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This paper investigates the effects of ambient windd
temperature lapse rates and nocturnal temperaturé
inversions on the performance of a large-scale sola¥
chimney power plant. The effect of prevailing!

ambient winds at a reference site on plant'r?]ax

performance is evaluated, while different ambient
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wind profile models are also considered. Duringeth o  Reference
daytime, the atmosphere surrounding the plant isg Support
modelled using a dry adiabatic lapse rate (DALR)sD  Support drag
and the International Standard Atmosphere (ISA),sl Sea level

while night-time temperature inversion effects aret
also accounted for. Results indicate that windyd

Tangential
Turbo-generator

conditions impair plant performance considerably, rb,i Turbine inlet

while nocturnal temperature inversions cause"

significant reductions in night-time output.

Nomenclature

b Exponent

c Specific heat capacity [J/kgK]

C Coefficient

d Diameter [m]

e Emissivity

g Gravitational acceleration [9.8 rf¥/s

H Height [m]

k Thermal conductivity [W/mK]

K Loss coefficient

n Refractive index or number or exponent
p Pressure [N/f)

P Pitch [m]

r Radius [m]

R Gas constant

t Thickness [m] or time after sunset [hours]
T Temperature [K or °C]

z Height above ground or sea level [m]
Greek symbols

a Absorptivity

A Differential

€ Roughness [m]

n Efficiency [%]

p) Density [kg/m]

Subscripts

a Ambient air

bw  Bracing wheel

c Chimney

co Chimney outlet
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1. Introduction

A solar chimney power plant consists of a transttice
circular canopy or roof raised a certain heightvabthe
ground, with a chimney or circular tower at its ten
(figure 1). The chimney houses one or more turbieits
base, (each) connected to an electric generatoolar S
radiation penetrates the collector roof and hdssground
surface beneath, which in turn heats the adjadent Ehe
warm air under the roof flows towards and up inbe t
chimney. The air flowing through the chimney devine
turbo-generator(s), which subsequently generatedrality.
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Figure 1: Schematic illustration of a solar chimney
power plant

2. Literature Review

Haaf et al’ discuss the basic principles behind the
operation, construction and power generation ofokars
chimney power plant, while Haafpresents preliminary test
results from a prototype plant built in Manzanai®gain in
1982. Schlaichendorses the use of solar chimney power
plants for future electricity generation and also
communicates details of the construction, materials
operation, tests and experimental data of the slaar
chimney plant in Manzanares. Pasumarthi and Sherif
published an approximate mathematical model foplars
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The Influence of Environment on Solar Chimney Power Plant Performance

chimney, followed by a subsequent article (Pasumarid models incorporating the following well-known poweaw
Sherif °) which validates the model against experimentgirofile
results from the pilot plant. Kréger and Bfigsd Gannon Un
and Von Backstréfmperform early comprehensive analyses Vy _| Z 1)
on the performance of solar chimney power plantsilew Vet | Z
Gannon and Von Backstrdmalso conduct a study
concerning solar chimney turbine performance.  AWherey, is the wind velocity at a specific heightabove
analytical and numerical model is developed by Betes ground levelyy .t is the wind velocity at a reference height
et al’®, presenting a comparison between simulated resuf§ove ground levet,s andn is the power-law exponent.
and experimental measurements from the pilot pint These two models employ respective exponents=ob and
Manzanares. Pastoket al’® conduct a basic temperaturen =7 for the power-law wind profile. ~Another model
and flow field analysis using a numerical CFD pagkand assumes a linear wind profile, approximating thebiamt
compare their results to another simple numericadeh A Wind speed at the chimney outlet as twice the vatutd m
relatively detailed numerical model is developed bgbove ground level. Simulations are repeated fiomoey
Pretoriuset al, simulating the performance of a large-heights ofH; = 500 m, 1000 m and 1500 m.
scale reference solar chimney power plant. A pakibn The authors realize that no standard wind profiiste
by Serag-Eldiff conducts a simple study into the effect ofnd that the fluid dynamic analysis of the eartsosindary
atmospheric winds on the flow patterns under tHeecior layer is an extremely complex exercise. Previdusple
roof of a small-scale solar chimney power plant. Attempts at modelling the atmospheric boundaryrlagee
mathematical model is developed by Bilgen and Rin€au yielded the power-law profile of equation 1. Itnist the
for evaluating the performance of solar chimney gow aim of this analysis to model wind profiles accahat but
plants at high latitudes. A refined numerical mot instead to present trends of solar chimney powantpl
5imu|ating |arge solar Chimney p|ants is presenm performance in the presence of ambient winds. hétukd
Pretorius and Krogé‘}: while Pretorius and Kr(’jg]er’r also also be noted that the effects of cold inflow aeglected in
conduct a sensitivity analysis on the operating taetinical the analysis of this section.
specifications of a solar chimney power plant. Figures 2, 3 and 4 depict the three mentioned wind
The current paper employs the exact numerical modefofile approximations for chimney heights éf = 500 m,
and specified reference plant (see appendix ofpher) as 1000 m and 1500 m respectively. ~ For purposes of

