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The study explores the performance characteristics of a Z-Blade reaction type water 
turbine and investigates a test unit for an ideal and practical case using the governing 
equations derived from the principles of conservation of mass, momentum, and 
energy. Various analyses are conducted with consideration of the ideal and possible 
operating condition for low-head (3 m to 5 m) and low flowrate (2.5 L/sec and below) 
water resources. The relationship of the fluid flow friction known as k-factor with mass 
flow rate and angular velocity for a Z-Blade turbine model is discussed. The measured 
performance of two PVC pipe sizes (0.5 inch and 1 inch) of a Z-Blade turbine is 
presented and evaluated against theoretical results. This work also describes the simple 
concept of a Z-Blade turbine for a pico-hydro application. A large variation in k-factor 
with a 1% difference in rotational speed and mass flow rate is presented. The coefficient 
k-factor is also demonstrated as a strong parameter influencing the mass flow rate and 
rotational speed performance. This coefficient also has a significant impact on the 
conversion of potential energy into power output. 

Keywords: 
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1. Introduction 
 

Among the turbine technologies used for hydropower generation worldwide is the reaction-type 
water turbine [1-3]. The gardening water sprinkler is one of the simplest examples of a reaction water 
turbine that illustrates its working principle [4,5]. In reaction turbine, liquid is pressurised, and it flows 
through the guiding mechanism to rotate the moving blades or moving nozzle [6-8]. As the water 
glides through the moving blades, pressure is reduced, and the velocity of the water stream relative 
to the moving parts is increased [9-11]. The pressure not only comes from the potential energy but 
also from the centrifugal head attributed to the self-pumping effect during turbine rotation [12-14]. 

This research has been inspired by the cross pipe turbine (CPT) and split reaction turbine (SRT) 
proposed by Date [15-17]. The CPT and SRT are both categorised as simple reaction pico-hydro 
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turbines, but only the latter is capable of operating under low-head conditions. Both turbine 
prototypes exhibit similar characteristics, with the value of the k-factor having a tendency to increase 
with the increment of mass flow rate [7].  

At present, Z-blade reaction turbine is considered suitable for low head and low flow water 
conditions. Even though the potential energy available at low head and low flow is lower than that 
of a traditional water dam, the potential extracted energy efficiency of pico-hydro can be significant 
with proper turbine design. This situation prompted this research to concentrate on the turbine 
design in order to develop a novel approach to the low head and low flow pico-hydro method. 

Under real operating conditions, energy loss is associated with the flow of water through the Z-
Blade turbine [1,10,18]. This paper discusses in detail the factor that would represent the loss of fluid 
frictional energy associated with the fluid flow through the Z-Blade turbine. This factor, known 
throughout this paper as the "k-factor", will have a significant impact on the overall performance of 
the water turbine of the Z-Blade reaction type. 

Meanwhile, the performance of the Z-Blade turbine is predicted with a few modifications to the 
approach used in testing the CPT and SRT. The high-pressure pump is replaced with a water tank, 
such that a source of water with a natural flow rate attributable to gravitational force can be applied 
to the turbine. Furthermore, the use of a water pump [11,18] is most likely suitable for high and 
controllable flow rates. The Z-Blade prototype was tested under low head (3m to 5m) and extremely 
low flow (≤ 2.5 L/sec) conditions. 

In addition, this work explores the performance characteristics of a Z-Blade turbine under ideal 
and practical conditions for different nominal diameters of PVC pipes used for the turbine. The 
optimum turbine diameter and the maximum rotational speed at different water head levels with 
various k-factor values are then predicted and discussed. Furthermore, the relationship of the k-
factor, which closely relates to turbine efficiency, with the mass flow rate, turbine diameter, water 
head, and angular velocity of the rotor were investigated based on the experimental results. This 
study also discusses the measured performance of a Z-Blade turbine based on the power and 
efficiency curves drawn from experimental data. Furthermore, the k-factor, as a strong function of 
the performance of the Z-Blade turbine, is confirmed and presented.  
 
