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ABSTRACT

The purpose of this work is to evaluate the performance enhancement of a solar chimney by cou-
pling it to Albian geothermal water, a natural source of hot water, to ensure energy production
in the absence of solar radiation. As the temperature of this groundwater can reach up to 70°C in
the southeastern Sahara (Algeria), the energy produced is not negligible and could be valorised.
The continental intercalary groundwater is mainly used for irrigation and requires a a prior cooling.
Given the absence of Albian drilling near the solar chimney prototype, we used a water heater to
produce water at a temperature close to that of natural Albian water. The explored prototype was
built in the city of Ouargla, located in the southeast of Algeria. It was observed that this hybrid
energy generation system operates day and night and ensures an uninterruptible power supply.
The proposed system also lowers the temperature of the hot water, thereby making it suitable for
irrigation.

Keywords: Solar Chimney; Albian Geothermal Water; Hybrid System; Sustainable Energy Systems;
Experimental; Electrical Power

1. Introduction One technique that converts solar energy to electrical power
is the solar chimney power plant (SCPP). A classic SCPP
has three main components: (1) collector (greenhouse), (2)
chimney and (3) turbine. This device can be used in sunny
areas, especially in arid and semi-arid regions such as
southeastern Algeria, where solar radiation rate is high [2].

The prototype of SCPP was proposed and developed by
Professor Schlaich and was built and tested in Manzanares,
Spain, in 1980 [3,4]. The plant was continuously operated for

Societies are increasingly implementing cleaner and
more environmental friendly methods of energy generation
to mitigate the damage caused by the use of fossil fuels [1].
Because most power worldwide is still generated using fos-
sil fuels, humanity must find new methods and techniques
using clean and renewable solar, wind and geothermal
energy to generate environmental friendly, low-cost power.
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seven years from 1982 to 1989, and the system proved reli-
able with low operation and maintenance costs [5]. Multiple
studies were conducted to analyse the airflow characteristics
in the SCPP system and assess the effects of different param-
eters on system performance. Furthermore, numerical and
analytical studies, together with experimental studies, were
conducted to enhance and improve SCPP power generation
and efficiency. Ming et al. [6] analysed the thermodynamics
of the SCPP system (SCPPS), the pressure profile of the air
and the performance of different SCPPS sizes. The results
showed that the solar radiation and pressure differential
of the turbine influenced the energy utilisation markedly,
which would increase with the increasing SCPPS size.

Hamdan [7] studied the feasibility of the solar chimney
specifically for the United Arab Emirates and Persian Gulf
climatic conditions. He implemented and solved a simpli-
fied Bernoulli equation combined with fluid statics and the
ideal gas equation to predict SCPP performance.

Bernardes et al. [8] developed a model for solar chim-
neys to estimate power output and examine the effect of
various ambient conditions and structural dimensions on
the power output. The results confirmed that the height of
the chimney, the amount of pressure drop at the turbine,
and the diameter and the optical properties of the collector
are important parameters for the solar chimney design.

Ming et al. [9] used simple analysis and mathematical
models on the airflow through a solar chimney power gen-
eration system. The results showed that the ideal cycle effi-
ciency and actual efficiency of the standard Brayton cycle
corresponding to a medium-scale SCPPS were 1.33% and
0.3%, respectively, while the same parameters for a large-
scale SCPPS were 3.33% and 0.9%, respectively. The results
provided theoretical guidance for the commercial applica-
tion of solar chimney power generation systems in China.

Choi et al. [10] used an analytical model for a solar
chimney to estimate the power output and temperature
configuration of the collector. The analytical model results
were validated by experimental data from a prototype plant
in Manzanares, Spain. They also studied the water storage
system beneath the collector, used to conserve heat energy
during the night. Depending on the depth of the water stor-
age system, the power variation throughout a 24-h period
was analysed.

Dai et al. [11] developed a theoretical model for an SCPP
to be installed in northwestern China. Three regions, with
relatively higher solar radiation than other parts of the
country, were selected as pilot locations to construct solar
power plants. The SCPP with a chimney height and diame-
ter of 200 and 10 m, respectively, and a solar collector with a
diameter of 500 m were capable of producing an average of
110-190 kW of electric power per month.