ref

presented by Pretorius and Kroer illustration, a typical wind speed of, = 2 m/s is chosen at
10 m above ground level. It is clear that all ghrefiles
3. Wind Effects employ equal wind velocities at 10 m above grouswel,

while differing wind velocities are predicted aetbhimney

Ambient winds affect the operation of a solar chéyn .
P hey outlet height.

power plant in a number of ways. Convection loSses
the collector roof to the environment are increaaeaross- S [ —— : : :
winds blow over the roof. The air-flow through tplant is s = e pe—— I Y A
also altered by winds blowing across the chimnejeduln ~ g®7 B

addition, ambient cross-winds which blow in undée t

collector roof also affect the air-flow through thlant.

The numerical model of the present study only aersi
the effect of prevailing winds on top of the cottacroof
surface and at the top of the chimney, while ndgjlgcany
flow pattern distortions under the collector rosf a result
of ambient winds.
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The chosen location of the reference solar chimney g ! i ¥ -
power plant is near Sishen, South Africa (see aig®n Figure 2: The linear and power-law wind profiles for a
The prevailing ambient wind speeds at this locatae 500 m high chimney (v,, = 2 m/s at 10 m
presented by Pretorius and Krétfeand are those wind above ground level)

speeds measured at 10 m above ground level.

1000

— Linear profile
9004 ===fq (1),n=5

3.1 Wind profiles i e | | S/ I I 4
This subsection evaluates the effect of three wiffewind 7004 /// 5 S——
600 4 ; i ; PRY S«

profiles on the performance of a solar chimney pogbent. % sood--ooocoeiceeeeooes
It should be noted that the numerical model assuhsshe

wind speed over the entire top collector roof stefs equal
to the particular wind speed at 10 m above groevellat

that specific time. The publication by Pretoriuada : ]
Kroger* discusses how ambient cross-winds at the chimney e I N Tty
outlet are modelled by the numerical simulation eiod G :

1,51 RPN WA
i i

Height above ground level [m]

Wind velocity [m/s]

3.1.1 Simulation and results Figure 3: The linear and power-law wind profiles for a
Comparative simulations are performed for the efee 1000 m high chimney (v,, = 2 m/s at 10m
solar chimney power plant (see appendix), with tfidhe above ground level)
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The Influence of Environment on Solar Chimney Power Plant Performance

An in-depth evaluation of the simulation data résehe
following. All of the above-mentioned plant models
________ experience periods in the winter months where thbiant
winds generate a suction effect of air throughdhienney,
R AR which is ultimately responsible for a slightly enbad
power production. This is caused due to a presdsee
NU— L U—— (4pco) at the chimney outlet, as discussed by Pretandg
| | Kroger (specifically, equations 48, 51 and 52). Durihg t
----------------- winter months (mostly during night-time) the drigin
potential of the plant is relatively low and thusone
e g e sensitive to suction due to wind. During the summe
months the driving potential is much greater, cagidihe
suction effect to have a negligible influence oramnpl
performance.