2. Z-Blade Concept Design 
 

The development of the Z-Blade turbine is based on the design, experimental investigations, and 
parametric analysis of the CPT, which has been developed and discussed by Date et al., [7,16]. The 
CPT using 3” standard galvanized iron pipe (GI) fittings such as one unit of a 3” cross at the center, 
two units of arms made of 3” male adapter fittings, two units of 3” to 2” reduction elbows, and 5/8” 
solid stream jet nozzles. At both ends of the pipes, the nozzle is mounted to cause the water to flow 
out tangentially towards the rotor diameter, thus maximizing the thrust of the water flowing out of 
the nozzle [17].  

Date et al., [16] stated that the turbine diameter must be significantly small (approximately 0.4m) 
to enable the CPT to spin at faster speeds. However, building the CPT to have the desired small 
diameter is very difficult when using standard galvanized iron (GI) pipe fittings. The smallest diameter 
can be made is using the standard 3' pipe cross is 0.4m. Moreover, by using 80 kPa water pressure 
and the shortest diameter, the maximum speed of a CPT under no-load conditions is only 530 rpm 
with turbine efficiency of approximately 55% [15]. After the exploratory works on CPT, this type of 
turbine was found to be incapable of producing power output efficiently for low-head hydro, and 
further works on CPT were no longer pursued [7]. 
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In order to design the Z-blade to perform effectively under low-head and low flowrate water 
conditions, some major modifications have been made to the CPT design. Instead of galvanized iron 
(GI) pipe, this innovative Z-blade turbine uses standard grey Class D PVC pipe fittings. Compared to 
GI pipes, the PVC pipe is inexpensive, readily available in local hardware stores, and can be easily 
modified or adjusted to suit a significantly small-sized turbine diameter. The assembly process is also 
easy to perform, requiring no advanced technical expertise, skilled workers, or high-tech 
manufacturing machinery. Figure 1 shows the Z-blade turbine used in the experiments with a nominal 
diameter of PVC pipe, S, varying at Ø25mm (1”) and Ø15mm (1/2”). 
 

 
Fig. 1. Size of PVC pipe (Ø25mm (1”) and Ø15mm (0.5”)) 

 
This simple reaction turbine is named Z-blade after its rotor blades, which resemble the letter Z 

of the alphabet. The Z-blade turbine, as shown in Figure 2, is more economical, with the total cost at 
USD76, which is almost half of the cost for CPT, which is USD 151 [4]. Due to the simplicity of the 
fabricating process, the duration of turbine manufacturing is shorter and thus accounts for a cheaper 
cost of production. The most expensive part is the water coupling, and this is the only part that needs 
to be customized well. The turbine coupling is not complex and is easy to fabricate compared to the 
rotary lip seal arrangement used for CPT [18].  

A critical part of the Z-blade turbine is the water coupling. It is the meeting point of the stationary 
pipe and rotating pipe sections. As experienced in the CPT turbine, a significant amount of energy 
loss occurs in this section and it is mainly related with the V-ring lip seal of the water coupling as the 
turbine rotates [15,16]. Hence, the water coupling for the Z-blade turbine has been carefully designed 
with minimum coupling friction losses. At the same time, it is also important that the rotary seal 
arrangement must be able to prevent supplied water to trickle out so that the supplied potential 
energy is maintained and no water flow or energy is wasted.  

In the experimental works, the inlet pipe and coupling housing remains unchanged, even though 
the nominal diameter of the PVC pipe S is varied from Ø25mm (1”) to Ø15mm (1/2”). However, the 
other parts such as the T-joint pipe, PVC male threaded adapter, blade’s arm, 90o elbow, and end cap 
must be changed. 
 

