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ABSTRACT 

Thermosyphon solar tower can be used to increase the  vehcit.y of 
air and consequently the specific power in locations with 

a no reasonable value of s d a r  radiation intensity when there ip 
enough area beside the tower to construct a solar collector. In 
this case the  tower itself works as a collector. In this work the  
possibility of generating power by  using a very high tower, 
haviing reciafiyula~ CLUSS section, open to the  atmosphere a t  the  
top and bottolri and heated by the uur;, was studied theoretically. 
In this study, the  eEect uf tower height, IJJW~L leugth, tower 
dep~h ,  suldr radiatiori intensity a r d  inlec. ~ A L  I~~t lgera ture  orr tile 
performance ui l i e  tower wab LLL vtisi;;cpL;;LZ. 

It was found that, the temperaf:.ure inside the tower increases by 
the irlcreaue in sular. radiaLir)n ia.r.Lein&.y, id& uir ierr~perature and 
tower height and decreases by the rise in tower length a s  well 
as in tower depth. The i ib t  ate vdociLy tcl  tLa towex and 
consequently specific power was found to be x..aised by the 
growth in. tower height and scllar radiiitien intensity, and it is 
found to be decreased by the enlargement in tower length, tower 
depth and temperature of air a t  the  inlet of the  kower. The inlet 
air velocity and the specific power for tower height of 500 in 
were found LO La 5.2 &rid 141 t i m e s  d their values ~ O K  56 111 

towef- height respectively. For solar radiation intensity of 1000 
W/ni , the inlet air we1uc:ity anti the specific puueL a~t i  cyec t ed  
to Le 1.32 and 2.28 times of tiieir vdlues f u r  200 W/m solar 
radiation intensity respectively. 

Solar tower, Solar turbine, T hermasy phon, Solar energy, 
Renewable energy. 
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In the  present time comprehensive attention is paid towards the 
use of renewable energy sources because uf their advantages 
over the traditional energy sources [1,2,31. Special attention is 
given to the use of wind energy and solar energy. It is known 
that, the  power of wind turbine depends mainly on the  wind 
speed at wind turbine inlet. Therefore any increase in wind 
speed results in a gross imxlease in specific power of wind 
turbine or in other words a gross increase in power from the 
same wind turbine. 

Therefore -the recerzl; researches ati~~iripi. iu s.Ludy how ,Lo imrease 
the wind speed at the inlet of wind turbine b y  using diffkren'c 
ways C4151. Same of them investigated the use of solar energy to 
increase .the \ / c i~c i ty  of air flowing through tall tower coimecked 
wiLh large collector [6,71, or through m i y  La11 Lower ~ i ' i i ~ u u t  
collector [a]. They decided that, this art: of thermcruyphon solar- 
turbines needs f ~rtkder study. 

The a i m  of, this  work is to study theoreticaily the  parameters tha t  
affect the  performance of th.e ther'mosyphon solar- "cwr . In other 
words the effect of tower hely krk, Lower length, tower depth, sula~ 
radiation' intensity, and inlet & ,temperature on the  ger.£orrnance 
of solar tower a s  well as  on the  performance of wind turbine 
located at tower bottom was studied in this work. In this study, 
the  effect of the above mentioned pak-amekrs an temperature 
Wiexence inside ou&ide ihe i;irwg;., , ~ & ~ ~ $ ~ y  of air zit the 
inlet of the tower and specifdc power of wind Luirbine was 
investigated. 

MATHEMATICAL MODEL 

Figure 1 s h u ~ s  a sketch of the rectanyular C L U ~ S  section tower 
used in this scudy. In the theoretical model, the following 
parameters ace considered: tower height, length, and depth, solar 
radiation intensity and inlet temperature to the tower. The heat 
losses through the tower walls, the head losses through the  
tower due to friction and the variation in density and air 
velocity through the tower alre also considered in this model. 

