design and operating decisions to
maximize Nile tilapia growth. The model consists
of all heat vectors that have impact on water
temperature. The model is very important in
desigining and calculating the heat energy
required to be added or removed to design the
heat exchanger.

MATERIALS AND METHODS

2.1. Model development
The energy balance equation of the water in the
tank is (Li et al., 2009; Davison and Piedrahita,
2015):
dT,,
vaw ? = Qow — Qrwi — Giwi T GRelow T GRec2w —
G Rwsky — G0we — Tvwat — Tlw.at — Diwew T Gother
1)
where
Cw is the specific heat of the water on a
volumetric basis (J m™°C™)

V,, is the volume of the water (m°)
T,  is the water temperature (°C)
t is time (s)

Osw is the solar radiation absorbed by water (W)

grwi 1S the sensible heat transfer between the
water surface and the inside air (W)

qunei IS the latent heat loss from the evaporation
of the tank water (W)

Oreiw IS the net thermal radiation between the
water surface and the exterior cover

Ore2w IS the net thermal radiation between the
water surface and the interior cover

JrwskyiS the net thermal radiation between the
water surface and the sky (W)

Jow,s IS the conduction between the tank and the
soil at the bottom of the tank

grwar 1S the sensible heat transfer between the
water and the aeration bubbles (W)

qw o 1S the latent heat transfer between the water
and the aeration bubbles (W)

g ow IS the latent heat transfer between the water
and the ambient air due to swirling water
motion (W)

Qother IS the heat transfer due to inlet water
addition or removal and rain if present (W)



Aqu. Sci. & Fish Res. 3 (2022) 11-20

According to Li et al. (2009) the sensible heat
transfer between ambient air and the surface of
the water:

Grwi = hrwidw(Tyw —T3) 2

Where

hywwi is the convective coefficient between the

water surface and the inside air (W m?°C™)
A. is water area (m?
T is inside air temperature (°C).
The convective coefficient between the water
surface and the inside air could be determined
(Papadakis et al., 1992).
hyy i = €4|T, —T; 13
3)

Where
C, Coefficient (=3 according to Li et al. (2009))

Li et al. (2009) calculated the latent heat loss from

the evaporation of the water (W):

Giw.i = Do i (e — ;) 4)

Where

h:i is the convective coefficient for latent heat
between the water surface and the inside air
(W mkg™)

€ is the water vapor concentration of the inside
air (kg m'3)

e, Is the saturated water vapor concentration at
water temperature (kg m'3)

Li et al. (2009) determine the convective

coefficient for latent heat by the next equation:

i 1
hf,- = Il'_u_ Le 'Eh[.r (5)
Where
A is the latent heat of water evaporation (J
kg™)

c, Iis the specific heat of the air on a
volumetric basis (J m?°C™)

Le is Lewis number representing the ratio of
thermal diffusivity to mass diffusivity
=0.89 (Zhu et al., 1998).

The solar radiation absorbed by the water was

calculated (Davison and Piedrahita, 2015) as:

Qew = T.%r':l - FSH':]AH'S (6)

Where

Tg. IS the transmissivity of a single layer of
plastic cover to solar radiation

Ps.w is the reflectivity of water surface

S s the outside global solar radiation (W m™).
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The following formulae can be used to calculate
the amount of incoming extraterrestrial radiation

Where
Wtime is the solar time (d@rees)

(Khater, 2012):
2

s =ws, () cose, @)

Where

¥ is a “clearness” factor (1 on clear days, 0.2 on
cloudy days)

5. is the solar constant (1353 W m™)

is the distance from the Earth to the sun (km)
Dy is the mean distance from the Earth to the
sun, 1.496 x 10°% km
#; s the solar zenith (degrees)

The next equation is used to determine the
squared ratio between the distances from the
Earth to the sun to the mean distance from the

Earth to the sun (Ali, 2006):
2

D
(D_) =1.000110+ 0.0342Z21cost+ 0.001280sint

i}

+0.000719 cos(27) + 0.000077 sin(2Z7) ®)
Where
T is the day angle (radians)