Several numerical studies have attempted to improve
and evaluate the performance of the SCPP. Chergui et al. [12]
studied the influence of geometric parameters on thermo-
hydrodynamic behaviour of the airflow in solar chimney
systems. The flow transport equations were modelled and
solved numerically using the finite volume method with
generalised coordinates to study the effects of the form of
some SCPP components such as the cover-tower junction and
the convergent-divergent tronconique tower. The authors
found that geometrical modifications of the chimney could

successfully eliminate airflow perturbations, which were
observed with the previous geometry.

Kasaeian et al. [13] performed an analytical and numer-
ical study for geometrical optimisation of a solar chimney
prototype in Iran. They used a fundamental mathemati-
cal model to evaluate and simulate solar chimney perfor-
mance. The results confirmed that the results of numerical
predictions were validated by the experimental results of
the pilot solar chimney 2-m height with a 3-m collector
radius. In addition, the results showed that the diameter
and the height of the chimney are the crucial parameters
determining the performance of the solar chimney, and the
ideal configuration of the pilot solar chimney included a
collector inlet of 6 cm and chimney height and diameter of
3 m and 10 cm, respectively. The authors also found that
the velocity could be raised to 4%-25% in different circum-
stances, and confirmed that the height and diameter of the
chimney are the most critical geometrical variables for solar
chimney design.

In the warm and semi-arid climate of Kota, India, Shiv et
al. [14] studied the thermal performance of a laboratory-scale
prototype SCPP. Mathematical and computational fluid
dynamic (CFD) models were used to calculate the specific
parameters, energetic and exergetic efficiencies, and the pre-
dicted results were validated through experimental studies.
The SCPP energetic and exergetic efficiencies were estimated
to be 3.5% and 8%, respectively, at 12:00 h. The location of
maximum velocity, estimated with the help of CFD simula-
tion, was 0.25-1 m inside the chimney, indicating the ideal
location of turbine installation.

Fei et al. [15] evaluated the SCPP performance using a
program based on TRNSYS. The parameters that influence
the SCPP performance, the configuration size design and
techno-economic aspects were analysed, and the results
found that the TRNSYS program can be used as a convenient
tool for SCPP investigation.

Ming et al. [16,17], Xu et al. [18] and Ming et al. [19,20]
conducted several studies to analyse the characteristics
of heat transfer and airflow in the SCPPS and developed a
numerical investigation of SCPP. The investigation included
determining the effects of various parameters on the relative
static pressure, driving force, power output and efficiency
using the solar chimney prototype in Manzanares, Spain,
as a practical example.

To investigate experimentally and numerically the air-
flow, heat transfer and flow characteristics in an SCPP,
Shahreza and Imani [21] installed a novel small-scale solar
chimney. They used the RNG k-£ model to simulate the tur-
bulence and the well-known SIMPLE algorithm to solve the
coupled velocity and pressure equations. The results showed
that the maximum velocity reached is 5.12 m/s.

In another study by Das and Chandramohan [22], a 3D
computational model was used to investigate the influence
of the chimney divergence angle on the flow and perfor-
mance characteristics of a solar updraft tower (SUT) plant.
The effect of ambient temperature on the performance of
SUT was also studied. The results showed that the velocity
of air at the chimney base was enhanced by 59.4% relative
to a CC-SUT plant. From the parametric study, it was
observed that a 2° chimney angle provided superior system
performance.
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Zuo et al. [23] experimentally investigated a SCPP com-
bined with a seawater desalination system in Hohai, China.
The results confirmed that the integrated system could
produce energy and fresh water simultaneously.

To study the feasibility of installation of an SCPP in
northern Tunisia, Jemli et al. [24] tested a small scale of a
solar tower power plant (STPP) with chimney height and
collector diameter of 2 and 8 m, respectively, in Borj Cédria.
The results indicated that when the temperatures reached
45°C, the electric power was, on average, approximately
0.3 W/m? for this prototype.

Ming et al. [25] carried out experimental research on a
mini-scale SC prototype of a solar chimney, where the air
temperature distribution of the system in time and space,
and velocity variations within the chimney over time were
all measured. The results demonstrated that the toggle
speed of the SC system is very rapid. Furthermore, the effect
of the season on the heat transfer and flow characteristics
of the system and the temperature distributions inside the
collector show excellent agreement with the analysis.

