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Abstract: The study presents some of the phases of the physical and mathematical models' elaboration of 
the vertical tower chillers with a single axial flow fan, which are used in social and civil buildings to prepare 
conditioning air with medium and high flow. It has a real utility in designing, in manufacturing as well as in the 
exploitation of this type of equipment. 

 
 1. INTRODUCTION 
 
 The chillers are the main part 
of the equipment for air conditioned 
in most civil and public buildings, 
also for refrigerating storage yards or 
for buildings with controlled medium 
conditions (temperature, humidity, 
dust, a.s.o.). 
 For all types of chillers, the 
part which moves the air or the agent 
of freezing (and/or heating in the 
case of reversing machines such as 
heat pumps) is the ventilator (no 
matter the type: axial fan, 
centrifugal/bladed fan). At the same 
time, the ventilator increases the 
pressure of the fluid and assures the necessary flow for the climatizer.  
 The figure no. 1 shows the scheme of a chiller tower with two sided inlet 
ports and one vertical outlet port. The ventilator isn’t shown but, in most cases the 
vertical towers have one axial fan inside the case. 
 
 2. PHYSICAL MODEL OF THE CHILLER TOWER 
 
 The figure no. 2 shows the calculus model for the chiller tower beared on 
four identical elastic supports (it considers that the supports have no damping or 
these ones are almost negligible). 
 For constructive reasons as well as to simplify the calculus, the tower is 

modeled as a rigid body (parallelepiped with 2a2b base dimension) with six 
freedom degree and beared symmetrically. According these reasons, the most 
adequate Cartesian axis system is the central  and principal system, the inertia 
features being known as follows: 

  m -the total mass of the tower 

   xJ , yJ , zJ -the moments of inertia for the central and principal axis 

Cx, Cy, Cz 

1

2

3

4

 
 

Fig. 1 The principle scheme of the chiller tower 
with internal axial flow fan (1-chiller case; 2-

tower’s supports; 3-air inlet ports; 4-outlet port) 
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 Also it considers that the four supports are linear elastic for the three axes 

(figure no. 3), the characteristic being   41,ik,k,k iziyix  . 

 

 

 

 

Fig. 2 The calculus scheme of the tower 
with four below elastic supports(1, 2, 3, 4) 

C-the weight center of the assembly of the tower 
(including driving motor) 

A-the rotation center of the eccentric masses 

 

Fig. 3 The scheme of the 
triorthogonal elastic support 

(i-the ordinal number of the elastic 
support; kix, kiy, kiz - the linear 
elastic characteristic of the 

support for directions x, y, z) 
 
 3. MATHEMATICAL MODEL OF THE VENTILATOR 
 
 The ideal ventilator for the chiller has a very good balanced rotor with the 
rotation axis mounted exactly on the vertical Cz axis of symmetry of the tower. 
Anyway, due to the technological conditions of the fabrication and dynamic 
unbalancing of the rotor on the one hand and the differences between the two axis 
result of the mounting on the other hand, on the assembly tower-ventilator is acting 
an inertial rotational force 

2
0  rmF  ,      (1) 

where: rm0  is the statical moment of the unbalanced rotor; 

  - rotational speed of the rotor; 

  t  - rotation angle of the rotor. 

 On the hypothesis of the parallelism between the axis of the tower and the axis of 
the ventilator, the force F  is acting in point A (figure no. 2), which has the grid coordinates 

 zyx e,e,eA  ,      (2) 

and the position vector: 

kejeier zyxA       (3) 

 The vectorial formula for the horizontal inertial force is: 

jsinrmicosrmF  2
0

2
0      (4) 

 The moment of the force F  as against the point C is 

 
02

0
2

0 



sinrmcosrm

eee

kji

FrFM zyxAC     (5) 
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or: 

     kcosesinermjcoseisinermFM yxzzC  2
0

2
0   (6) 

 The acting moment of the electrical motor driving fan is modeled by zM . 

