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ABSTRACT 
 
Pump as turb ne (PAT) can be preferred for electr c ty 

generat on n small and m cro hydropower plants and dr nk ng 
water supply networks n solated areas. The ma n reasons to 
use PAT for th s appl cat ons nclude low n t al nvestment 
costs, ease of operat on and ma ntenance, and short del very 
t mes. The rel ab l ty of emp r cal methods used to pred ct PaT 
performance s a major problem n PAT select on. In th s study, 
t s shown that PAT performance can be pred cted by three-

d mens onal computat onal flu d dynam c (CFD) s mulat ons as 
an alternat ve to emp r cal methods. For th s purpose, an end 
suct on pump, a double suct on pump and a mult stage pump 
were selected and the r performances n turb ne mode were 
measured exper mentally. The al gnment between numer cal 
results and exper mental measurements showed that CFD can 
be used successfully n PAT select on. Also, f numer cal 
calculat ons can not be performed, the capab l t es of emp r cal 
correlat ons n pred ct ng PAT performance are d scussed. 

SYMBOLS 
 

kQ   : Turb ne flow convers on coeff c ent 
kH : Turb ne head convers on coeff c ent 
η : Eff c ency 
ηp : Pump eff c ency 
ηt : Turb ne eff c ency 
Qopt : Pump flow rate at best efficiency point(BEP) (m3/h) 
Hopt : Pump head rate at best efficiency point(BEP) (m) 
nq : Pump specific speed 
Qt : Turbine flow rate (m3/h) 
Ht : Turbine head (m) 
P : Shaft Power (kW) 

 
 

1.INTRODUCTION 
 
The energy requ rement of the world ncreases n 

proport on to the ncreas ng populat on and demand. Regardless 
of whether the capac ty of water resources s large or small, the 
h gh n t al costs prevent nvest ng n establ sh ng electr cal 

energy generat on plants [1]. Therefore energy producers  seek 
to reduce the un t cost, wh ch ncreases research stud es on 
m cro hydroelectr c power plants. It has been understood that 
PATs can be used as an alternat ve to convent onal turb nes to 
reduce the equ pment cost of m cro hydroelectr c power plants. 

 
PATs have d fferent spec f c speeds, hydraul c structures 

and mechan cal structures among each other. The most 
common types of PATs n pract ce are end suct on pumps, 
double suct on pumps and mult stage pumps. 

 
Pump manufacturers use performance pred ct on methods 

for PAT select on due to d ff cult es n ach ev ng exper ment 
results [2]. The performance pred ct on methods are related 
w th spec f c speed of the pump, head and the flow rate at the 
best eff c ency po nt of the pump. Coeff c ents of pred ct on 
methods are shown n Table 1. 

 
Table 1 : PAT convers on formulas 

kQ kH η 

Stephanoff  
[3] 

1

𝜂
 

1

𝜂
 𝜂 = 𝜂  

Ch lds  
[4] 

1

𝜂
 

1

𝜂
 𝜂 = 𝜂  

Sharma  
[5] 

1

𝜂 ,
 

1

𝜂 ,
 𝜂 = 𝜂  

Alatorre-
Frenk [6] 

0,85𝜂 + 0,385

2𝜂 , + 0,205
 

1

0,85𝜂 + 0,385
 𝜂 = 𝜂 − 0,03 

Yang  
[7] 

1,2

𝜂 ,
 

1,2

𝜂 ,
 𝜂 = 𝜂  

NMHP  
[8] 1,25 1,38 𝜂 = 𝜂  

Sm t  
[9] 1,65 2 𝜂 = 𝜂  

 
Flow rate and head of the PAT are calculated by formula 

(1) and formula (2) respect vely. Chapallaz[10] stated that there 
s a dev at on of more than 20% n the est mat ons made by 

these methods.   Prec s on of these methods has a v tal role on 
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loss of money, t me and labor wh ch are caused by wrong 
pred ct ons. 

 
 
 
 

In th s research, PAT performances of these three d fferent 
type of pumps w th d fferent spec f c speeds were analyzed 
numer cally and emp r cally, and compared w th PAT 
exper ment results. The pump propert es are shown n Table 2. 