Therefore, the plants modelling the highest wind
velocity at the chimney outlet also predicts theagest
annual power output as a result of predicting theaigst
suction effect.
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Figure 4: The linear and power-law wind profiles for a
1500 m high chimney (v, =2 m/s at 10 m
above ground level)

Table 1 illustrates the insignificant differenceannual .
output between the models employing the various-2 Influence of wind on plant performance

approximated wind profiles. 3.2.1 Simylation and resul_ts _
Comparative computer simulations were run for the

Chimney height Wind profile Annual power reference solar chimney power plant. Figure 5 camrp_the
(m] output [GWh] power output curves .of the refc_erence plfant modedidiv
500 Linear 1592 includes windy ambient cqndmons) with thgt of the

equation 1 1645 refer(_eljce plant_ model which assumes quiet gmblent
n=5 ' conditions (no wind). .It shoul_d be noFed that mener|cal
equation 1 157 model employs f[he linear wind profile mentioned the
h=7 ' previous subsection.
1000 Linear 336 i =210 i ] |
equation 1 343.6 S “Howmil el [ lr_;?_(:m\_T _____________ o
= 5 I} — o wind (Dec) I 1
equation 1, 335.6 < 100
n=7 "En_:' 20 4
n.g 50
1500 Linear 521.1 10
equation 1, 528.5
n= 5 20 4
equation 1, 521.5 0% — v
n= 7 4] ) 10 15 20

Solar time

Table 1: Annual solar chimney power plant
performance for various wind profile
approximations

Figure 5: Effect of ambient wind on plant power output

From figure 5 it is clear that the prevailing winds
significantly decrease the plant power output. sTHs
primarily due to the convective heat losses frone th
collector roof to the environment. Notwithstandinigher
suction effects at the chimney outlet which woullige
greater power production, the windy conditions lesuan
increased convective heat transfer coefficientilifatng a
greater heat flux from the collector roof to theviemnment
and ultimately lower power output. This convectiosat
transfer coefficient is evaluated according to ¢igna 11
and 12 of Pretorius and Krogér
When regarding figure 5 more closely, one findst tha
ring the mornings and evenings of June (wintag,plant
generates a slightly higher power output during dyin
conditions than during no-wind conditions. Two ttas
contribute to this phenomenon. Firstly, the ambien
temperatures at these times are marginally highen the

In addition, when comparing table 1 and figure8 and
4 it is evident that in each case the plant mdus émploys
the wind profile which predicts the greatest wirgdocity at
the height of the chimney outlet also predicts tighest
annual power output. For example, consider figureThe
power-law wind profile witm = 5 predicts the greatest wind
velocity at a chimney height of 500 m. Now consitible
1, where for a chimney height ¢f. = 500 m the plant
model employing the power-law profile with= 5 gives the
highest annual power output (compared to the attmels
with H. = 500 m). The plant model employing the winddu
profile which predicts the second highest wind e#jo at
the chimney outlet height also predicts the secoigtiest
annual power output, etc. Similar findings arespreed for
H.=1000 m andH.= 1500 m.
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The Influence of Environment on Solar Chimney Power Plant Performance

corresponding collector roof temperatures. Theeefthe mean sea level pressure of 101325 f\/eprresponding
windy conditions actually cause a minor convectheat temperature of 290.65 K and a temperature gradiént
flux from the environment to the collector roofsuéting in  0.0065 K/m. Figure 6 illustrates this modifieddar ISA
a slightly increased plant power output. Secondly, temperature line.
mentioned in the previous subsection, a slightisaaffect The following modified versions of the equations by
due to ambient winds is experienced at the top hef t Kroger® present the temperature and pressure variatidn wit
chimney during these times, which boosts the pawutiput height above sea level (according to the ISA).
somewhat.

We can also further analyze the influence of antbienrz-rSI _dr z,=290.65- 0.006%, 2)
winds by regarding its effect on the annual powapot of dz
the solar chimney power plant. Table 2 gives anuah

! . 5.255 5.255
power output comparison of the two models which eNerp: ps{l— QO%{;H - 10132%1 0.00é A ﬂ

simulated. o 200.65
Plant configuration Annual power output (3)
[GWh] whereTg andpg refer to the temperature and pressure at sea
Windy ambient conditions 336 level respectively, whilgy is the height above sea level. It
Quiet ambient conditions 373.2 should be noted that the reference site (SishemthSo

Table 2: Annual power output comparison, illustrating  Africa) is located at 1187 m above sea level.
the effect of ambient winds on solar chimney
power plant performance

From table 2 it is clear that if the quiet ambien
conditions are assumed at the proposed site, theiahn
power output of the plant increases by approximate
11.1 %.