1 inch (Ø25mm) 0.5 inch (Ø15mm) 

1 inch (Ø25mm) 
0.5 inch (Ø15mm) 
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Fig. 2. Z-blade turbine coupling 

 
3. Experimental Test Rig  
 

The water head, H, is the most important parameter in hydroelectric, where it is obtained by 
physical difference between the water level in the reservoir and the position of the turbine 
[19,20,22]. The experimental approach for CPT test rig uses an upward approach to feed the water 
supply to the turbine. Therefore, the potential energy supplied to Z-blade turbine is greater than CPT 
(H2 > H1). Figure 3 shows that the experimental setup for CPT does not fully utilize the potential energy 
available at a low-head water supply. 
 

 
 Fig. 3. Schematic of feeding water into the CPT and Z-Blade 

 
This research has, to a certain extent, developed an improved and more effective experimental 

setup which is easy to assemble and, in addition to that, resembles the near-real condition of the 
hydro sites. The Z-Blade turbine is tested by feeding the water from the top of the blade, and the 

Water flow to the rotor arm  Water flow to the rotor arm  

Rotating Part  

Stationary part  

Water flow from 
water tank  
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generator is installed at the bottom of the Z-Blade turbine. With this arrangement, the gravitational 
potential energy from the water tank is fully utilized. The test rig as shown in Figure 4 can provide up 
to 5m water head and up to 3 liters mass water flow rate. During such an operation, the Z-Blade 
turbine rotates clockwise when the fluid exits the nozzle tangentially, inducing a reaction force and 
causing movement of the rotor in the reverse direction of the water jet, simultaneously producing 
mechanical and electrical power.  
 

 
                                                          Fig. 4. Z-Blade turbine experimental test rig 

 
4. Governing Mathematical Model  
 

The performance of the Z-Blade turbine is predicted by using the governing equations which were 
developed from the principle of conservation of mass, momentum, and energy [7]. Guided by the 
theoretical analysis that has been made by [16,17], a few assumptions have been drawn 

i. Inability of energy to be dissipated through viscosity. 
ii. No turbulence due to its laminar flow characteristic. 

iii. Constant water density. 
iv. Inconsideration for any losses related to water flow from the reservoir through the piping 

system. 
v. Inconsideration for any mechanical losses such as windage losses caused by the rotation 

of the turbine. 
vi. Inconsideration for any frictional losses of the pipe coupling. 

Z-Blade 
test rig  

Water exits 
the nozzle 

tangentially  

Z-Blade 
rotates 

clockwise  

Water inlet   

Coupling 
let   

DC Generator 

Charging system  
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Following the principle of energy conservation, the gravitational potential energy supplied must 
be equal to the mechanical work produced and the kinetic energy loss due to the water flowing out 
at the exiting water jet [15]. 

 

2
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aVmWgHm  +=

                                                                                                                                             (1) 
 

As shown in Figure 5, the scheme displays the radius of the rotor, the nozzle, and the 
corresponding velocities. 

 
RU =                                                                                                                                                 (2) 

 

UrVaV −=                                                                                                                                          (3) 
 

RrVaV −=                                                                                                                                          (4) 
 

 
Fig. 5. Scheme of the parameter of the 
Z-Blade turbine 

 
Ideally, the kinetic energy is equivalent to the sum of the potential energy and the energy 

generated by the centrifugal head (assuming negligible fluid friction) [7]. 
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The centrifugal head Hc when the turbine is not stationary, ω ≠ 0, is calculated as follows 
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The combination of Eq. (5) and (6) leads to 
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                                                                                                                                  (7) 
 
Mass flow rate, can be expressed as 
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rAVm =                                                                                                                                           (8) 
  

Hence, 
 

22
2  RgHAm +=

                                                                                                                                  (9) 
 

The value of the mass flow rate when the turbine is stationary, ω = 0, is calculated as follows 
 

gHAsm 2=
                                                                                                                                      (10) 

 
The angular speed of the rotor can be calculated by rewriting Eq. (9) 
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Torque is the product of the mass flow rate, the absolute water velocity, and the radius of the 

turbine 
 

RaVmT =                                                                                                                                   (12) 
 
The mechanical output power 
 

TW =
                                                                                                                                        (13) 

 
The efficiency of the system 
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Adaptation to a real operating situation, the fluid frictional power loss (k-factor) related with the 
fluid flow through the turbine need to be considered [7,17].  
 