In Iran, Ghalamchi et al. [26] designed and constructed
a solar chimney pilot power plant with a 3 m collector
diameter and 2 m chimney height. The results revealed that
the temperature difference between the chimney inlet and
ambient air reached 26.3°C. The output data for different
collector inlet heights were measured, and reducing the
inlet size was found to have a positive effect on the SCPP
performance. In addition, a maximum air velocity of 1.3 m/s
was recorded inside the chimney.

Zuo et al. [27] evaluated the output characteristics
under different conditions using a physical and mathemat-
ical model for a wind supercharging SCPP combined with
seawater desalination and waste heat (WSCPPDW) and an
SCPP combined with seawater desalination and waste heat
(SCPPDW). The results showed that the increase in chimney
height and flue gas temperature was both beneficial to the
overall performance of both power plants, the performance
of WSCPPDW was always better than that of SCPPDW,
and the overall energy utilisation efficiency of WSCPPDW
was increased by 15.4% throughout the utilisation of high-
altitude wind. Practically, the hourly freshwater yield, power
generation and overall efficiency of WSCPPDW reached
193.7 kW, 17.2 ton/h and 13.5%, respectively.

Several researchers have investigated improving the
power output of SCPP. For example, Pretorius [28] stud-
ied the use of an intermediate secondary roof to enhance
heat storage in the ground under the collector. The heat
storage medium was used as an energy supply to enhance
power production during the lack of solar irradiance or
overnight. Aja et al. [29,30] studied a hybrid SCPP process
using the residual heat of combustion gases. Aurybia et
al. [31] proposed a new technique of integrating the SCPP
with an external heat source by installing thermal enhanc-
ing channels inside the collector between the canopy and
the ground to enhance the kinetic energy of the air inside
the collector. The results found that the temperature of
the air inside the collector could be increased by the addi-
tion of thermal enhancing channels within the collector of
the solar chimney. The air temperature inside the collector
increased up to 5.88% and for power generation, 23.1%. Cao
et al. [32] developed a theoretical analysis to investigate the

performance of a geothermal-solar chimney power plant
(GSCPP), through the introduction of low-temperature
geothermal water into the SCPP to overcome the problem
of discontinuous SCPP operation.

Zhou and Xu [33] conducted a numerical simulation of
a large-scale hybrid SCPP, using an additional waste heat
source connected to the collector-to-chimney transition
section. The results showed that the incorporation of waste
heat with enough high heat flux into SCPP caused appar-
ent enhancement of the power output. The daily total elec-
tricity output increased by 119.99% with the increase in the
effect of effective waste heat flux (EWHF) from 0 to 2 GW,
indicating that sufficient high waste heat flux helps to flat-
ten the daily profile of the plant power output, especially
for weak solar radiation, while low waste heat flux has little
influence on the power output.

We present an experimental study on a conventional
solar chimney coupled to a source of hot water. All the
experiments were conducted at the University of Ouargla
where the solar irradiance is very high and the mean solar
irradiance period is approximately 3,500 h/y, delivering
2,650 kWh/m?/y of solar irradiance on a horizontal surface.
The region of Ouargla is also known for the availability of
a large geothermal water reserve [34,35].

Due to the unavailability of the Albian water source
at the University of Ouargla, where the SCPP prototype is
implemented, and to heat the water to temperatures close
to that of natural Albian water (approximately 70°C), we
used an electric water heater. The hot water circulates in a
serpentine tube installed inside the collector by means an
electrical pump. Therefore, the hot water will help to heat
the air inside the collector and promote the thermosiphon
phenomenon. We contend that this will improve system
performance and extend the operation of the hybrid solar
chimney system even overnight, in the absence of solar light.

2. Perspectives on geothermal sources (Albian water) in
the region of Ouargla

The Albian aquifer is the largest reserve of fresh water
in the world. It straddles three countries, Algeria, Libya
and Tunisia. Approximately 70% of the Albian aquifer
water is in southeastern Algeria (Fig. 1) [36]. It contains
more than 50,000 billion m® of fresh water, the equivalent of
50,000 times the Beni Haroun dam in eastern Algeria, which
supplies six bordering provinces. This water is the result of
the accumulation that occurred during successive wet peri-
ods millions of years ago in the region [37]. The Albian water
temperature is approximately 70°C, making it a potentially
significant source of energy.