Ground level

4. Ambient Temperature Lapse Rate

EffeCtS Sea level \II\‘i ISA
The reference plant of this paper assumes a dibatic = '
lapse rate (DALR) for the air inside the chimneydghe — . — .
atmosphere surrounding the solar chimney powertplafrigure 6: lllustration of the modified ISA (equation 2)
These are believed to be good approximations of the and DALR (equation 4) and their imple-
experienced temperature gradients in these regions. mentation into the numerical model

The following section evaluates the performanceaof
solar chimney power plant when combining a slightl){w
modified version of the International Standard Asploere
(ISA) with the assumed DALR as atmospheric modekhée
plant. Note that, unless stated otherwise, akrefces in g
this paper to the “ISA” refer to the mentioned niizdi __ar __
version of the ISA. =T ik £ 0.009752 “)

Figure 6 depicts the linear DALR temperature line a
o different positions, which represents the DAIdR two
different times of the day and year. Kréf§also presents
the following equations for the DALR.

3.5

4.1 Assumptions by the numerical model - _ z

In the analysis of this section, the numerical niodakes P=Pa {1 0'0097{ H ®)

two assumptions: ) )

O The DALR and ISA should predict a similar atmosger whereT, andp, are the respect|ve emblent temperature and
temperature and pressure at the intersection pbitite  Pressure near ground level, whiteis the altitude above
two lapse rates. ground level. . . .

O The higher ambient temperature predicted at anghtei 't Should be mentioned that experimental daytime

(by either the DALR or ISA) is always employed he t temperature measurements by Krégeeveal that, due to a
atmospheric temperature at that height. non-linear temperature distribution within a few tere

(10 m to 20 m) above ground level, actual ambieint a
temperatures may effectively be between 1 °C an@€ 2
lower than those measured near ground level (1 th g
and thus predicted by the specified DALR of equatib

a

4.2 Implementation into the numerical model

According to Krogel®, the standard ISA for temperate
latitudes is a time-independent temperature lagteehaving S ! )
a mean sea level pressure of 101325%kmrresponding This is |Ilustra_ted clearly by figure 7. The flgushows_the
temperature of 288.15 K and a temperature gradint DALR according to equation 4, whef, is the ambient

0.0065 K/m. In light of the fact that the refereriocation tempererlltur_e value near dgroqu_ Iev_eI. | Th_emisctual
(Sishen, South Africa) is situated in a slightly rmar atmospheric temperature distribution Is also | a

climate, the modified version of the standard IS& jShowing the non-linear region near ground levellpfeed

i e,
approximated to be a time-independent lapse ratiga (@t @ height in the order of 10 m above groundl)eby a

temperature gradient equal to the specified DALR.
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These actual lower atmospheric temperatures wousd predicted by the ISA. In addition to determinithe
mean a greater driving potential and subsequerdtegre ambient pressure at ground level, the temperaturé a
power output for the solar chimney power plant.r e pressure at the height of the chimney outlet misi e
specified reference plant in the appendix, a lommbient determined in order to calculate the Froude nundoed
air temperature of 1 °C over the chimney heightlltesn an  driving potential of the plant. Once again the oset
annual power output increase in the order of 10 ¥his assumption is used by employing the higher temperat
suggests that the current numerical model predits predicted by either the DALR or ISA at the chimraytlet
conservative yield. height. Consequently, if the intersection heighthigher

Since the temperature gradients of the DALR and ISthan the chimney height (position 3 in figure 6het
differ, the profiles will intersect at a specificeight, atmospheric temperature and pressure at the chioundst
depending on the time of day and day of the y&uwonsider height is determined by equation 4 and equation 5
the first assumption of this section. The mainliogtion of respectively (by substituting the chimney heigthtfor 2).
this assumption is that the ambient pressure eradl®at However, if the calculated intersection heightasér than
ground level will vary with time, which is in coast with the chimney height (position 2 in figure 6), the baemt
the constant ambient pressure assumpigrr (90000 N/ temperature and pressure at the chimney outlethhésy
in the reference plant specification of the appendiThe given by equation 2 and equation 3 (by substituting
intersection height above ground level of the teyosk rates H, + 1187 forz).
is determined by equating equation 2 and equati(sinte
the atmospheric temperature is assumed equal at %h& Simulation and results
intersection point) and simplifying Comparative simulations were conducted for theresfee