2

2

12

2

1
krkVmaVmgHmW

kkk
 −−=

                                                                                                           (15) 
 
By rewriting and combining Eq. (2), (3), (7), (8), (12), (13), and (15) with the k-factor considered, we 
arrive at 
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Vrk is the relative velocity, ωk is the angular velocity of the rotor, and mk is the mass flow rate of 
water through a turbine which has been influenced by the k-factor. As described by [7,18], the 
parameters in Eq. (21) can be obtained from the experimental work. 

By knowing the value of ωk, mk, Vrk, and the k-factor obtained from the experimental works, the 
other parameters (Vak, Uk and etc.) and the overall performance of the Z-Blade turbine at that actual 
operating condition can be determined. At the same time, by using the value of the k-factor and the 
Vrk obtained from the experimental work, the ideal parameters (Vr, m and ω) can be determined by 
using Eq. (18), (8), and (11). The symbols ω, m and Vr are presented as ideal values used in the 
theoretical analysis where no frictional losses have occurred or, in other words, k-factor = 0 [7,18]. 
 
5. Performance of Z-Blade Turbine   
 

This section explains the assessment and analysis of the Z-blade’s performance. Figure 6 and 7 
show the theoretical and measured performance curves for the Z-Blade turbine, with the nominal 
diameter of the PVC pipe being used Ø25mm (1”) and Ø15mm (1/2”). Results are presented for 
various water heads focusing on the 3m, 4m, and 5m water head pressure. Furthermore, the 
diameter of the turbine is set from 0.3m to 2.0m and the size of total nozzle exit area, A, is fixed at 
1.0 x 10-4 m2. 
 
5.1 Optimum Turbine Diameter 
 

This section discusses the analysis of the system’s performance with respect to different turbine 
diameter values. The turbine diameter is a critical parameter to generate significant rotational speed 
and ensure optimum performance. The dotted line in Figure 6 and Figure 7 shows the experimental 
data gathered from the laboratory work that has a similar pattern with the theoretical analysis but is 
slightly reduced in terms of magnitude. It is observed that the measured performance curves pattern 
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for both nominal diameters of the pipe size is similar. Furthermore, the overall performance of the 
1" blade is better than the 1/2" blade. 

With reference to the experiment results shown in Figure 6 and Figure 7, the blade with nominal 
diameter Ø 15mm (0.5") reaches the maximum rotational speed more rapidly compared to the blade 
with nominal diameter Ø 25mm (1.0") when the operating head is equal to 4m. Practically, the 0.5" 
blade will reach a maximum speed of 236 rpm when the flow rate reaches 1.03 L/sec and the turbine 
diameter is 0.5m. For the 1.0" blade, the maximum speed of 379 rpm is obtained when the flow rate 
reaches 1.38 L/sec, and 0.6m diameter turbines are used. Additionally, the magnitude of speed for 
the 0.5" blade is approximately 37.7% lower than the maximum speed of the 1.0" blade. 

Initially, with the short turbine diameter, the difference in speed between theoretic and 
experiment results is found to be high. However, both speed curves approach each other towards 
the higher turbine diameter. Basically, for the short turbine diameter, its speed is found to be very 
sensitive to the mass flow rate, since a little change in mass flow rate can cause a great change to the 
rotational speed. The small value of R can also have a significant impact on the increase in speed 
value. Conversely, referring to Eq. (20), towards the longer turbine diameter, the higher value of R 
causes the speed value to slowly reduce, thus approaching the constant speed value.   

Overall, it is observed that the larger the size of the nominal diameter of the PVC pipe, the higher 
is the maximum rotational speed obtained due to the increment of the mass flow rate. In addition, 
when the PVC pipe size is increased, it increases the length of the optimum turbine diameter that will 
be used.  
 