The day angle equation is (Duffie et al., 2020):
2rnln — 1)

T~ 365 )
Where
n is the day of the year (on January 1st, n = 1)

Duffie et al. (2020) concluded that the cosine
zenith angle could be calculated as:

cosl, =sin®sind+ cosPcosbcosw (10)
Where
(0] is the pond’s latitude (positive for north)
(degrees)
(] is the solar declination (the angle

formed by the line from the center of the
earth to the center of the sun and the
earth’s equator) (degrees)
w is the hour angle (degrees)
Wime IS the solar time (degrees)
According to ASHRAE (2009), the following
equation is used to compute the solar declination:
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5=23.45sin 22 (284 + )] (11)

The hour angle could be determined according to
Duffie et al. (2020):

@ = (12 — tagjme Jx15° 12)
The solar time could be calculated according to
the equation (ASHRAE, 2009):

eime = LST + (Lnt — Ing) = 15 (13)

Where

LST s the local standard time

Lnt is the longitude of the standard time
meridian (degrees)

Lng s the longitude of the pond (degrees)

The net thermal radiation between the surface of

the water and the exterior cover (Li et al., 2009):

FRew = % (T, +273.16)* — (T, + 273.16)%]
(14)

Where

o is the Stefan—-Boltzmann constant = 5.67x10®

T,.2 IS the transmissivity of a single layer of plastic
cover to solar radiation

£, IS the emissivity of the water surface

£, is the emissivity of the interior surface of the
exterior cover

Te1  is the exterior greenhouse cover temperature
(°C) and T,, is the water temperature (°C).

The net thermal radiation between the water

surface and the interior cover (Li et al., 2009):

.7
_ oA . \
el o o1 (e +273.16)° — (T, +273.16)']
(15)

QRezw =

Where

£, IS the emissivity of the water surface

£.2 Is the emissivity of the interior surface of the
interior cover

T2 is the interior greenhouse cover temperature
(°C) and T, is the water temperature (°C).

Assuming the sky is a black body, the net thermal

radiation between the water surface and the sky is

(Li et al., 2009):

Qi shy = - Ee Te1oTeaAy [Ty + 273.16)* — (Tyyy + 273.16)%]
(16)

Where

Tpy is the transmissivity of the exterior cover for

thermal radiation

Tsy  the sky temperature (°C)

The sky temperature could be determined by the

next equation (Swinbank, 1963):

14

T.xy = 0.0552(T; + 273.16)"° — 273

Where

T, isthe outside air temperature (°C)

The conductive heat transfer between the tank
and the soil beneath is (Li et al., 2009):
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kg
Qows = I_Aw':rw_rs]

—&

z (18)
Where
k., is the thermal conductivity of soil (W m™°C ™)

ls is the thickness of the soil layer where the
temperature at its bottom can be regarded as
constant (m)

Ts s the soil temperature (°C)

The heat transfer between the water in the tank

and the air through the tank sides and bottom if

the bottom of the tank is above the ground

(Davison and Piedrahita, 2015):
L

Gpwi = Asba{r‘w—rf] (19)

Where

Agp is the surface area of the sides and bottom
of the tank (m?)

Rest is the total thermal resistance of the tank (m2
‘cw?)

The total thermal resistance of the tank if the

bottom of the tank is above the ground (Davison

and Piedrahita, 2015):

1 1

Resr = (h_[] + (Restyan) + (EJ

(20)

Where

h; is the convective heat transfer between
the wall and the bottom of the tank with air
wm?c™?

Resp is the total thermal resistance of the tank
plus insulation if present (m?°c w™)

hy is the convective heat transfer between
water and the wall and the bottom of the
tank (W m?°c %

The next equation was used to calculate sensible

heat transfer between the water and the aeration

bubbles (Davison and Piedrahita, 2015).