 
Table 2 : Capac ty, head, eff c ency, speed and spec f c speed 

of the pumps 

Characteristics 
 PAT #1 PAT #2 PAT #3 

End Suction 
Double 
Suction 

Multistage 

Qopt(m3/h) 123 210 335 

Hopt(m) 21,3 58 131 

ηopt(%) 81,3 76,1 77,7 

speed (rpm) 1800 1500 1500 

nq 33,56 12,19 26,94 

 
 
2. EXPERIMENTAL SETUP 
 

The general v ew of the exper mental setup of PAT s g ven 
n F gure 1. PATs are tested n a closed-loop, 450 m3 water tank. 

Magnet c flow meter s used to measure capac ty at the 
d scharge, power analyzers are used to measure electr cal 
power from the turb ne generator, nput and output pressure 
transm tters are used to measure pressure values n the 
exper ment. 

 
The nlet of the turb ne s supported w th a booster pump to 

generate head. Generated electr c s regulated to harness the 
energy. 

 
 

 
F gure 1 : V ew of the exper mental setup of PAT [2] 

 
 
 
 

3. NUMERICAL ANALYSIS  
 

Deta led nformat on regard ng the generat on of 3D flow 
volumes, mesh ng, calculat on methods, veloc ty and pressure 
d str but ons are shown n the sect on 3.1 and 3.2. 

3.1 GENERATION OF 3D VOLUMES AND MESH 
 
The 3D flow volume s constructed us ng the surfaces of 

the model contact ng the flu d. These models do not nclude 
cas ng cover for stuff ng box, bear ng hous ng and seals. After 
the flow volume s formed nclud ng volute cas ng and 
mpeller, mesh ng s appl ed on the model [11]. 

       
FLUENT software was used for flow analys s. 

Incompress ble Nav er-Stokes equat ons are solved by the f n te 
volume method, and the turbulence s modeled by the real zable 
k-ε method. 

 
Mass flow nlet boundary cond t on s prescr bed of PAT 

nlet and pressure outlet boundary cond t on s prescr bed at the 
outlet. No-sl p boundary cond t on s appl ed at the walls. 
Cont nuum doma n s selected as cold water. 

 
 In the analys s, add t onal volumes have been placed to 

ensure a un form flow prof le at the nlets and outlets.Leakage 
flow does not nclude n the modell ng due to ncrease 
calculat on t me. Leakage loss and mechan cal loss were 
calculated us ng emp r cal formulas as g ven n the l terature 
and used n the turb ne eff c ency calculat on. 

 
Mesh s generated w th ANSYS MESH software. Number 

of elements for each PAT and area we ghted average of y+ 
values on blade are n shown n Table 3. 

 
Table 3: Mesh character st cs 

  PAT #1 PAT #2 PAT #3 

Number of 
elements 

6930647 2642557 7428629 

Area we ghted 
average of y+ 

values on blade 
139 325 440 

 
 
Mesh ng v ews of the PATs are shown n F gure 2. 

𝑄𝑡 = 𝑘𝑄. 𝑄𝑜𝑝𝑡 (1) 
𝐻𝑡 = 𝑘𝐻.  𝐻𝑜𝑝𝑡 (2) 
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a) 
 

 
b) 

 
c) 

F gure 2 : V ew of mesh a) PAT #1 b) PAT #2 
 c) PAT #3 

 
3.2 NUMERICAL RESULTS 
 

Convergence cr ter a s selected such that the res duals of 
cont nu ty, momentum and turbulence drop below 10-4. 
Calculat ons are be repeated for d fferent flow rates. 

 
In PAT des gn, the pr or ty s to ach eve the most eff c ent 

turb ne w th least changes on the pump des gn. S nce hydraul c 
geometry s constructed for pump mode operat on, flow 
separat ons and fr ct on losses are nev table n turb ne mode. 

 
Veloc ty and pressure d str but ons are exam ned for three 

d fferent PATs at the r BEP. 
 
Veloc ty and pressure d str but ons of PAT #1 n mer d onal 

and rad al sect ons at 156 m3/h are shown n F gure 3. It s seen 
that flow separat on ma nly occur at the mpeller. Flow s rather 
smooth n the volute cas ng. Blade nlet angle and angle 
d str but ons over the blade, wh ch s des gned for the pump, 
have great mpact flow separat ons. Stat c pressure d str but on 
shows that energy s absorbed from per phery to center. 