For a fluid element of height dz flowing vertically through the 
solar towez a t  vdociky V, subject t o  pressure force P.X at i t s  
bottom surface and (P+dP)A at  its top surface, wei9h.t force 
p,,gAdz, and resistance force dF, an approximate ey uatiwn of 
motion for flow through the tawce. can be driven using Nc wton's 
2nd law as follows 



Where h is the  height of the tower, pat* is the average 
d;Lmospheric d e ~ i a i ~ ~  A. I L ~ ~ L  d i d  exit of the tower, pat is the  
aveidge air density ~ns ide  the: Luwei, g is the yravht ional  
constant, ui is the velocity ot air a t  inlet, v2 is the  velocity OL 
air a t  outlet, phca is the  bcal  air density, ht ,b is the head 
cvrresynnding to  / x~b ine  power and hlfric is the head losses 
through the  tower due to  friction. 

The atmospheric density a t  any height h is calcdaLed usin.g the 
£0110 wing relation [8,9] 

The avuage density inside the tower p,, is calculated by 
averaging the inleL c ~ l c i  ehii dei*sities (pl and p2j, assuming the  
pressure dl. ~ulr3t as atiwspheric: anid the exiting pressure is the 
same as the atmospheric pressure a t  the exit. The exit pressure 
can .tklt?~~ Ise dei.ernuined as [8,3j 

Where P is the  pressure at height h, Td and P, are the ambient 
temperature and pressure respectively. 

The exit t e m p e ~ a u ~  TI can be estik'iilatecl fsom the ioiiiiowiny 
relation 

Where Qsal is the net solar radiation being received by  the tower 
surface, Qloss is the heat lost by conducticm and convection 
through the walls, At is the surface area of the tower, & is the  
mass flow rate of air through the tower, TI is the  inlet 
temperature t.o i ; h  t o ~ ~ r ; ' ~  and C is the  cullstant valume specific 
heat of ai~, assumed tu be 0 .718~! i j /kg~k .  

The surface area of the tower can be calculated as LuVows 

Where dt and Lt  are tower depth and tower length r.espectively. 



Where Tins is the mean temperature inside the  tower, is the  
temperature outside the tower and Rth is the overall thermal 
resistance. 

1 Ax 1 
Rth=- +- +- 

aim k w  Q O U t  

Where aOut is the  heat transfer coefficient between the  tower wall 
and outade  air, assumed to be constant and is equal to 28.4 
w/m2'k [8,11], Ax is the w a l l  thickness taken a s  0.32 cm, k is the  
thermal conductivity of the  wall ,  equal to  1.18 w / m 0  k an8 9, is 
the heat transfer coef£icient between the  air inside the  tower and 
the w a l l .  ai, is determined f ~ o m  the followiilg relaticxi, [8]. 

Where; 

and k ., is the  thermal conductivity of air, assumed constant as 
0.026 #/mOk [lo], DH is the hydraulic diameter oi the  tower, Nu is 
the Nusselt number, R e  is the Reynolds number and P r  is the  
Prandtl number, assumed coilstant a t  0.7 [8]. 

Where Lt is the  tower length and dt is the tower depth. 

The density of air a t  exit p2 is determined from the ideal gas law 
as 

Where R, is the  gas constant for air. 

The mass flow rate of air inside the tower is obtained from the 
continuity equatiou as 



Where A and A2 are the cross sectioual area of the tower at  inlet 
and oudet respectively, assuming Ai and Z$ are equal, and v2 is 
the velocity of air at  the top of the tower. 

The frictional head losses through the tower hI fric were 
calculated from the relation 

Where vt is the average flow velocity through the tower and f is 
the friction factor. The frictionl factor in the above equation is 
determined from Prandtl and won Karman's equation as follows, 
C121 

Where y is the height of roughness, assumed to be 0.09 mm. 

