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Prel����ar� �ote
This paper deals with the numerical analysis procedure and results of flow 
s��ulat�o� t�roug� solar �����e�. Be�ause of relat�vel� lo� Re��olds 
�u�bers, so�e aerod��a��� ��prove�e�ts �ould be obta��ed. T�e paper 
links input heat energy with geometry or air flow parameters. Basic solar 
�����e� geo�etr� �s �arr�ed out a�d a�al�zed ��t� ��D appl��at�o� �� 
t�ree d��e�s�o�al do�a��. T�e �a�� assu�pt�o� �s to rea�� t�e opt��al 
fra�t�o�al pressure drop a�ross turb��es a�d �ax��al ele�tr�� e�erg� 
produ�t�o� b� solar �����e� geo�etr� adaptat�o�. Results are �u�er��all� 
tested b� k�o�� para�eters a�d ��prove�e�ts are appl�ed a�d tested. 
Var�ous s�apes of ��ter�al solar �����e� geo�etr� are appl�ed a�d t�e best 
for g�ve� ��put para�eters are extra�ted. Also, so�e exter�al geo�etr� 
s�ape solut�o�s are ��vest�gated. Test ���ludes �o�par�so� ��t� t�e k�o�� 
measured air flow results in similar solar chimney (Manzanares, Spain). 
Results prov�ded val�date t�e assu�pt�o�s a�d �ould be a base for furt�er 
exper��e�tal ��vest�gat�o�s.

Osnovna unapređenja solarne dimnjačne elektrane
Prethodno priopćenje

U radu se opisuju numerički postupci i rezultati simulacije strujanja 
kroz solarnu dimnjačnu elektranu. Zbog relativno malih Reynoldsovih 
brojeva moguće je izvesti određena aerodinamička unapređenja. Rad 
povezuje va�jsku dovede�u topl��u s para�etr��a u�utar�jeg struja�ja. 
Osnovna geometrija solarnog dimnjaka izvedena je i analizirana pomoću 
��D apl�ka��je u trod��e�z�jskoj do�e��. Os�ov�a pretpostavka rada je 
povećanje efikasnosti postizanjem optimalnog pada tlaka kroz turbinu i 
najveće produkcije električne energije promjenom geometrije. Rezultati su 
numerički testirani i uspoređeni s poznatim parametrima uz primjenjena 
unapređenja. Izdvojeno je i analizirano više geometrijskih oblika 
unutrašnjosti solarnog dimnjaka. Isto tako mijenjani su i neki vanjski 
obl���. Test�ra�je dob�ve�og obavlje�o je usporedbo� s poz�at�� �jere��� 
vrijednostima sličnog izvedenog postrojenja (Manzanares, Španjolska). 
Usporedbe ukazuju na ostvarenje predviđenog poboljšanja efikasnosti i 
�ogu b�t� baza za dalj�� eksper��e�tal�� rad.
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1. Introduction

T�ere �s a gro�t� tre�d �� t�e ��ple�e�tat�o� of 
re�e�able e�erg� sour�es �� t�e ��ole �orld toda�. 
There are also significant investments into research and 
develop�e�t of �e� �o��epts t�at are related to t�e 
produ�t�o� of ele�tr���t� a�d also t�er�al e�erg�. Ne� 
�o��epts t�at produ�e ele�tr���t� t�roug� t�e ut�l�zat�o� 
of �atural resour�es (solar a�d ���d e�erg�) are of spe��al 
��terest. O�e of t�ese, also a relat�vel� �e� �o��ept of 
ele�tr���t� produ�t�o� ����� tra�sfor�s ava�lable solar 
��solat�o� ��to useful turb��e �ork �s Solar �����e� 
po�er pla�t (S�). A group of Ger�a� s��e�t�sts, led b� 
professor S��la���, su��essfull� developed t�e protot�pe 
at the SC plant in Manzanares (Spain) [1] of 50 kW 

nominal power, and also tested it in real conditions [2-4]. 
With gained experience from the prototype plant, there 
are plans to build the first commercial SC plant in the 
world with nominal power of 200 MW, [5] in the desert 
area of Australia (Mildura).