(T —282.9343 solar chimney power plant with one model employig
Zpy =1 (6) combination of the DALR and ISA (according to the
0.00325 strategy mentioned above) while the other modes wsdy
wherezy = z + 1187 in equation 2. The atmospheric preghe DALR to model the atmosphere surrounding tHarso
sure at the intersection height may then be deteranby chimney power plant. Both models employ the DALR
5.055 inside the chimney of the plant.
o :10132{ L 0.00652m +1187H % Figure 8 indicates a slightly reduced peak powdpuat
290.65 during the summer months when introducing the DALR
ISA combination atmospheric model. This trend i do
the somewhat reduced (and varying) ambient pressure

employed by the DALR/ISA combination model in

Cons!der the second assumpt?on of this sectionj§ Trl:omparison to the assumption of a constant groend! |
assumption produces a conservative solution. Thwexeif ambient pressure op, = 90000 N/fi employed by the
the calculated intersection point is above grownell (e.g. DALR model é

positions 2 and 3 in figure 6) then the ambientsguee at

according to the ISA.

ground level is given by i . .
= = =DALR (Jun) ! ! !
b = A @) ] TR, s — o
[ 1-0.0097% 7., /T,) | o [ LT o N N
as predicted by the DALR. However, if the intetsst g 50 ------------------------------------ --------
point is below ground level (e.g. position 1 inuig 6) the & | . W W T A
ambient pressure at ground level is L4 | |
5.255 L e mmnnsmmannan h e e TR
P =101325{ t o.ooe%ﬂﬂ (9) ™ — el S—— S O— S~
290.65
T Do 5 10 15 20
\\ Solar time
\-\. o Figure 8: The effect of two atmospheric lapse rate
\T—* models on daily power output
| \ DALR
“'-\ / Another noticeable trend is a decreased power butpu
;\\ during most of the morning of the winter months whe
Actual atmospheric _— \ employing the DALR/ISA combination model. This
P e \ occurrence is caused by the fact that the DALRV IS
combination model always employs the higher ambient
\ temperature predicted by either the DALR or ISAaat
s bon height. During these winter morning periods, tf&®Al
Ground level o predicts higher ambient temperatures at the chinmhet
height than the DALR and is therefore used by the

_ > _ numerical model. The higher temperatures predictest
Figure 7: The specified DALR and actual atmospheric  the height of the chimney causes a lower drivinteptial
temperature distribution which ultimately results in a lower power output.
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Annually, table 3 shows a marginally reduced powes.2 Implementation into the numerical model
output of 0.9 % when incorporating the DALR / ISAKloppers’ presents the following approximate temperature
combination model in comparison with the DALRinversion profile during night-time
atmospheric model.

b
_ z
Plant configuration Annual power T Tres [z] (10)
output [GWh]
Dry adiabatic lapse rate (DALR) 336 where T, refers to a reference air temperature (in Kelvin)
DALR / ISA combination 333.1 measured at a reference height which is approximately
Table 3: Effect of employing a DALR only versus 1 m above ground level. Thus with; = 1 m, Tes may be
DALR / ISA combination on annual power referred to ag,. The exponerth is given by
output b=0.0035sir{ 0.017#@, - 2.32392 0.0C (11)

whereny is the number of the day of the year. Equation 11
is applicable to a fully developed inversion ataticular
location and was developed by fitting it to meadure

) e oo nocturnal temperature data. It should be noted btha
daily temperature variations as a result of realaaaheatmg actually changes as the temperature inversion dpsel
and cooling of the earth’s surface. The previadisn has 1age changes are neglected in this analysis.

mentioned the linear temperature gradients (DALRI an 55n6rd” aiso suggests that the nocturnal temperature
ISA) which exist in the atmosphere (figure 6). ©nd gisyibution above the inversion gradient may be
certain conditions, it is possible that temperaiokersions approximated by

may occur in the atmosphere above ground leved, r@sult
of rapid surface cooling. T =T, max—0.00975z- 0.43 (12)
Normally, in the time just after sunset, the earth’
surface cools down rapidly through radiation. Thiay
cause the ground surface to have a lower temper#tan
the lowest parts of the atmosphere above groundl,lev
which in turn produces a heat flux from these paftshe
atmosphere to the ground. This process initiates t
formation of a stable layer of air above the grosodace.
With sunrise, the ground surface is reheated aadthLR

5. Nocturnal Temperature Inversion

Effects
The air near the surface of the earth experienigesfisant

where T, max IS the maximum daily ambient temperature at
approximately 1 m above ground levels the height above
ground level and is the time after sunset, in hours.