3. Experimental setup and methods

An SCPP operates during the day where there is enough
solar radiation, and it is almost stopped overnight. The goal
of the present experimental study is to maintain the pro-
duction of energy continuously and therefore enhance the
performance of the solar chimney. We propose coupling a
conventional solar chimney to a geothermal source of Albian
water, which is available in Ouargla, to ensure continuous
operation. An experimental solar chimney prototype (Fig. 2)



A. Azizi et al. / Desalination and Water Treatment 210 (2021) 152-163 155

e — — KM e [J"Continental Intercalaire” (CI) limit
0 80100 200 300 400 S0 7T |£ITinComplex Terminal® (CT) limit

S T TR e
d = = Cross section
| [ unconfined area (CI/CT)

Mediterranean Sea !

Sead

Cenozoic
Complex Terminal

Lower Senonian
Turonian (evaporites) 1 ko

Cenomanian

Continental Intercalaire

Km

Zkml [ = = Se—
0 50100 200 300

BOERENRDO

Upper Jurassic

Fig. 1. Situation map of the North-Western Sahara Aquifer System (NWSAS), the inset shows a schematic cross-section and
represents the main Albian aquifers’ geometry, South Algeria [36].
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Fig. 2. Schematic layout of the proposed solar chimney power plant integrated with geothermal source (Albian water).
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was implemented in the University of Kasdi Merbah-Ouargla.
The small-scale prototype (Figs. 3 and 4) consisted of a
12 m diameter collector and a chimney with a 20 cm diam-
eter and 8 m height. The chimney was a pipe isolated by
glass wool and supported by steel beams.

The collector was constructed using steel beams in
addition to a steel wired network used to support a clear
plastic cover. The collector was designed with a tilt angle
of approximately 8° to allow water drainage in the event
of rain. The ground was covered with black plastic to
enhance the absorption of solar irradiance and to increase
the greenhouse effect. The main geometric parameters of
the SCPP are summarised in Table 1.
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3.1. Collector structure

The collector is an essential element for producing
hot air by the greenhouse effect. Adequate thermal insu-
lation must be provided at the ground to improve the
performance of this device. To prepare the collector loca-
tion, we excavated the ground to a 0.3-m depth to deposit
the six layers of the insulation system (Figs. 5 and 6).

3.2. Measurement instrumentation

For the temperature measurements inside the collector
at predefined positions, we used a K-type thermocouple
with a maximum continuous temperature of approximately

Chimney
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d @&Gﬂne;uplﬂl with turbine @

d

45 cm
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1200 cm

Fig. 3. Prototype solar chimney power plant schematic layout.

Fig. 4. Solar chimney prototype installed at the University of Kasdi Merbah Ouargla.
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Table 1 1,100°C and #2.2°C accuracy. The ambient temperature
Main geometric parameters of the solar chimney prototype was recorded by a Mac Solar digital thermometer fixed
outside the chimney during the experiment. The solar irra-

Parameters Value diance was measured by a Mac Solar global irradiance mea-
Collector area, m? 113.04 suring device with a measuring range from 0 to 1,250 W/

m?2 The air velocity was measured using a portable hot

Chfmney height, m . 8 wire probe with velocity ranging from 0.6 to 40 m/s with
Height from collector inlet to ground level, m 0.4 +0.2 m/s accuracy.

Chimney diameter, m 0.2

Height from collector outlet to ground level, m 0.85

Collector mean tilt angle, degree =8°

1- Gravel layer of 0.05 m

Fig. 5. Different steps for preparing the collector ground.

1- Preparation for installations of ' 2- Installations of collector 3- Installations of chimney supportin
collector surround support surround support the center of collector

e e g s
4-Installations of chimney and 5- Installations of Black plastic inside the 6- Installations of clear plastic
the collector beams collector ground cover of collector

Fig. 6. Different steps for the construction of the collector roof.
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3.3. Heat exchange system integrated with the solar chimney

Due to the unavailability of the Albian water at the
University of Ouargla, where the prototype was imple-
mented and to heat the water to temperatures close to that
of natural Albian water, which is approximately 70°C, we
used an electrical heater. The hot water circulated in a coax-
ial coil installed inside the collector utilising an electrical
pump. Therefore, the hot water contributed to the heating
of the air inside the collector and promoted the thermosi-
phon phenomenon, improving the system performance
and extending operation of the hybrid chimney overnight
(Figs. 7 and 8).