U�t�l toda� a �o�s�derable �u�ber of papers t�at 
deal with the research in the field of SC plants have been 
written. A summary overview of the research in this field 
t�ll 2003 �as g�ve� �� t�e Ber�ardes in [6]. Analysis of 
t�e t�eoret��al a�d real ���le �� t�e S� pla�ts �s espe��all� 
��terest��g fro� t�e t�er�od��a���al aspe�t. T��s k��d 
of analysis can be found in papers [7, 8]. The analysis 
of flow conditions in SC power plants (especially the 
pressure drop fa�tor over t�e turb��es), depe�d��g 
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fro� t�e ��te�s�t� of t�e solar ��solat�o� a�d also fro� 
the other influential parameters is given in papers [9, 
10]. Possibility of the SC power plant implementation 
�� ot�er geograp���al reg�o�s (ex�ept t�e desert areas, 
��ere fro� t�e e�o�o��� aspe�t t�e ut�l�zat�o� of t�e 
SC plants is desirable) is given in papers [11-13]. There 
is also research which is related to the modification of 
t�e S� po�er pla�t �o��ept �� order to a���eve ��g�er 
overall efficiency (respectively higher electric power 
output) [14]. Investigations of blade number effect for a 
ducted wind turbine is given in [15].

The objective of this paper is to analyze the flow 
�o�d�t�o�s �� t�e S� po�er pla�ts depe�d��g o� t�e 
��ara�ter�st�� ��put para�eters (pla�t geo�etr�, �ater�al, 
solar ��solat�o� et�.) t�roug� t�e ��ple�e�tat�o� of t�e 
��D a�al�s�s. Der�ved �o��lus�o�s ��ll be useful for 
dete�t�o� of �eak po��ts �� S� pla�ts fro� t�e aspe�t of 
the fluid flow. 

2. The basic assumptions of flow through 
solar chimney

T��s paper g�ves t�e bas�� para�eters t�at des�r�be 
the flow through the solar chimney, as a first step of the 
analysis. There are two key parameters identified that 
affect efficiency, the pressure drop and air mass flow rate. 
Both are described in ref.[7]. 

Symbols/Oznake

d�� - �����e� d�a�eter, � 
 - pro�jer d���jaka

D�O - �olle�tor d�a�eter, � 
 - pro�jer kolektora

fb
B - buo�a��� for�e, N 

 - s�la uzgo�a

fg
B - grav�tat�o�al for�e, N 

 - sila teže

g - grav�tat�o�al �o�sta�t, �/s2  
 - grav�ta��jska ko�sta�ta

h�� - overall �����e� �e�g�t, � 
 - ukup�a v�s��a d���jaka

h�o - �olle�tor �e�g�t (average), � 
 - v�s��a kolektora (sred�ja)

p - absolute pressure, N/�2  
 - apsolut�� tlak

pk - k��et�� pressure, N/�2  
 - kinetički tlak

ps - ��drostat�� pressure, N/�2  
 - hidrostatički tlak

p0 - pressure �� x0, N/�2  
 - tlak u x0

Osd - volume flow rate through standard diffuser, m3/s 
 - volu��� protok kroz sta�dard�� d�fuzor
Osd - volume flow rate through reverse nozzle, m3/s 
 - volu��� protok kroz reverz�u sap���u
v - average a�r velo��t�, �/s 
 - sred�ja brz��a zraka
va - ax�al a�r velo��t�, �/s 
 - aks�jal�a brz��a zraka
vr - rad�al a�r velo��t�, �/s 
 - rad�jal�a brz��a zraka
∇ps - ��drostat�� pressure ��a�ge, N/�2 
 - pro�je�a ��drostatskog tlaka
ηT - theoretical efficiency for turbomachines  
   (Betz l���t) 
 - teoretska �skor�st�vost turbostrojeva  
   (Betzov l���t)
ρ - de�s�t�, kg/�3  
 - gustoća

Add�t�o�al pressure drop �s to be a���eved ��t�out 
a significant increase in height of a chimney by flow 
t�roug� a �ozzle. T�e �ozzle �s perfor�ed as d�ffuser a�d 
this improvement is described in [16]. Transformation 
of k��et�� e�erg� s�ould be obta��ed t�roug� s��ple 
turbo�a����e. I� t��s �ase, turbo�a����e – ax�al ���d 
turb��e - �s lo�ated �� t�e �����e� p�pe, �� t�e sa�e �a� 
as �ou�ted �� exper��e�tal pla�t. T�us solar �����e� 
po�er pla�ts ��t� a�d ��t�out t�e proposed ��prove�e�t 
can be compared. If this comparison certificates 
�e�t�o�ed assu�pt�o�s, �t �s poss�ble to propose furt�er 
investigations or experimental verification of such 
s�ste�.