The head corresponding to turbine power hturb is calculated 
according to the following relation 

Where c is the discharge coefficient through the turbine, 
assumed ?o be 0.6, and qts. is the total efficiency of converting 
kinetic energy of wind t o  eyctric energy, can be taken in practice 
as 0.405 [13]. 

The specific power of a wind turbine is estimated as 

3 
SPl"O.5 PI Vl qtot,,.z 

The above equations (1-16) were solved simultaneously by 
iteration to obtain the temperature difference between inlet and 
exit of the tower AT, the velocity of air at inlet, the velocity of 
air a t  exit and the specific power that obtained from the wind 
turbine. A corrtputer program was written for this purpose. The 
calculations were achieved mainly for a constant values of tower 



height 400 m, toyer length 150 m. tower depth 10 m, solar 
intensity 600 W/m and inlet temperature 293 "k, and during 
study the effect of the above parameters on the performance of 
the tower, the calculations were made for 50-500 m tower qeight. 
25-350 m tower length, 5-100 m tower depth, 200-1000 W/m solar 
intensity and 273-313 "k inlet temperature. While studying the 
egect  of any parameter on the others, the remaining parameters 
are kept constant a t  the above mentioned values. 

RESULTS AND DISCUSSION 

Effect of Tower Height 

Fig. 2 shows the effect of tower height on the temperature 
difference between outlet and inlet of the tower AT, The variation 
in air velocity a t  inlet of the tower v with tower height is also 
shown. The effect of tower height on the specific power of wind 
turbine loacated a t  tower bottom is shown on Fig. 3. It is seen 
that, the increase in tower height causes an increase in 
temperature difference and inlet air velocity, and consequently a 
large increase in specific power is obtained. The inlet air velocity 
for tower height 500 m is 5.2 times of its value for 50 m tower 
height a ~ d  the corresponding specific power w i l l  be 141 times 
greater than specific power for 50 m tower height. 

EX£& of Cross-Sedional Area of the Tower 

The effect of cross-sectional area of the tower can be studied by 
changing tower length and tower depth. The effect of tower 
length on solar tower performance is shown on Fig. 4. There is 
a decrease in both inlet air velocity and temperature difference 
with tower length increases. It is seen also that, the  variation 
rate of decrease for the inlet velocity and temperature difference 
becomes very s m a l l  for the large values of tower length. 

Fig. 5 represents the variation of temperature difference and 
inlet air velocity with tower depth. One can see that, the  increase 
in tower depth brings a decay in both inlet air velocity and 
temperature dfierence. The tower depth has the same influence 
of tower length on the performance of the tower. The main 
reasons for the decay in AT and vl with the increase in both 
tower length and depth are the increase in mass flow rate of air 
entering the tower a t  the constant value of solar radiation 
intensity and the increase in temperature gradient between 'the 
w a l l  and the center of the tower by the enlargement i i ~  tower 
length or tower depth. 

Fig. 6 shows the variation of temperature difference and inlet air 
velocity with solar radiation intensity. The variation of specific 
power of wind turbine with solar radiation intensity is shown on 
Fig. 7. There is an enlargement in AT, vl and specific power with 
the growth in solar intensity. The rise in inlet air velocity by 



increasing solar radiation intensity is due to  the  growth in the  
temperature dae r ence  of air inside and outside the  tower. and 
the  accompaining increase in density difference of outside and 
inside the  tower. For solar intensity of l O O P  W / m , the  inlet air 
velocity vl is 132 % of its value for 200 W/m solar intensity. The 
corresponding increase in specific power between 200 and 1000 
w /m2 solar radiation intensity is found to be 228 %. 

Effect of Inlet Temperature 

Although the growth in inlet temperature results in an 
enlargement in temperature difference, it reduces the  inlet air 
velocity a s  shown in Fig. 8. Therefore it is expected that, the  
solar tower w i l l  work good when the inlet temperature is low. 