4. Evaluation of solar chimney power output

Based on the work of Aurybi et al. [29], we calculated the
parameters affecting the overall efficiency, power output,

Fig. 8. Copper coil installed inside the solar chimney collector.

and air velocity at the chimney inlet. This latter parameter
is calculated using Eq. (1).

T -T

VCh,In — 2 gHCh air amb (1)
amb

In which V| : air velocity at the chimney inlet, g: gravi-

tational acceleration, m/s?; H: chimney height, m; T _:
ambient air temperature, K; T : temperature of the air

inside the collector were calculated using Eq. (2).

T Tair,out - Tair,in (2)
air 2
Inwhich T . =T, . ambient temperature (K).

The air velocity at the chimney inlet can also be written
as Eq. (3).
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T -T
VCh,In = Ca 28H, WTiamb (3)
amb

In which C, is the coefficient of discharge according to
previous experimental work. This factor depends on the
geometry and can be calculated using Eq. (4).

C Ve 4
=5 @

Ch,In

The air mass flow rate inside the chimney can be calcu-
lated using Eq. (5).

AV

1, =P Acon Chn )

air

Also, according to Aja et al. [30], the geothermal energy
Q,e, can be calculated using Eq. (6).

mePw (’Twi - Two)

Qgeo = Tl‘[U - i (6)

Coll

According to Bernardes et al. [38], the maximum power
from the air gained by the turbine is given by Eq. (7).

PTurb,Max

T

=C- Vo Ay Par 8§ Hey [Tﬁerambj 7)
amb
In which the constant C represents the ratio of the turbine
pressure drop to the total pressure potential, and this coef-
ficient has different values between 0 and 1 [38], and the
ideal value is 2/3.
The electrical power can also be evaluated by Eq. (8).

PTurb,max (8)

Pele = nTurbine : ngenerator '

In which the efficiency values 1 .../ M e fOT turbine

and generator are, respectively, 0.8 and 0.95.

5. Results and discussion

In this section, we present the main results obtained
during the experimental investigation. Our goal is to high-
light the effect of using Albian water on the aerothermal
behaviour of a solar chimney. We are interested in the
behaviour of a conventional chimney under the influence
of the meteorological conditions of southeastern Algeria,
and then we will analyse the effect of integrating a system
producing hot water to a solar chimney.

5.1. Effect of environmental parameters on the conventional solar
chimney

The considered environmental parameters are solar
radiation and ambient temperature. The performance of the
solar chimney is estimated through the air velocity mea-
sured at the inlet of the chimney. On 8th of February 2017,
as shown in Fig. 9, the air velocity varied proportionally
to the solar radiation. After sunrise, the solar irradiance
and air velocity were 539 W/m? and 1.24 m/s, respectively.
The maximum values occurred at approximately 14:00 h
and then decreased to minimum values after sunset.

For the same day, 8th of February 2017, Fig. 10 presents
the temporal evolution of the ambient temperature and the
measured air velocity. As observed in Fig. 9, the air veloc-
ity varied proportionally to the ambient temperature. It is
impossible to conclude whether the ambient temperature
improved the performance of the solar chimney because, in
this case, there are simultaneous effects of solar radiation
and ambient temperature.

5.2. Behaviour of the hybrid solar chimney

By using an additional source of energy, which is in
our case was hot water, and a suitable heat exchanger that
promotes heating of the air in the collector, we improved
the natural convection. We conducted overnight analyses
of hybrid solar chimney energy production also, and as
depicted in Fig. 11, after 19:00 h, the airflow produced by the
conventional solar chimney was practically zero. However,
after integrating the water heater, we recorded an aver-
age air velocity of 2.8 m/s overnight. Between 10:00 h and
16:00 h, the measured air velocities were relatively the same
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Fig. 9. Measured solar irradiance and air velocity vs. local time on 8th of February 2017, without water heater integration.
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Fig. 10. Measured ambient temperature and air velocity vs. local time on 8th of February 2017, without water heater integration.

with and without a water heater. It is therefore important to
highlight that the use of the water heater has a significant
effect only during the night.

The results shown in Fig. 12 show the temporal evolution
of different measured parameters such as water tempera-
tures at the inlet and the outlet of the coaxial coil, ambient
temperature and the air velocity at the inlet of the chimney
recorded during 27th and 28th of February 2017.