Qvwar = QairPaiCPai (Tyw—Tas) (21)

Where
2.~ is the rate of aeration airflow (mss'l)
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pai isthe density of aeration inlet air(kg m'3)

Cpa; is the specific heat of aeration inlet air(J kg™
OC_]_)

T,; is aeration inlet air temperature ('c)

Sedory (1992) calculated the latent heat transfer
between the water and the aeration bubbles as:

_ -"""w@rafl"‘a P“‘r (Rhﬂ + hf (ll]l] - Rh“]) Pm'thu'
Toeat = “yo0R Ty + 273 TT, +273

(22)
Where
My is the molecular weight of water (kg kmol_l)
R s the universal gas constant (J kmol™"K™)
Rhy is the relative humidity of ambient air, measured
by the weather station (%)
Pw is the vapor pressure at a temperature of water
(Pa)
Talati and Stenstrom (1990) computed the latent
heat transfer between the water and the ambient
air due to swirling water motion (W) as:

Rh
Qe sw = (1. 145 x 106 (1 - F;J +6.86 x 1u4{r“.—r[-])

x 2.171828"MTay_ AR ¢
(23)

The heat transfer due to inlet water addition, rain,

Where

V.. is the velocity of water surface caused by
aeration swirling, a constant value(m s™)

C  constant for converting from English to SI
units (W day cal™)

and outlet water drainage (Davison and

Piedrahita, 2015):

Gother = Quwat CPwi Pwil Ty — Towi) (24)

Where

Quat is the rate of water flow (m®s™)

Cpwi Iis the heat capacity of, inlet, rain, or outlet
water (J kg™"'C™)

pwi  is the density of inlet water (kg m™>)

Twi is the inlet, rain, or outlet water temperature
(o)

2.2 Analysis Procedures

2.2.1 The model description

Python version 3.8.6 was used to create the
model. It determines the expected tank
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temperature as well as the amount of energy
being transmitted through various heat transfer
mechanisms. This model's flowchart is shown in
fig. 1.

B
/ .

/ Initial water temperature (¢) / —

L / /

l ’,’/ Site Data

/
/
/

| Lat.
/ /

| / Lng. ,'

1 /

1

|
" 5
[ /!
{,' o Stefan-Boltzmann | .—{—; q '
Vwi )ﬂ—
1
’/ Constant //_ : 1
S e N | H
(o -
Water surface area I 1
1
1

{
/

Solar Zenith Angle 6,

Tank Data RAS Data

L
h

'
v/ - g ""—"‘., Air Temperature ('¢)
i Tank Diameter (m) e

[ s

1 ' H

| T
[ 9 rwsk '/ N
i/ Water Depth (m) ] e _77 Solar Radiation /1

|
|

|

1

1

|

—! |
/ T
H AN A Y i ' |
|

|

|

|

|

|

1

|

|

H |
i Tank /": 1 I Gows E‘ /i
'/ Tank thermal & ' o/ Relative Humidity /!
:‘,r’ conductivity /\' | | Pt §
il 1 H ‘
I | 1 '/ 74
| i Wind Speed (m/s) /1
' S
[ 7 1 : H
/ Cover properties ja— | V/ : ]t
/ / HT* Qwar : —7 Rain [
d 1 i
! R |
b X !
[ 1 H [ —
Heat transfer Coefficient ™ 1 / A /
N / Water leaving or /
F 1| Qother / adding /
[ / IL vl ‘
/ Water and Air [ | "TT°r-=-°
/ Properties

Calculate Required Heat Energy added I

Fig. 1. The flowchart for energy balance for water
tank in Recirculating aquaculture system for Nile
tilapia raising

To make the model more understandable, the
following presumptions were used:

Despite variations in water temperature, the
water's density and specific heat remained
constant. Since there was a less than 1%
difference in density between 273K and 316.3K,
this was a realistic assumption to make. The
specific heat changes relatively by 1.2% from
4.225 kJ kg* K* at 273K to 4.174 kJ kg™ K™ at
316.3K.

Tank volume remained steady. It seemed logical
to assume that water was constantly being
released from the standpipe. The tank's capacity
stayed constant. It appeared logical to think that
water was being released from the standpipe
continuously.

The sky was clear to calculate the emitted
atmospheric longwave radiation).

