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Abstract:  This paper presents a  method used to determine the degradation 
in operating time of pumps used in heating systems. This method is based on 
elements from the reliability theory. Engineering reliability proposes 
methods for choosing  materials, for estabilishing manufacturing 
technologies, for production equipments/device with the final purpose of 
rising their quality and reliability. We intended to estabilish the equation-/ 
law- which describes the variation of pumping height in time, to estabilish 
the change value of pumping height as a consequence of pump degradation 
and to determine the value of the pumping height after 50000 operating 
hours. 
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1. Introduction 
 

The The pump is a hydraulic generator 
which converts mechanical energy into 
hydraulic energy. The pumps in heating 
systems are designed to ensure the fluid 
flow [2]. The hydraulic parameters 
required to estabilish a pump in a heating 
system are the flow and the pumping 
height[2],[4],[5]. These two parameters  
are dependent on the characteristics of the 
heating system[2],[4],[5].  

After a number of operating hours 
we observed that the value of pumpig 
height decreases because of the pump 
degradation. The degradation process 
occurs at the bearings impeller of the 
pump. This degradation occurs at hight 
decrease of pumping in time. The 

relationship between the flow and the 
pumping height is named pump 
characteristic[2],[4]. The degradation of 
the roling bearings impeller is because of 
friction and no lubrication of contact 
surface. The cavitation is number one 
enemy of the pump, breaking the air 
bubbles challenge pinching of the contact 
surface of bearings[2].  
The pump failure is usually attributed to 
the degradation of roling bearings material 
and the degradation of housing material 
under stress. Worn surfaces can occur due 
to  frictional stress. Stress, as used in this 
text, refers to any external agent which is 
capable of causing a degradation  to occur 
in the material properties so that the pump 
can no longer function properly in heating 
system. 
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Next, we intend to analyze the 
phenomenon of degradation of pumps 
from heating systems and how it affects in 
time the pumping height. We analyze the 
decrease of the parameter value 'height 
pumping' over time and determine law-
equation  which describes the pumping 
height  variation in time because of 
degradation[1].We will determinate the 
value of pumping height after 50000 
operating hours [1]. 

2. Materials and Methods 
 
We believe that pumping height,  Hpomp,  
represents a critical parameter and we will 
estabilish that  Hpomp  will change slowly 
during  the operation of the pump . 
According to [1] we’ll have the variation 
of Hpomp  in time : 
 
 
 

 

               (1) 
 
We will consider that the following terms 
of the development (1) can be 

approximated by using a variation law 
under the form [1] : 

 
                                                                       (2) 

                             
 represents a coefficient which depends 

on the equipment which at its turn depends 
on the exponentl  ; 

  exponential parameters    
For the situation   ,  will 
increase monotonously in time and for 

,  will decrease monotonously 

in time. A decrease of  to a critical 
value can lead to the failure of the system 
(non-functional heating installation) 
If we find the logarithm of the equation (2) 
we get [1]: 

 
                                                                           (3)    
  
Where: 
 
                                                                       (4) 

 
The graphic representation of  

the time function is illustrated 
in the graph below [1]: 
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              Fig. 1. Variation of  in time (decrease in time),                                   

 
3. Results and discussions 
 
As part of this study was to analyze the 
operation of a pump in heating system 
network whose hydraulics parameters  
 
 

 
are: flow  , necessary pumping 
height     
has varied in time in accordance with  
the value from tab. 1. 

 
      

                                                     Variation of  in time     Table 1  

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 

Nr Time 
 (  

 
     (mcol  

1 0 2.5 
2 4608 2.45 
3 9216 2.41 
4 18432 2.38 
5 36864 2.35 
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 We can see (Tab. 1) that the pump 
parameter  is decreasing in time. 
The power law is: 

 
  (5) 

 
Rearranging, obtains: 
                                                           

                        (6)   

                                                       

Taking the logarithm of both sides of 
the above equation [1], one obtains:   
                                                                                 

 

                                                           (7) 
 
The results of calculations are in table 
2, below: 

                      Results of calculation             Table 2 

 
Time 
(  

 
(mcol   

 
ln[  

 
1 0 2.5    
2 4608 2.45 0.02 8.43 -3.91 
3 9216 2.41 0.038 9.12 -3.32 
4 18432 2.38 0.048 9.82 -3.03 
5 36864 2.35 0.060 10.51 -2.81 

 
Plotting the values in the last two  

 
columns of the table 2, one obtains: 

 

 
Fig. 2. Graphical representation of equation [7] 
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From the above plot, one can see that 
exponent  is  and 

 The     
equation degradation is given by: 

                                         
                                                                     (8) 
 
Now we can determinate the value of 
the  after 50000 hours operating: 

 
                                                            (9) 
                                                    
                                                
 
If    equation [4] is:  
 
                                                                               (10) 

 
Analizing Fig. 2 for    we can 
see the tendency for degradation to 
saturate for long time. The degradation  

rate of pump is emphasized when we 
use the equation : 

 
                                                                                      (11) 

 
For  a decreasing degradation 
rate is expected for our pump. In this 
situation a decreasing degradation rate 
can produce failure for our pump. 
 
3. Conclusions 
 
1. The exponential law which presents the 
variation of of the pumping height, , 
in time, [2], is the most used in order to 
evidence the wear and tear of a piece of 
equipment in time. The power law which 
describes the height pumping variation, 

, in time [2],  is the most used law to 
describe the degradation of a device. 
2.  One can notice that the pumping height 

 decreases by about 8% after 50000 
operating hours. We observed that the 

pumping height , decreases with  8 
% after 50000 operating hours  
3.  A diminution of the pumping height, 

, by more than 10 % leads to a 
hydraulic unbalance in heating installations 
or to the malfunctioning of the heating 
installations. Thus, if  ( 
load failures in heating installations)  
within the limit of 10 %  is affected only 
the functioning of the installations, at the 
level of radiators there will be changes of 
heat flows. If  such a 
diminution of 10% leads to the 
malfunctioning of the heating installation. 
A decrease of the pumping height, , 
with more than 10% produces a hydraulic 
instability in the heating system or the 
nonfunctionality of the system. So, if 

 ( pressure loses from 
heating system) within a 10% limit is 
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affected only the functionality of the plant 
( heating system), the radiators will receive 
different quantity of heat flows. If 

  , a decrease of 10% 
will determine the nonfunctionality of the 
plant ( heating system). 
4.  The establishment of the variation law 
of a pumping height in time by using the 
exponential law [2] helps with the 
evaluation of the pumps functioning or any 
other equipment from the component of 
the heating installations, with the 
determination of the failure moments of 
the equipments from the conponence of the 
installations, so that their time of good 
functioning can be anticipated. The  law 
equation variation in time using the power 
law [2] helps to evaluate the operating time 
of pumps or of any device from a heating 
system, to determine the failure time of 
devices ; we can anticipate using this law 
in time to use for any devices. 
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