Comparing the  efTect of the  different parameters together, one 
can see that, the  tower height and solar intensity having the  
major effect on improving the performance of the  tower.. The 
increase in one of them alone or in them together will results in 
a considerable increase in  inlei air velocity and of course a 
grosser increase in specific power. 

CONCLUSIONS 

In the present work, the  thermosyphon solar tower, that  can be 
used when there is no enough area near the  tower to  construct 
a solar collector and the  solar tower itself works as a collector, 
was studied theoretically. The calculations were done for a i~todel 
where tower height, tower length, tower depth, solar radiation 
intensity and inlet air temperature were cosidered. In this model, 
the  heat losses through the  tower walls, the  head losses through 
the tower due to friction and the variation in density and air 
velocity through the tower were &o considered. 

I t  was found that, the increase in both tower height and solar 
radiation intensity results in an improve'ment in the  performance 
of the  tower. This appears in a considerable increase in  both 
inlet air velocity to  the tower and specific power of the wind 
turbine. The inlet air velocity and the  specific power for tower 
height of 500 m were found to  be 5.2 and 141 t i m e s  of their 
values for 50 m tower height respectively. For solar radiation 
intensity of 1000 W/m , the  inlet air velocity and the  specific 
power are  expected to be 1.32 and 2.28 times of their values for 

2 200 W/m solar radiation intensity respectively. The increase in 
tower length, tower depth and inlet temperature of air brings a 
decay in  inlet air velocity and of course a decrease in specific 
power. 
I t  was found also that, the  temperature difference of air a t  the  
inlet and exit of the tower w i l l  be increased by the  growth in 
tower height, solar radiation intensity and inlet temperature. A 
reduction in the temperature difference w i l l  be occured b y  the  
extension in tower length and tower depth. 
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NOMENCLATURE 

A1 cross-sectional area of the  tower a t  inlet 
A;? cross-sectional area of the tower at exit 
At surface area, of. the tower 

C, constant volume specific heat of air. 
c discharge coefficient through the turbine 
D: hydraulic diameter of the  tower 
dt tower depth 
f friction factor 
h height of the tower 
hl fric head losses through the tower due to fzictioxs 
hturb head corresponding to turbine power 

kair ther  mill conductivity of air 
k, thermal conductivity of the  wall 
L1 tower length 
h mass flow rate of air through the tower 
Nu Nusselt number 
P pressure 
Pa ambient pressure 



P r  Prandtl number 
Qloss heat lost by conduction and convection through the  wall 
QSol net solar radiation being received by the tower surface 
R, gas cor~stant of air 
R e  Reynolds number 
spI specific power of wind turbine 
TI inlet temperature to  the  tower 
TI exit temperature 
Tins mean temperature inside the tower 
Tout temperature outside the tower 
v1 velocity of air a t  inlet 
v2 velocity of air a t  exit 
vC average flow velocity through the  tower 

3% heat transfer coefficient betwken air inside the  tower and the 

aout heat transfer coefficient betweer~ the lu w e r  w a l l  and outside 
a x  
q total efficiency of converting kinetic energy of w i n d  tu d w h i c  
energy 
8 density of air a t  exit 
patp average atmospheric dexlsity a t  inlet and exit of the  tower 
p,, average air density inside the  tower 
ploca1 local air density 



Fig. 1 Sketch of the rectangular cross section tower used in this 
study 

230 320 40 500 
tower height, m 

Fig. 2 Variation of temp. Werence between inlet and outlet of 
the tower and inlet air velocity with tower height 
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Fig. 3 The effect of tower he igh ton  the sp. power of wind 
turkrinie 

Fig. 4 Variation of ';crr~yei:a.i;u;lr.e diLference bet ween inlet 
outlet and i.n1et a i ~  velocity with tower length 

and 



Pig. 5 Variakan of temperature ditfereiice and inlet'. arr ve1.ocit.y 
with tower depth 

Fig. 6 Variation of temperature d~ference and rnlet  a x  velocity 
with solar ijntensity 
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