The characteristics of the soil beneath the tank
were evenly distributed. The fact that the soil
beneath the water tank's floor was compacted and
completely saturated with water provided support
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for this idea. Another assumption is when the
relative humidity of the air is around 100%, there is
no evaporation. Insignificant amounts of heat were
produced by the degrading of microorganisms in
the water tank. The parameters used in this model
are shown in table 1.

Table 1. Parameters used in the model

Symbol Value Unit Source
_ & 053 A |
o Zhu et al.
> T 42
8= 0 (1998)
Tse 0.8
Lienhard and
Z Ca 1185 Jm*’ct  Lienhard
(2003)
wm''Cc
k
= s 18 1 Li et al.
" 2009
ts 15 m ( )
Lienhard and
Cw 4.17x10° Jm®’C* Lienhard
. (2003)
= Zhu et al.
= Psw 0.1 (1998)
A 2.26x10° Jkg® Davison and
Mw 18 Kg/k mol  Piedrahita
R 8314 Jkg™ (2015)

2.3. Experimental procedures

2.3.1. Model Validation

Weather data were obtained from the weather
station at the Faculty of Agriculture Moshtohor,
Benha University, Egypt (latitude 30° 21" N and
31° 13' E). It was used for the model validation
concerning solar radiation. The data of the four
seasons; autumn 2016, winter 2017, spring 2017,
and summer 2017; was used. The fifteenth days of
the first month in each season were selected for
solar radiation validation as a table 2 shows. It
was used also for the model application and
experimentation. The data used for the model
validation and application in this paper are based
on data from Benha University, Faculty of
Agriculture, RAS Project (Khater, 2012).

Table 2. Days used in validation
Year Season Month Day Cloudiness
2016 Autumn  October 15 0.3
2017 Winter January 15 0.5
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2017 Spring April 15 0.6
2017 Summer July 15 0.8

2.4. Programming language:

Python 3.8.6. was used to construct the model.
Matplolib (V. 3.0.3), Numpy (V. 1.16.2), Tkinter (V.
8.6), and Math (V. 1.2) packages had been
installed and used. Anaconda application also has
been used to make python use easier.MS Excel
2007 was also used to compare the data of the
model and the Weather data. It was also used for
comparing expected and actual data and for
checking the model working well.

RESULTS

3.1. The RAS design and operation assistant
GUI

The energy balance input screen consists of
buttons for inputs. The inputs include weather data
such as air temperature and air humidity. The
clearness factor is included. The site latitude and
longitude are also included. The water tank depth
and diameter. Other buttons for an hour, day, and
month input. An optional button for covers number
or no greenhouse system. Another button for
water set temperature. Calculate button is in the
middle of the screen bottom. Other input data is
included. It is shown in fig. 2.

¢ Minag s
gy tutsce
fthic Ty | i | DeeAETew T K
A by | » Ous Oer Toep | 20
8y O I 1 2 Bilossele 0 il
Tlstmie’ [ 0iea T Locirade 33,2667
Touk Dtamter | S Ittt | 1 2m
sl Weeee | 5iium lalm sooes Teny | iv
Wisleay |  EC Fae Nowiwleed o
Nenie | 2Simm | MosteaTemp | 5T
Covar [T N & Pipekgh T
Fipedegts [0 n | Pheombtvty | fWmvt
Wbt aippe | cun  Ondesssofppe | 0 cu
Pipe et munlercoett | 15 W, C ey I 1 8
Doy e | 4 & Mok { m 4
Caleule

Fig. 2. Energy balance inputs screen
3.2. Weather data

Fig. 3 illustrates the weather data on an hourly
basis. It includes the Solar radiation W m?, air
temperature °C, relative humidity, and wind speed
m s™. Diurnal variations are shown during day
hours.
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Fig. 3. outside weather: Solar radiation, air
temperature, relative humidity, and wind speed

3.3. Model experimentations

3.3.1. Solar radiation

3.3.1.1. Solar radiation on the outdoor water
tank

It was also from 244 wm? at 7 am to 69 w m?at 5
pm and reached 749 w m at noon on 15/4/2017
(spring). It ranged from 180 w mZat6amto5w
m?at 7 pm and reached 1032 am to 69 w m2at 5
pm and reached 749 w m at noon on 15/4/2017
(spring). It ranged from 180 w m?Zat6amto5w
m™at 7 pm and reached 1032 w m™ at noon on
15/7/2017 (summer). These results are shown
clearly in fig. 4.