Figure 9 illustrates the modified linear ISA prefil
(equation 2) as well as the inversion (equation anj
nocturnal DALR (equation 12) profiles at two dikert
positions representing two different times aftansat. Note
that the inversion height grows throughout the tigh

is reinstated in the atmosphere. ~Certain geogeaphi pithough such a condition is not experienced adogrdo
regions may also experience stronger temperatvegsions e meteorological conditions at the reference, site

than others. Strong inversions have been obsénvedid  yashed line in figure 9 indicates that certain geplical
and desert areas where solar chimney power pla@t1@st 5055 may experience much lower night-time ambient

likely to be located. temperatures and thus inversion profiles reachingchm
The following section evaluates the performanceaofélreater altitudes.

solar chimney power plant by combining the DALR an
ISA as atmospheric models, while also consideriny
inversion effects during the night-time operatiofi the
plant. During the daytime, the numerical mode
approximates the atmosphere surrounding the shlamey
power plant according to the analysis of the pnevio
section. During the night-time however, this asayis
modified.

Nocturnal DALR

Inversion

Ground level \
5.1 Assumptions by the numerical model
In the analysis of this section, the numerical nhadakes | .., ..« T
three assumptions: "

U The nocturnal DALR (equation 12) and ISA shoul
predict a similar atmospheric temperature and press
at the intersection point of the two lapse rates.

O The temperature inversion profile (equation 10) and

nocturnal DALR should predict an equal atmospheric According to Kroge¥, when assuming the atmospheric

temperature _and pressure at th?'r Intersectiortpoin air to be a perfect gas, the pressure gradiengiaty field
U The inversion profile predicts the atmospherlcmay be expressed as

temperature and pressure until it intersects thetunoal

c1:igure 9: Implementation of modified ISA (equation 2),
temperature inversion profile (equation 10)
and nocturnal DALR (equation 12)

DALR. Thereafter, the nocturnal DALR predicts thedp_—gdz (13)
ambient conditions until intersecting the modifikiA. p RT
After this point, the ISA predicts the atmospheric

wherep andT refer to the respective atmospheric pressure

conditions. . i
and temperature at any altitudebove ground level, while
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g is the gravitational acceleration aRdis the specific gas assumption of this section, the ambient pressupreticted
constant. By substituting equation 10 into equmfi@ and by the inversion profile can be calculated as foo

integrating, we find
( ) 97>
nt,
gz Pa=(Pn2)/ &0 | ooy (19)
=p.[exp -| ——> 14 RT,(1-b
p pa p[ [RTa(l— b)]] ( ) a( )
This pressure is employed as the ambient pressure f

for the pressure during night-ime at any heightbove e pAIR / ISA / Inversion atmospheric model. The
ground level according to the specified temperaturgmperature and pressure at the height of the ehirontlet
inversion profile, wherg, and T, refer to the ground level ., .« aiso be determined in order to calculate thaude

ambient pressure and temperature.  Similarly, WNh€Qmper and driving potential of the plant. Oncaingve
substituting equation 12 into equation 13 and irfeng, we  consider the third assumption of this section. 2ouently,

find if the intersection height from equation 16 is lgthan the
a5 chimney height (e.g. position 2 in figure 9), thmaspheric

_ 0.00975 ' temperature and pressure at the ch_imney outlethhedg
P=pa |l (15) determined by equation 12 and equation 15 respdgtipy
(Ta,max_0'43t) substituting the chimney height, for 2. However, if the

calculated intersection height is lower than thémciey

for the pressure at any heiglt above ground level height (e.g. position 3 in figure 9), the ambiesthperature
according to the nocturnal DALR of Kloppéts and pressure at the chimney outlet height is gibgn