 
 4. MATHEMATICAL MODEL OF THE CHILLER TOWER WITH ONE AXIAL 
VENTILATOR 
 
 For mathematical model, the displacements are the generalized coordinate:  

 X -side slip movement 
 Y -advance movement 
 Z -lift up movement 

 x -pitching rotation 

 y -rolling rotation 

 z -swing rotation 

 From the Lagrange equations of second species for the non disturb force 
vibrations of the system, the decoupling movement equations are the next:  
a)side slip movement and rolling rotation 

 









044

044

22
yzxxyy

yxx

kakhXhkJ

hkXkXm




     (7) 

b)advance movement and pitching rotation 

 









044

044

22
xyzyxx

xyy

khkbYhkJ

hkYkYm




     (8) 

c)lift up movement 

04  ZkZm z
        (9) 

d)swing rotation 

  04 22  zxyzz kbkaJ        (10) 

 The pulsations of the noncoupling movements for each “direction” are: 

m

k
p x

X 2        (11a) 

m

k
p

y
Y 2        (11b) 

m

k
p z

Z 2        (11c) 

x

yz

J

khkb
p

x

22

2


      (11d) 
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kakh
p

y
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
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 The natural frequencies of the decoupling movements of the chiller tower are: 
a)side slip movement and rolling rotation 

























 21

2
2222

1 4
2

1

yy
ppppp

XX
    (12) 














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








 21

2
2222

2 4
2

1

yy
ppppp

XX
    (13) 

b)advance movement and pitching rotation 


















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2
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    (14) 



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



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






 
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c)lift up movement 

m

k
pp z

Z 25        (16) 

d)swing rotation 

z

xy

J

kbka
pp

z

22

6 2


   ,     (17) 

where the coupling coefficients 21,ii   and 21,ii   are as follows: 

xhk
m

4
1        (18a) 

x
y

hk
J

4
2        (18b) 

yhk
m

4
1         (18c) 

y
x

hk
J

4
2        (18d) 

 
 5. MATHEMATICAL MODEL OF THE FORCED STEADY-STATE 
VIBRATION 
 

 If we consider that the actions on the tower are the inertial force F  and the 

reaction moment zM , the generalized forces are: 

tcosrmQF
X

 2
0       (19a) 

tsinrmQF
Y

 2
0       (19b) 

0F
Z

Q        (19c) 

tsinrmeQ z
F

x



2

0      (19d) 
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tcosrmeQ z
F

y



2

0       (19e) 

   tcosetsinermtMQ yxz
F

z



2

0    (19f) 

 The differential equations for the forced vibrations are obtained from 
Lagrange equations of second species: 
a)side slip movement and rolling rotation 

 










tcosrmekakhXhkJ

tcosrmhkXkXm

zyzxxyy

yxx

2
0

22

2
0

44

44




   (20) 

b)advance movement and pitching rotation 

 







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tsinrmekhkbYhkJ

tsinrmhkYkYm

zxyzyxx
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2
0
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2
0
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
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   (21) 

c)lift up movement 

04  ZkZm z
         (22) 

d)swing rotation 

     tcosetsinermtMkbkaJ yxzzxyzz  2
0

224  (23) 

 From above equations it’s obvious that the disturbed “directions” are X , Y , 

x , y  and z ; the amplitudes of harmonical forced steady-state vibrations for 

each “direction” are: 
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 The movement around the vertical axis (swing rotation) is given by the solution of 

the equation (23) and depends of the function  tMz . If the rotational speed of the 

ventilator is constant, the moment of the ventilator drive is also constant and the solution is 

   tt zfz  0  ,     (25) 

where 0  is the angular displacement of the tower from static balance position and  tzf  

is the harmonical forced vibration done by the relation: 

   0  tsinAt
zzf      (26) 

 The amplitude of forced vibrations is 

 22
6

2
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ANNALS of the ORADEA UNIVERSITY. 

Fascicle of Management and Technological Engineering, Volume XI (XXI), 2012, NR2 

 3.21 



where 22
yx ee   is the distance between the axis of the tower and the axis of the 

ventilator. 
 
 6. CONCLUSIONS 
 
 The constructive model of chiller tower that this study proposes can led to 
achieving a rigorous physical model and as calculus, to evidence the dynamic 
aspects related to the functioning of this type of equipment.  
 It can be demonstrated that, if some dimensional and functional conditions are 
fulfilled, under certain working hypotheses, the natural vibrations of different “directions” 
are decoupled and some of the undesired forced vibrations may be annulled. 
 In order to reduce the amplitudes of steady-state forced vibrations, it’s necessary to 
take into account the next technological (manufacture, test, adjustments, mounting) 
measures: 
-a good static and dynamic balancing of the rotors of the motors and ventilators (technical 
and economical optimum if possible); 
-the best alignment of the axis of the ventilator by vertical axis of the chiller tower. 
 Under the hypothesis of decoupling of all motions in four subsystems and 
considering that the system tower-ventilator has small oscillations, it can be demonstrated 
that these vibrations are quasiharmonical, with the pulsation equal to that of the driving 
motor. 
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