Fig. 4. Predicted hourly average solar radiation
during four days in different seasons.

3.3.1.2. Solar radiation on the outdoor and
inside the greenhouse water tank

It is apparent in fig. 5 that the solar radiation
incident on water surface in outdoor recirculating
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aquaculture tank is the highest when compared to
the one-cover and two-cover greenhouse systems
during the sunlight hours (at all seasons). It is also
visible that the solar radiation incident on water
surface in recirculating aquaculture tank under
greenhouse with one-cover is more than the solar
radiation incident on water surface in recirculating
aquaculture tank under greenhouse with two-cover
systems during the sunlight hours (at all seasons).

Fig. 5. Predicted hourly average solar radiation
incident on one squared meter of water in outdoor
and inside greenhouse systems.

3.3.2. Sky radiation

Fig. 6 clearly illustrates that the sky radiation from
the water surface in the outdoor recirculating
aquaculture tank is the highest when compared to
the one-cover and two-cover greenhouse systems
during day hours (at all seasons). Additionally, sky
radiation from the water surface in recirculating
aquaculture tank under a greenhouse with one
cover is more than the solar radiation incident on
the water surface in recirculating aquaculture tank
under a greenhouse with two-cover systems
during day hours (at all seasons).

Fig. 6. Predicted hourly sky radiation from one
squared meter of water in outdoor and inside
greenhouse system.
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3.4. Model validation

3.4.1 Solar radiation

A comparison between the actual solar radiation
available on the selected four days of October,
January, April, and July months with predicted
solar radiation is shown in fig. 7. The actual solar
radiation during the selected day of autumn
started from 19 w m™ at 7 am then reached 348 w
m™ at noon, and declined to 26 w m?at 5 pm. On
the other hand, the predicted solar radiation
started from 80 w m™ at 7 am then reached 315 w
m? at noon, and declined to 38 w m?at 5 pm. The
actual solar radiation during the selected day of
winter started from 14 w m at 8 am then reached
460 w m™ at noon and declined to 43 w m™? at 5
pm. On the other hand, the predicted solar
radiation started from 129 w m? at 8 am then
reached 426 w m at noon, and declined to 33 w
m? at 5 pm. The actual solar radiation during the
selected day of spring started from 41 w m?Zat7
am then reached 792 w m™ at noon, and declined
to 51 w m? at 6 pm. On the other hand, the
predicted solar radiation started from 244 w m? at
7 am then reached 749 w m? at noon, and
declined to 69 w m? at 5 pm. The actual solar
radiation during the selected day of summer
started from 10 w m™ at 6 am then reached 683 w
m™ at noon, and declined to 12 w m?at 7 pm. On
the other hand, the predicted solar radiation
started from 180 w m™ at 6 am then reached 1032
w m at noon, and declined to 5w m?at 7 pm.

Fig. 7. Hourly actual and predicted solar radiation
during autumn, winter, spring, and summer.
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The relationships between actual and predicted
solar radiation available on the water surface in
the outdoor recirculating aquaculture tank for
different seasons are shown in fig. 8. It is clear
from the equations below (25, 26, 27, and 28) that
the maximum coefficient of determination R* was
in spring (0.9431) then for summer (0.9305) and
below them autumn (0.9159) while the lowest was
in winter (0.8636).

Sp =1.0053S,+16.122 (25)
Sp =1.0247S,+24.090 (26)
Sp =0.9696S,+40.149 27)
Sp =1.5498S,+73.988 (28)
00 %0
LL
0w S0
10 w PO L
300 s 5° o c
= 0 # » °
p0) o 0
1% ° 0 .
m g 4 w °

0 o s

0o 0o

L]

- BEHEEEEBHEEE

0 20 40 60 800 1000 0 200 400 60 800

Fig. 8. the relationship between actual and
predicted solar radiation available on the water
surface in the outdoor recirculating aquaculture
tank for different seasons.