Since the temperature gradients of the nocturnal®A equation 2 and equation 3 (by substitutihgr 1187 forz).
inversion profile and ISA differ, the profiles wilitersect at
specific heights, depending on the time of day dag of 5.3 Simulation and results
the year. Consider the first two assumptions of $lection. Comparative computer simulations were conductedHer
The main implication of these assumptions is thHa t reference solar chimney power plant. One modell@ysma
ambient pressure employed at ground level will vaith  combination of the DALR and ISA during the daytiamd a
time, which is in contrast with the constant ambjmessure combination of the nocturnal DALR, ISA and inversio
assumption f, = 90000 N/mi in the reference plant profile during the night-time. The other model sisaly the
specification of the appendix). The intersectioeight DALR to model the atmosphere surrounding the solar
above ground level of the nocturnal DALR and ISA igshimney power plant. Both models employ the DALR
determined by equating equation 2 and equationsitit€ inside the chimney of the plant.
the atmospheric temperature is assumed equal at theFigure 10 illustrates a considerably lower nightgi

intersection point) and simplifying power output throughout the year for the DALR / I$A
Inversion model compared to the DALR model. This
(Ta max — 282.9345- 0.43) phenomenon can be ascribed to the nocturnal tetopera
Ziy ==— (16) inversions. In effect, such temperature inversioear the

0.00325 ground surface cause higher atmospheric air ternpesa

where z, = z + 1187 in equation 2. The atmospheriéjver the height of the chimney than predicted yBRALR

pressure at the intersection heighgi,) may then be m%del. Thl's Ie;\ds (;0 a reduced driving potentiadl @
determined according to equation 7. When consigetie  SUosequently reduced power output.
first assumption of this section, the ambient pressat

ground level as predicted by the nocturnal DALR is - - -DALR (Jun)
= =DALR (Dec)
[ —DALR /1S A J Inversion (Jun)
—ALR [ ISA [ inversion (Dec)

_ Pint
), = an 1004 SETEI T
P [1—(0.009752int )/ (T e 0.4:3)]3'5

Power [MW]

The intersection height above ground level of th
inversion profile and the nocturnal DALR (e.g. gimsi 1 in Lok R G R e
figure 9) is determined by equating equation 10 an ]
equation 12 (since the atmospheric temperaturesaraed

equal at the intersection point) and simplifying e 4 : i ;) .

Solar time

T, 2= Tamax—0.00975z- 0.43 (18)  Figure 10: The effect of two atmospheric lapse rate
models on daily power output

1
|
|
1
|

+
i
1
1

4
1
1
'
!

where the intersection pointy,) is determined by solving

equation 18 iteratively. At this intersection Heigthe Analogous to the results of the previous sectiayyré
ambient pressurgi,, is determined according to equationlO also indicates a marginally reduced peak powuput
15, wherezy, is substituted inte and p, is taken from during the summer months when introducing the DALR
equation 17. When considering the second and thil§A / Inversion combination atmospheric model. sTFs
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due to the somewhat reduced (and varying) ambieft Haaf W Solar chimneys, part II: Preliminary test result

pressure employed by the DALR / ISA / Inversion ielod
Also similar to the results of the previous sectisma

decreased power output during most of the morninthe 3.

winter months when employing the DALR / ISA / IngiEm
combination model.

ture predicted by either the DALR or ISA during ske
times. During winter mornings, the ISA predictgler
temperatures at the chimney outlet height thanDA&R
and is therefore employed by the numerical mod€&he
higher temperatures over the height of the chimraises a
lower driving potential which ultimately results alower
power output.

Table 4 indicates a significantly reduced powepatibf

7.7 % when incorporating the DALR / ISA / Inversion6.
the DALR

combination model
atmospheric model.

in comparison with

Plant configuration Annual power
output [GWh]
Dry adiabatic lapse rate (DALR) 336
DALR /ISA / Inversion combination 310.1

Table 4: Effect of employing a DALR only versus
DALR /ISA / Inversion combination on
annual power output

It should be noted that inversion effects at tHerence
location are relatively weak, yet the effect théren the

This is caused by the fact that 4.
DALR/ISA/Inversion model employs the higher tempera

. Pasumarthi

from the Manzanares pilot plaripternational Journal

of Solar Energy1984, 2, 141-161.