 

 
a) Veloc ty vectors n mer d onal v ew 
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b) Pressure d str but on n mer d onal v ew 

 
 

c) Veloc ty vectors n rad al sect on 
 

 
d) Pressure d str but on n rad al sect on 

 
F gure 3: Veloc ty and pressure d str but ons of PAT #1 at 156 

m3/h 
 

Veloc ty and pressure d str but ons of PAT #2 n mer d onal 
and rad al sect ons at 250 m3/h are shown n F gure 4. It s seen 
that the flow s qu te un form n the volute cas ng. On the other 
hand excess ve decelerat on s observed n the mpeller 
passages. Stat c pressure d str but on shows that energy s 
absorbed from per phery to center. 
 

 
a) Veloc ty vectors n mer d onal v ew 
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b) Pressure d str but on n mer d onal v ew 

 

 
c) Veloc ty vectors n rad al sect on 

 

 
d) Pressure d str but on n rad al sect on 

 
F gure 4: Veloc ty and pressure d str but ons of PAT #2 at 250 

m3/h 

Veloc ty and pressure d str but ons of PAT #3 n mer d onal 
and rad al sect ons at 570 m3/h are shown n F gure 5. The 
result reveal that, unl ke the other two PATs, mpeller and 
d ffuser blade angles su t well for turb ne mode operat on. In 
that sense no flow seperat on s observed. An un form pressure 
d str but on along the tangent al d rect on s ach eved. 
 

 
a) Veloc ty vectors n mer d onal v ew 

 

 
b) Pressure d str but on n mer d onal v ew 

 

 
c) Veloc ty vectors n rad al sect on 
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d) Pressure d str but on n rad al sect on 

 
F gure 5: Veloc ty and pressure d str but ons of PAT #3 at 570 

m3/h 
 
4. COMPARISON OF THE EXPERIMENTAL AND 
NUMERICAL PERFORMANCE CURVES 
 

Accuracy of numer cal H-Q and P-Q curves s compared 
w th exper mental results. Calculated leakage loss and 
mechan cal loss by emp r cal formulas are used n the turb ne 
eff c ency calculat on. 

 
As shown n F gure 6, the CFD results have good accuracy 

pred ct ng the exper mental H-Q curve n PAT #1. A ≈ 10% 
d fference s seen on the P-Q curve. 

 

 
 

F gure 6: Compar son of CFD and exper mental results of 
PAT#1 

 

Exper mental results of H-Q and P-Q curves of PAT #2 
overlap w th the numer cal results as seen n F gure 7.  

 

 
 

F gure 7: Compar son of CFD and exper mental results of 
PAT#2 

 
As t s seen n F gure 8, CFD results of PAT #3 has ≈ 7% 

dev at on from the exper mental results. 
 

 
 

F gure 8: Compar son of CFD and exper mental results of 
PAT#3 
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5. COMPARISON OF EXPERIMENTAL RESULT AND 
EMPIRICAL FORMULAS 
 

PAT performances at the best eff c ency po nt are 
compared w th the emp r cal results from the l terature. 

 
As t s seen n F gure 9, pred cted PAT performance po nts 

us ng emp r cal formulas for PAT #1 and #2 are cons stent w th 
exper mental result, unl ke PAT #3. Also, t should be noted that 
the emp r cal formulas can only y eld the BEP at the PAT. 
 

 
 

a) 
 

 
 

b) 
 

 
 

c) 
 

F gure 9: Compar son of exper mental results w th emp r cal 
equat ons a) PAT #1 b) PAT #2 c) PAT #3 

 
 

6. RESULTS 
 

PAT performances were analyzed numer cally and 
emp r cally by select ng three pumps nclud ng an end suct on, 
a double suct on and a mult stage pump. Results were 
compared w th PAT exper ments. For all three PAT performance 
pred ct ons, the numer cal results were found to be cons stent 
w th the exper ments. 

 
 Emp r cal formulas are found to be successful n 

pred ct ng the BEP of PATs #1 and #2. Th s success could not 
be ach eved n PAT #3. Therefore, t would not be r ght to 
general ze that the emp r cal relat ons are an absolutely rel able 
select on method. In add t on, we can only est mate one po nt 
on the PAT performance curve w th these methods. 

 
It s cons dered that CFD s mulat ons are necessary for a 

correct PAT select on. Nevertheless, t s seen that emp r cal 
relat ons can be used as an aux l ary tool for the select on of the 
PAT. 
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