T�e o�l� t�er�od��a��� para�eter �o�s�dered �s t�e 
buo�a��� of �ot a�r as t�e do���a�t p��s��al p�e�o�e�a 
�� t��s t�pe of po�er �o�verters. Ot�er para�eters are 
�ot d�re�tl� take� ��to a��ou�t (rad�at�o�, �o�ve�t�o�, 
�o�du�t�o�, et�.). T��s �s poss�ble be�ause of t�e 
assu�pt�o� t�at te�perature d�ffere��es t�roug� �����e� 
sections are relatively small. The next simplification of 
�o�sta�t a�r te�perature ��s�de t�e �����e� �s also a ver� 
roug� assu�pt�o�. Pressure d�ffere��e fro� t�e e�tra��e 
of t�e �olle�tor o� t�e grou�d to ex�t fro� t�e �����e� 
�as take� as t�e sta�dard at�osp�er�� pressure drop for 
t�e observed �e�g�t. Aerod��a���al pressure drop ��t��� 
a sufficiently wide chimney should be ignored, according 
to Nizetic, ref. [9].
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3. Assumptions for CFD analysis

As �e�t�o�ed before, te�perature d�ffere��es 
t�roug� �����e� se�t�o�s are relat�vel� s�all. E�erg� 
loss depends of fluid properties and flow. Therefore, 
�o�par�so� of so�e para�eters �� t�e e�erg� equat�o� 
�a� assess t�e ��porta��e of e�erg� loss.

 

(1)

��ere L* le�gt�, T* te�perature, D* de�s�t� a�d V* 
- velo��t�. Effe�t of losses �a� be �g�ored �f bot� 
express�o�s �ave a ver� s�all value. �or a�r Pr ≈ 0,7 i 
Ec ≈ Ma and if Mach is small (because Re �s s�all �� 
�����e�s) losses �a� be �g�ored. Pra�dtl �u�ber �a� 
be 104 a�d �g�or��g �t depe�ds of E�kert a�d Re��olds 
�u�bers. ���all�, ��e� loss �s �g�ored, t�e� E�kert 
number is low and temperature is not connected with flow 
field. In the solar chimney stationary flow is assumed. At 
stationery flow, pressure becomes hydrostatic, balanced 
��t� grav�tat�o�al for�e. 

, (2)

��ere p0 �s pressure �� x0. Ge�eral, ��drostat�� pressure 
ps �s al�a�s part of t�e absolute pressure p. Hydrostatic 
pressure is not associated with the velocity field and 
therefore hidden in the process of solving. In many flows, 
��drostat�� pressure �s �u�� ��g�er t�a� t�e k��et�� 
pressure:

, 
(3)

I� t��s �ase, t�e ex�ste��e of ��drostat�� pressure �a� 
�ause ��stab�l�t� �� t�e �u�er��al a�al�s�s. T�erefore, �t �s 
re�o��e�ded to take t�e k��et�� pressure �� t�e a�al�s�s 
��stead of absolute pressure as a var�able �� t�e pro�ess of 
solv��g. T��s �a� be s��ple to ��ple�e�t, b� re�ov��g 
t�e ter� ��drostat�� pressure fro� t�e express�o� for 
grav�tat�o�al for�e:

. (4)

T�e ter� �s �alled t�e buo�a��� for�e. K��et�� 
pressure repla�es t�e absolute pressure a�d t�e buo�a��� 
for�e repla�es t�e grav�tat�o�al for�e. �ro� above �t �a� 
be �o��luded t�at �u�er��al a�al�s�s s�ould deal ��t� 
air flow only, with temperature included in the material 
definition.

4. Steps of analysis

Bas�� a�al�s�s �� t��s �ork �s do�e ��t� ��D 
appl��at�o� ADINA. T��s appl��at�o� �as a� ��tegrated 
prepro�essor, pro�essor a�d postpro�essor ��t� stru�ture, 
t�er�al, ��D a�d �SI �odules dr�ve� b� user-fr�e�dl� 
��terfa�e. T�e pro�essor �ore �as a Nav�er-Stokes 
solver. T�erefore ADINA �s �o�ve��e�t for s��ple or 
prel����ar� ��D a�al�s�s of t��s k��d. �or t��s a�al�s�s, 
steady-state flow is assumed. Because of low Re �u�ber, 
flow regime is assumed as laminar. Fluid velocity gives us 
small Mach number (below 1/3 Ma) a�d ���o�press�b�l�t� 
of the fluid is assumed, also. 