Schlaich J The Solar Chimney: Electricity from the
Sun, Deutsche Verlags-Anstalt, Stuttgart, 1994.
Pasumarthi N and Sherif SAExperimental and
theoretical performance of a demonstration solar
chimney model — part I Mathematical model
development|nternational Journal of Energy Research
1998, 22(3), 277-288.

N and Sherif $AExperimental and
theoretical performance of a demonstration solar
chimney model — part Il: Experimental and theasti
results and economic analysiaternational Journal of
Energy Researgh 998, 22(5), 443-461.

Kroger DG and Buys JDPerformance evaluation of a
solar chimney power plantSES 2001 Solar World
CongressAdelaide, Australia, 2001.

. Gannon AJ and Von Backstrom T\WWontrolling and

maximizing solar chimney power output,1®
International Conference on Heat Transfer, Fluid
Mechanics and Thermodynamics HEFAT 20RRuger
Park, South Africa, 2002.

. Gannon AJ and Von Backstrom T\W8olar chimney

turbine performance, Journal of Solar

Engineering 2003, 125, 101-106.

Energy

. Bernardes MA dos S, YA and Weinrebe GThermal

and technical analyses of solar chimne§slar Energy
2003, 75(6), 511-524.

power production of the solar chimney power plast i10.Pastohr H, Kornadt O and Giirlebeck Klumerical and

already measurable.
occur this effect will be correspondingly more ppanced.

6. Conclusion

The effects of wind, ambient temperature lapsesrated
nocturnal temperature inversions on plant perfoceamere
evaluated. Results show that the prevailing antbiénds
at the reference site does have a considerableemde, by

In areas where stronger iiovisrs

analytical calculations of the temperature and ffaid
in the upwind power plantinternational Journal of
Energy Researgt2004, 28, 495-510.

11.Pretorius JP, Kréger DG, Buys JD and Von Backstrom

TW, Solar tower power plant performance
characteristics, Proceedings of tf#ES EuroSun2004
International Sonnenforupi, Freiburg, Germany, 2004,
PSE GmbH, Freiburg, 870-879.

reducing annual plant output by approximately 10 96,2.Serag-Eldin MA Computing flow in a solar chimney
compared to the same plant experiencing no-wind Plant subject to atmospheric winds, ProceedingsiDf

conditions throughout the year. Moreover, simoladi

indicate that the existence of nocturnal tempeeatur

inversions will also have a significant negativdéeef on
plant performance.
profile and the existence of an International Stadd
Atmosphere (without nocturnal temperature inversjoim
the atmosphere surrounding the solar chimney pghaart
illustrate minor effects (less than 2.5 %) on ahmlant
yield.
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Appendix

Ground

A reference solar chimney power plant and typigedrating Type
environment is defined by Pretorius and Krd§emd its Emissivity (treated surface)
main parameters are repeated here for conveniese®e (Absorptivity (treated surface)

figure 1). The reference site is near Sishen, ISdé\dtica,
located at latitude 26.67° South and longitude @3East.

Collector roof (Glass)
Emissivity of glass
Roughness of glass
Extinction coefficient of glass
Refractive index of glass
Thickness of glass

Roof shape exponent
Perimeter (inlet) height
Outer diameter

Inner diameter

Inlet loss coefficient
Support diameter
Support drag coefficient
Support tangential pitch
Support radial pitch

R & D Journal, of the South African InstitutionM&chanical Engineering 2009, 25

e =0.87
g=0m
Ce=4mt
n.=1.526
t, =0.004 m
b=1
H2:5m

d, = 5000 m
d; =400 m
Kizl
ds=0.2m
CSD:]-
Pt=10m
P,=10m

Density

Specific heat capacity
Thermal conductivity
Roughness

Chimney (Concrete)

Height

Inside diameter

Bracing wheel (one) drag coefficient
Number of bracing wheels

Inside wall roughness

Turbine
Turbo-generator efficiency
Inlet loss coefficient

Ambient conditions
Atmospheric pressure

http://www.saimeche.or g.za (open access)

Sandstone

g =0.9
ag=0.9

pg = 2160 kg/m
Cy = 710 J/kgK
ky = 1.83 W/mK
gg=0.05m

H, = 1000 m
d.=210m
wa =0.01
Now = 10

&= 0.002 m

Mg = 80 %
Kturb,i = 014

P = 90000 N/