The difference between the water temperature at the
inlet and the outlet varied. Between 10:00 h and 16:00 h, this
difference was minimal and therefore the air was heated
in the collector mainly due to solar radiation. Convective
heat transfer between air and hot water became dominant
when the solar radiation decreased, reflected in Fig. 12 by
the increase in the water temperature gradient. Noting the
recorded values of air velocity, solar radiation, and water
temperature gradient, it is clear that, during the day, the
solar chimney was governed by the effect of solar radia-
tion, and during the night, the solar chimney continued to
produce energy due to the integrated hot water system.

Fig. 13 shows the temporal evolution of solar radia-
tion and ambient temperature on 8th and 27th of February

2017. During these 2 d, there was no significant difference
between the meteorological parameters. This allowed us to
compare the power output of the conventional solar chimney
recorded on 8th of February, and that produced on 27th of
February by a solar chimney coupled to a source of hot water.

5.3. Solar chimney power output estimation

The variation of the power produced by a solar chimney
with and without an integrated water heater is illustrated
in Fig. 14. Measurements were performed during 8th, 27th
and 28th of February 2017. The hybrid chimney produced
overnight energy equivalent to 226.5 Wh and the average
power recorded overnight was 18.9 W. The peak of produc-
tion was observed between 12:00 and 15:00 h with a maxi-
mum power produced by the conventional chimney of 66.3
and 79.8 W with the integration of a water heater. During the
day with the effect of solar radiation, the energy produced
by the SCPP with and without the water heater was 771.5
and 376.5 Wh, respectively. Notably, the improvement in
continuous energy production resulting from the use of the
hot water source can be estimated at approximately 165%.

—+—Air velocity at chimney inlet without water heater integration
—+—Air velocity at chimney inlet with water heater integration
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Fig. 11. Temporal variation of air velocity at the chimney inlet with and without water heater integration.
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90

80

70

60

50

40

Power output : (W)

30

20

10

0

Power output without water heater integration
——Power output with water heater integration

—— ———r

I I I I I I T S S R R N N g N R (R S N R Y

———

A O I A O T T R SR SRR SR N
FETT VT HFLE TN LTESTN PP SIS NP

Fig. 14. Variation of power output of the solar chimney power plant with and without water heater integration.

Local time (h)

Solair radiation: R (W/m?)



162

6. Conclusions

The solar chimney is a promising technique for produc-
ing electricity in a renewable way by using solar radiation.
The disadvantage of SCPP is the impossibility of ensuring
the production of electricity at night. To remedy this short-
coming, we proposed the use of an external heat source
to replace the solar energy during the night and in case of
a cloudy sky. The proposed heat source is natural under-
ground geothermal water (Albian water) which is present
in considerable quantities in southern Algeria and especially
in Ouargla province, where the small-scale prototype of the
SCPP is implemented. Due to challenges of cost and lack
of nearby drilling into the geothermal source, we used an
electric water heater as a replacement.

The results of this study reveal that the proposed config-
urations improved the performance and the efficiency and
allow for maintenance of continuous operation of the power
plant. The maximum air velocity measured without and with
water heater integration were, respectively, 4.9 and 5.1 m/s,
and the maximum values of power output were, respec-
tively, 66.3 and 79.8 W. During this study, we observed an
increase of 165% in the energy produced by SCPP due to the
use of a hot water source. It is also important to note that the
hot natural water after passing through the solar chimney
will cool and therefore become more suitable for irrigation.
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Symbols

A, — Chimney area, m?

Acar — Collector area or absorber surface area

C, — Coefficient of discharge

Hg, — Chimney height, m

1, — Mass flow rate of air in collector, kg/s

Queo — Geothermal energy, k]

T . — Ambient air temperature, K

TZU — Water temperature, K

1 — Mass flow rate of air in collector, kg/s

g — Gravitational acceleration, m/s?

it — Mass flow rate of water, kg/s

P max — Maximum mechanical power produced
by wind turbine, W m?

Ve — Maximum air velocity at chimney inlet,
m/s

N — Turbine efficiency

Nen — Generator efficiency

P, — Electrical power produced by the SCPP

T, — Hot air temperature, K

Pen — Air density in the chimney, kg/m®

Ve — Experimental air velocity at chimney
inlet

Venin — Calculated air velocity at the chimney
inlet
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