A �o�plex t�er�al tra�sport �as �ot bee� �o�s�dered 
�� t��s �ork, be�ause t�e �a�� a�al�s�s �s based o� t�e 
flow behavior. Therefore, flow is achieved with simple 
�ot a�r �eated �� a solar �����e� �olle�tor o� average 
collector temperature (as well as in Manzanares).

T�ere are several �a�� steps �� prepro�ess��g of ��D 
a�al�s�s:

Model geometry,1. 

Material definition,2. 

Bou�dar� �o�d�t�o�s,3. 

Load definition (velocity),4. 

D�s�ret�zat�o� a�d �es� ge�erat�o�.5. 

T�e geo�etr� of a solar �����e� �s der�ved fro� t�o 
s��ple ��l��ders: �olle�tor ��l��der a�d �����e� ��l��der, 
��gure 1. Bot� ��l��ders (�����e� a�d �olle�tor) are 
rotational bodies and flow can be simplified as symmetric 
– first there is a radial flow in the collector, then axial 
flow in vertical chimney. 

Because of the flow in three axis, the problem should 
be des�r�bed as t�ree d��e�s�o�al. I� ��D appl��at�o�s, 
t��s �ea�s 3D d�s�ret�zat�o� a�d use of a �o�s�derable 
a�ou�t of �o�puter �e�or� a�d �o�put��g t��e. 
Therefore, some further simplification can be achieved 
b� d�v�d��g t�e �olle�tor a�d �����e� ��to quarters. At 
the quarter sides, slip flow conditions should be applied 
for velo��t�es at t�e bou�dar�es.
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Figure 1. Basic types of flow through solar chimney: vr rad�al 
a�r velo��t� a�d va ax�al a�r velo��t�.
Slika 1. Os�ov�a struja�ja kroz solar�� d���jak: vr rad�jal�a 
brz��a zraka � va aks�jal�a brz��a zraka.

Dimensions are taken from Manzanares real 
geo�etr�: 
Overall �����e� �e�g�t: h��=195 �,  
�����e� d�a�eter: d��=10 �,

�olle�tor �e�g�t: h�o=2 �,  
�olle�tor d�a�eter: D�o=240 �.

T�us, a de�ser d�s�ret�zat�o� gr�d s�ould be 
a���eved ��t� t�e sa�e �o�puter perfor�a��es as �ell 
as better results. T�e �ext step for de�ser gr�d ga�� �s 
v�rtual s�orte���g of t�e �olle�tor ��l��der b� rad�us 
a�d s�orte���g of �����e� b� le�gt� (�e�g�t). T��s 
�a� be poss�ble b� �al�ulat��g velo��t� a�d pressure at 
�orrespo�d��g rad�us for or�g�� d��e�s�o�s a�d t�e� 
tra�sferr��g t�e� as bou�dar� �o�d�t�o�s o� s�orter 
model (quarter), ref.[10]. 

��gure 2. s�o�s d�s�ret�zed o�e quarter of s�orte�ed 
S�, �� ����� all �o�puter po�er �s �o��e�trated arou�d 
S� �ore – �����e� ��let after �olle�tor, ���d turb��e 
�losure. 

Figure 2. D�s�ret�zed o�e quarter of s�orte�ed S�, 3D ���d 
turb��e �losure.
Slika 2. Diskretizirana četvrtina solarnog dimnjaka, 3D 
okruženje vjetroturbine.

At the chimney bottom as in the Manzanares prototype 
pla�t, a bas�� aerod��a��� ��prove�e�t takes pla�e: a 
simple coned transition from the radial flow through the 
collector to axial flow through the chimney. Thus some 
vortex ge�erat�o�s s�ould be preve�ted a�d a pla�e for 
t�e ge�erator set a�qu�red (vert��al axes). At t�e t�p of t�e 
cone a wind turbine is set (the axial flow wind turbine). 
T�e �o�e �s v�s�ble at t�e �ext ��gure 3., ��ere also 
�al�ulated velo��t�es are s�o��. At t�e top of t�e �o�e, �� 
t�e vert��al �����e� ��let, t�e ���d turb��e �s to be set. 
Wind turbine rotor is settled in horizontal X-Y plane.

Figure 3. �al�ulated velo��t�es �� S� �ore (vortex preve�ted 
�o�e �s v�s�ble). 
Slika 3. Proračunate brzine u jezgri solarnog dimnjaka (vidljiv 
je stožac za sprječavanje vrtloženja).