3.4.2. Water Temperature

Fig. 9 illustrates the comparison between the
predicted and actual water temperature. The
predicted temperature of the water in the tank by
the model ranged from 21.96 °C to 33.26 °C with
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an average of 27.92 °C + 1.34 °C. On the other
hand, the actual temperature of the water in the
tank ranged from 22.20°C to 30.90°C with an
average of 28.41°C + 1.16 °C.

w— Artua| === Prodicted

Fig. 9. The predicted and actual water
temperature in the tank.

3.4.2. Heat Energy Vectors

Fig. 10 illustrate the relative importance of the
most effective energy vectors. The thermal
radiation between the water surface and the sky is
the most contributor. The solar radiation absorbed
by water came as the second contributor. The
latent heat loss from the evaporation of the water
surface is the lowest contributor. Solar and
longwave sky radiation were the two most
important influxes of energy for the water tank.
The average importance of longwave sky radiation
and solar radiation was 27.22% and 20.46%.

L

e Importance

l:] o TS

Relativ

Fig. 10. The relative importance of most effective

energy vectors.

DISCUSSION

Solar and longwave sky radiation were the two
most important influxes of energy for the water
tank. The average importance of longwave sky
radiation and solar radiation was 27.22% and
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20.46%. This result agrees with the Ali (2006)
model result where the average importance of
longwave sky radiation and solar radiation were
33% and 21%.

A reasonable difference between the actual and
predicted solar radiation especially in winter may
be referred to as the cloudiness ratios, which were
assumed. The results of the model are similar to
the result of the model developed by Ali (2012).
The solar radiation on a typical summer day in
Ali’s model was 2402.98 W while it was 2792.62
W in our model. On the other hand, it was 3931.91
W in Ali’'s model while it was 8926.31 W in our
model.

The model result is similar to the result obtained
by Khater (2012). The model water temperature
ranged from 21.96 °C to 33.26 °C. On the other
hand, Khater’s model temperatures ranged from
24.20 'C to 29.86 'C at the same inputs.

The solar radiation absorbed by the water and the
thermal radiation between the water surface and
the sky is a dominant energy vector such as
Khater (2012).

The model of Li et al. (2009) concluded that solar
radiation is a dominant energy vector while
thermal radiation is not the same as us because of
the greenhouse cover application in the model.
The difference between the averages of the actual
and predicted water temperature is 0.48 ‘C. While
the difference between maximums of the actual
and predicted water temperature is 2.36 C. the
difference between minimums of the actual and
predicted water temperature is 0.24 ‘C. The
reported best scenario by Davison and
Piedrahita (2015) resulted in a temperature
increase of approximately 3 C.

The results proved that the model is reliable and
valid for the prediction of solar radiation, water
temperature, and heat energy required to be
added or removed from the water tank concerning
Nile tilapia raising in RAS. The model needs to be
investigated by doing another validation test with
other RASs with different operation variables. It is
possible to conduct other experiments inside
building greenhouses with one and two covers to
validate the model by a wide range of RASs.
Conclusion

A mathematical model was conducted to expect
the solar radiation, water temperature, and heat
energy required to be added or removed from



Ragab et al., (2022)

RAS’S water tank for Nile tilapia raising, given
information about the weather and RAS
characteristics. The model estimated the positive
and negative energy aspects, which needed to be
balanced to control the water tank temperature.
The model was developed on a python program
with some packages. The product of the work is a
stand-alone graphical user interface (GUI) and
was named as RAS design and operation
assistant. The produced GUI will be available
online for any farmer, engineer, researcher, and
designer for use and development. At different air
temperatures, latitude, longitude, and any weather
conditions, the model was able to expect solar
radiation, water temperature, and heat energy
required to be added or removed. The model
predictions and the actual values agreed.
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