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A new sustainable and novel hybrid solar chimney power plant
design for power generation and seawater desalination

Detailed equations of the mathematical model for the HSCPP. Refer to section 2.2 and
Figure 2 in the manuscript. The energy balance equations for the different zones of the
HSCPP are shown below:

2.2.1. Zone 1: Solar Air Heating

The energy balance equations are as follows:
Airflow:

Cp,airMair dT gy (1)

qc,gls—air + qcabs—air = o dr

where w; = w,, from air mass balance equation
Absorber:

Qr,abs—gls + qc,abs—air + Qkabs = aabsTglsl (2)
Collector:
qc,gls—out + QC,gls—air + qr,gls—spc = aglsl + qr,abs—gls (3)

The convictive heat transfer rate between the collector and the air flowing inside it is
as follows:

QC,gls—air = hc,gls—air (Tgls - Tair) (4)

The convective heat transfer coefficient between the air under the collector and the
glass is given according to the following equations:
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When Tg; > Ty, then the value of he gi5_qir is based on the higher value produced
from Egs. (5) and Egs. (6). However, if Ty;s > Ty, Eqs. (26) is used.

The convictive heat transfer rate between the base and the air under the collector is
as follows:

Where, T, is the average temperature of Tgs and Tair [Tm = (

hc,gls—air -

Acabs—air = hc,abs—air (Tabs - Tair) (7)

The convective heat transfer coefficient between the air under the collector and the
base is given according to the two following equations:
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Where Tm is the mean temperature of Tabs and Tair.
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When Tg; > Typs, then the value of hggzps_qir is based on the higher value produced
from Egs. (8) and Egs. (9). However, if Tg,s > Ty, Egs. (6) is used.

The radiative heat transfer rate between the absorber and the solar collector is given
as follows:

qr,abs—gls = hr,abs—gls (Tabs - Tgls) (10)

The radiative heat transfer coefficient is given follows:

_ g (Tglsz + Tabsz)(Tgls + Tabs)
hr,abs—gls - 1 1 (11)
—+
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Where o = 5.67 x 1078 %
The convective heat transfer rate the between the collector and the outside environ-
ment is as follows:

QC,gls—spc = hc,gls—spc (Tgls - Tspc) (12)
The convective heat transfer coefficient (A gi5_spc) is given by:
hegis—spe = 2.8+ 3.0, (13)

Where, v, is the wind speed above the horizontal glass of the collector.
The sky temperature is given by:

Tspe = Tou — 6 (14)

The radiation heat transfer rate between the collector and the and the outside envi-
ronment is as follows:

Qr,gls—spc = hr,gls—spc (Tgls - Tspc) (15)

The heat transfer coefficient (A, g;5_spc) is given as follows:

T, ls4 - Ts c4>
Ry gis—spe = O€gis | —2—i— (16)

T,gls—spc gls ( Tgls _ Tspc
2.2.2. Zone 2: Water Evaporation
Cpwer Mt

Gewtr + QT,wtr—air + qc,wtr—air + % = qc,abs—wtr + awtrTglsl (17)

The energy balance equations for Airflow, Absorber, and Collector respectively are:

Cp airMair ATy

p,airtair air
e, gls—air + Qewtr—air = — 2 dr (18)
qcabs—wer T Qrabs = aglsthrTglsI (19)
qr,gls—spc + qc,gls—out = QC,gls—air + Qr,wtr—gls + aglsl (20)

The convictive heat transfer rate between the absorber plate and the seawater is as
follows:

qc,abs-wtr = hc,abs—wtr (Tabs - thr) (21)

Where, heat transfer coefficient between the water and the base is given as:
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w
hc,abs—wtr = 135? (22)

The evaporative heat transfer rate between the seawater and the air under the collec-
tor is as follows:

Gew = Mepap hfg (23)
The heat transfer coefficient (1,45) is as follows:

Mepay = hmAclp (24)
Where, Ap can be found from:

Psat,Tair in — Psat,Tair out

Ap =
In (psat,thr — Psat,Tair out) (25)
Psat,Twtr — Psat,Tair in
hmpPairAc
= _ T omg 26
Psat,Tair out = Psat,twer T (PsatTair in — PsatTwer)€ atr (26)

To calculate the humidity ratio at the entrance of the chimney, the following can be

used:
Psat,Tao
wy = =2 27
P b @)
h,, canbe found using Sherwood number as follows:

hmd
Shy = 2" (28)
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Given that S, = DL.
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dy,
f =(0.79 InRe — 1.64)~2 (32)
The radiation heat transfer rate between the water surface and the collector glass is
as follows:

qr,wtr—gls = hr,wtr—gls (thr - Tgls) (33)

The heat transfer coefficient (h;. ¢ gis) can be found from:
hr,wtr—gls = Eeff0 [thrz + Tglsz](thr + Tgls) (34)

Where, €57 is as follows:
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The convective heat transfer rate between the water and the air under the collector is
as follows:

Aewtr—air = Newer—air Twer — Tair) (36)

The heat transfer coefficient (. y¢r—qir) is as follows:

1
0.2106 + 0.0026 V;, (%)3
hc,wtr—ai‘r‘ = e 1 - (37)

(o=l
(thr - Tair)gpairZCsz

Where, T, = (—TW"”“”)
7 'm 2 °
Humidification mass balance equation are as follows:
qu

hyg

= m, = mg(ws —w,) (38)

The density of the air entering the chimney is given as:

pda(l + W3)

Penteh = 1 4 1,609 wy) (39)
2.2.2. Zone 3: Solar Chimney
The mass balance equation for the air in and out of the chimney is as follows:
pch,enthhAin = pouthh,outAout (40)

For the IC zone, the energy balance equations when the SDCPP is operating in SCPP
mode are as follows:

2
vch,ent

Poe + Qour = Mgy [( + 9Zcnent t ich,ent)

2 (1)
ch,out .
- ( Y + 9Zcnour T+ lch,out)]
Where:
Qout = ﬁlair[(ich,ent - ich,out) — (wq — w3)iwtr] (42)
The flow rate of condensed water was estimated by:
Mytr = Mair (W4 — W3) (43)
To calculate the enthalpy [42] of the air entering the IC (ip ent):
icnent = Tair + 02(2501.3 + 1.86T,;,) (44)
To calculate the velocity of the air as it enters the IC, the following equation was
used[47]:
T, -T,
Ven = J 2gHen 55— (45)
out

The output power produced by the turbine at the bottom of the IC was calculated as
follows[48]:

1
Py = Epen,cthActh?;L (46)

where, C; is the turbine efficiency, set at 0.42.

2.2.3. Cooling Tower



Sustainability 2021, 13, 12100

50of 5

To calculate the enthalpy of the vapor the following was used:
ivap = lgir + Wyap lwer (47)
lgir = Cp,air Tout (48)

The water enthalpy can be calculated as follows:

lwer = Cpwer Twer 49)

The inlet enthalpy and exit enthalpy of the cooled air remains the same, because of
this natural evaporation process. However, the temperature of the vapor decreases, due
to the latent heat of vaporization. The change in the temperature can be calculated as fol-
lows:

Cpair Tout T (04i2501.3 + T,,,;1.86)

50
= Cpair Trap + (@pap2501.3 + T, 1.86) (50)

The velocity of the air and power generated from the CT can be calculated from equa-
tions 45 and 46 respectively.
To calculate the system efficiency for electricity production, the following was used:

Pelc

n= 51)

1
T (D¢ — D& 1