Next ��gure 4. s�o�s velo��t� �ag��tudes �� t�e 
��ole ���d turb��e area. It �a� be see� t�at t�e bou�dar� 
la�er at t�e outer �����e� bou�dar�es gro�s �o�sta�tl�, 
dragg��g �ts or�g�� fro� t�e �olle�tor ��let. O� t�e ���d 
turb��e pos�t�o�, just over t�e �o�e �� t�e ��ddle of t�e 
S�, average a�r velo��t� �s v=12 �/s. T��s value �s �lose 
to velo��t� �� real solar �����e�. ��gure 5. s�o�s relat�ve 
pressure field in the wind turbine area. 

Figure 4. Velo��t� �ag��tudes �� t�e ���d turb��e area.
Slika 4. Magnitude brzina u blizini vjetroturbine.
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Figure 5. Relat�ve pressure �� t�e ���d turb��e area.
Slika 5. Relat�v�� tlak u bl�z��� vjetroturb��e.

On the wind turbine the position field is not 
homogenous regarding horizontal X-Y plane (plane of 
t�e ���d turb��e rotor). T�erefore so�e rad�al �o�po�e�t 
of air flow on wind turbine blades can be expected. 
T�us �ore e�erg� losses �� turbo�a����e �ould o��ur, 
add�t�o�all� redu���g t�eoret��al l���t for turbo�a����es 
a��ord��g to Alfred Betz (1920.), ηT=16/27.

5. Reversed nozzle in solar chimney

D�ffere��es of velo��t� �� s��ple solar �����e� 
in wind turbine plane are significant. Therefore some 
��prove�e�ts s�ould be �ade. ��gure 6. s�o�s �ozzle 
or turb��e d�ffuser �� solar �����e� a��ord��g to Vo� 

Figure 6. Nozzle (turbine diffuser) in chimney according to Von Backström and Gannon, ref.[17], and proposed reverse nozzle 
concept, ref.[16].
Slika 6. Sapnica (difuzor turbine) u dimnjaku prema Von Backström i Gannon, ref.[17] i predloženi koncept reverzne sapnice, 
ref.[16].

Backström and Gannon, ref.[17], and proposed reverse 
nozzle concept [16].

T�e �o��ept �s based o� �o�tra�t�o� of a�r strea�. 
Due to �o�t��u�t� la�, velo��t� �s ��g�er �� t�e �arro� 
pipe than in the wide pipe for the same flow rate. The 
effe�t �s t�e sa�e �� bot� �ozzles, sta�dard a�d bulb 
based d�ffuser, but d�ffere��e o��urs at turbo�a����e 
rotor blades. T�e �a�� effe�t of reverse �ozzle �s to 
�o�press bou�dar� la�er a�d to prov�de as �o�oge�ous 
velocity and pressure field as possible, particularly in 
turb��e pla�e, ��gure 7.

For the same volume flow rate Qsd=Qrd, ���d turb��e 
rotor �� sta�dard d�ffuser �as s�aller d��e�s�o�s t�a� 
���d turb��e �� bulb based, reverse d�ffuser. T�erefore, 
���d turb��e blades are exposed to velo��t�es ��t� lo�er 
d�ffere��es fro� t�e �ax��al to t�e �����al rotor rad�us. 
A s��ple �����e�, ��t�out d�ffuser �� ���d turb��e 
closure, as in Manzanares, has higher differences of 
velo��t�es �� t�e sa�e pla�e. 

Next ��gure 8. s�o�s bas�� velo��t� d�ffere��es 
bet�ee� t�ree S�: s��ple p�pe, d�ffuser a�d reverse 
nozzle (diffuser) type. The first two rotors have low 
rotat�o�al speed �� t�e blade root, a�d t�e blade s�ould 
be t��sted �ore t�a� at t�e t��rd rotor. Lo�er velo��t�es 
�ause ��g�er lo�al pressure d�ffere��es o� blades as a 
�o�seque��e of aerod��a��� for�es. 

Be�ause of ��g�er pressure d�ffere��es, ���reased 
rad�al velo��t�es alo�g t�e blades s�ould be expe�ted. 
T�erefore, for t�e se�o�d a�d t��rd t�pe of turb��es, se��-
�as�ade a�d �as�ade t�pe rotors s�ould be appl�ed. T�ese 
rotors �ave lo�er rotat�o�al speeds but ��g�er torque t�a� 
the first type. Because the flow through SC wind turbine 
�s �ore u��for� a�d �o�sta�t t�a� free area ���d turb��e, 
�as�ade rotors are a better solut�o�.
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Figure 7. Velocity vectors around ‘bulb’, velocity magnitude and pressure field in ‘bulb’ closure.
Slika 7. Vektor� brz��a oko ‘bulba’, �ag��tude brz��a � polje tlaka oko ‘bulba’.

Figure 8. Bas�� velo��t� d�ffere��es bet�ee� s��ple p�pe, d�ffuser a�d reverse �ozzle/d�ffuser t�pe S�.
Slika 8. Os�ov�e razl�ke brz��a u jed�ostav�oj ��jev�, d�fuzoru � reverz�oj sap����.
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6. Analysis of the results

Results are prov�ded ��t� sta�dard �u�er��al a��ura�� 
of t�e N-S solver, relat�ve 0,001 b� default, ��t� less 
t�a� 30 �terat�o�s for atte�pt. �ro� ��gure 8 �t �s obv�ous 
t�at resulta�t ���d speed at rotor blade ��let s�ould var� 
alo�g t�e rad�us �aus��g t��st��g of t�e blades for t��s 
purpose. Most twisted blades belong to first type SC and 
less t��sted to t�e t��rd t�pe as �ell as rad�al speed losses. 
Average ax�al velo��t� �elps us �� bas�� a�al�s�s but real 
velo��t� d�str�but�o� alo�g t�e blade �s �ore �o�plex 
as see� o� ��terrupted l��e of real velo��t� d�str�but�o� 
inside the chimney or flow area (qualitative assumption 
based on numerical results). Most uniform distributions 
of real velo��t�es belo�g to t��rd S� t�pe. T�e �ext ��gure 
9 s�o�s bas�� a�d relat�ve ax�al a�d ta�ge�t�al velo��t�es 
in wind turbine plane for a similar flow rate and power, 
fro� t�e �����e� �e�ter (10-t� pos�t�o�) to t�e �����e� 
bou�dar� (pos�t�o� 0).

Ax�al velo��t�es belo�g to �ot a�r �� t�o �����e�s: 
s��ple p�ped a�d ��t� reversed �ozzle. Reverse �ozzle 
rad�al ��dt� �s �alf of s��ple p�pe rad�us. 

Be�ause of poss�ble se��-�as�ade a�d �as�ade blades, 
��t� �overed root a�d t�p rad�us, s�orter rad�al ��dt� a�d 
��de ��ord le�gt�, �t �s expe�ted t�at ���d turb��e rotor �� 
reversed �ozzle s�ould be less se�s�t�ve o� rad�al losses 
of a�r t�a� rotor blade of ���d turb��e �� s��ple p�pe. 

As �s�ell k�o�� �� turbo�a����er�, for ��ter�al 
flows cascade turbines are usually applied, while on open 
flows several blades are more often used. Even without 
t�er�al expa�s�o�, se��-�as�ade a�d �as�ade turb��es 
are more efficient than turbines with several blades. 
�o�s�der��g ���d turb��es, �ore blades prov�des ��g�er 
power coefficient and torque coefficient at lower tip 
speed rat�o t�a� fe�er blades a�d v��e versa �� �losed 
flow, ref.[15]. Therefore, some optimization procedure 
s�ould be developed for proposed ��prove�e�ts �� 
future develop�e�t.

7. Conclusions

With simplified CFD analysis several results are 
a���eved. �as�ade rotor prov�des �ore torque for t�e 
sa�e po�er t�a� ax�al ���d turb��e. T��s t�pe of rotor 
is a better solution for flows with near constant flow as a 
solar �����e�. O� t�e ot�er s�de, ���d turb��e �s a better 
solution for open flows. Because solar chimneys are not 
��del� used, �ore exper�e��e s�ould be �arr�ed out �� 
t��e as �ell as t�eoret��al base. T��s paper �s a�ot�er step 
to furt�er ��vest�gat�o�s. T�ese ��vest�gat�o�s s�ould 
take reversed �ozzle ��to a��ou�t as �ell as �as�ade ���d 
turb��e rat�er t�a� s��ple p�pe a�d ���d turb��e for ope� 
flows. Basic assumptions are analyzed and carried out 
��t� sat�sfa�tor� results. 

Figure 9. Relat�ve ax�al velo��t�es of �ot a�r �� �����e� (l��es) a�d ta�ge�t�al 
velo��t�es of ���d turb��e rotors �� ���d turb��e pla�e (�urves).
Slika 9. Relativne aksijalne brzine vrućeg zraka u dimnjaku (pravci) i tangencijalne 
brz��e vjetroturb��skog rotora u rav���� vjetroturb��e (kr�vulje).
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