 
Fig. 6. Experiment and theoretic results for the 4m static head (nominal diameter: Ø 25MM) 
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Fig. 7. Experiment and theoretic results for the 4 m static head (nominal diameter: Ø 15MM) 

 
The rotational speed of the CPT turbine is high with a linear variation line when the rotor diameter 

is short. This causes the CPT must be fabricate with a small diameter in order to obtain high angular 
speed and generate high mechanical power. However, the CPT is difficult to manufacture with a 
diameter of less than 0.4m due to the fixed dimensions of the standard 3' pipe [1]. However, the 
influence of the operating head on the rotational speeds is less significant at a higher turbine 
diameter. On the other hand, for a constant water head, the rotational speed reduces with an 
increase in the CPT turbine diameter. 

Conversely, the rotational speed of Z-Blade turbine changes on increasing the turbine diameter 
in a bell-shaped curve. The peak point of the curve is defined as the maximum rotational speed 
corresponding to the optimum rotor diameter for a constant operating head. In addition, for a 
constant operating head, the highest rotor speed did not occur during the short diameter of the 
blade, which is unlike experienced by the simple reaction turbine such as CPT. 

Meanwhile, the maximum rotational speed (peak point) and optimum turbine diameter increase 
when the water head is increased. By connecting all the peak points in every curve for all water heads, 
it forms a linear line that also indicates the optimum turbine diameter line. Furthermore, this peak 
point tends to shift towards the right on the graph as operating head increases, causing the value of 
the maximum angular speed and optimum turbine diameter to increase. In addition, the effect of the 
head on the rotational speed diminishes when the rotor blades are focused towards a large diameter. 
 
5.2 Viscous Losses (K-Factor) 
 

From the mathematical model and experimental results, the Z-Blade turbine faced a considerable 
amount of kinetic energy losses and fluid frictional losses. On average, for the 3m to 5m water head 
with the nominal diameter of PVC pipe at Ø25mm (1”), the Z-Blade turbine experienced an increase 
in fluid frictional loss (k-factor) from 0.12 to 0.22. The k-factor is more effective at a higher water 
head and is caused by the rise in the relative velocity and the mass flow rate due to the centrifugal 
pumping effect [7,15]. As discussed in section 4, the k-factor for any water head can be calculated 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 85, Issue 2 (2021) 51-65 

 

61 
 

using Eq. (21). It is worth noting that the parameters such as mass flow rate m and angular speed ω 
can be obtained throughout the experimental work. 

Based on the experimental curve shown in Figure 6, when the operational head H = 4m, the total 
nozzle exit area A = 1.0 x 10-4 m2 and the optimum radius of the turbine R = 0.3m, then from the 
experimental works, the angular velocity of the rotor ω = 379 rpm and mass flow rate of water 
through the turbine m = 1.38 L/sec was recorded. By using this information and substitute in Eq. (21), 
the k-factor for the Ø25mm (1”) PVC pipe at the static head 4m is 0.16. With reference to Figure 7, 
when H = 4m, A = 1.00 x 10-4 m2 but R = 0.25m, then for the Ø15mm (1/2”) pipe, the experiments 
give ω = 236 rpm and m = 1.03 L/sec. With this information and substitute in Eq. (21), the calculated 
experimental k-factor for the Ø15mm (1/2”) PVC pipe is 0.1. The experimental data indicates that the 
0.5” blade experienced lower fluid frictional losses compared with the 1” blade. 

Table 1 and Table 2 show several experimental case scenarios to investigate the variation of the 
k-factor for two sizes of the PVC pipe diameter. There is large variation in the value of the k-factor 
when the value of the rotational speed is varied by 1% and the mass flow rate too is varied by 1%. It 
is worth noting that a small error in reading the rotational speed and the mass flow rate can cause 
the value of the k-factor calculated to be imprecise. 
 

Table 1  
Variation of k-factor for Ø25MM (1”) pipe 
Parameters Rotational 

speed, ω (rpm) 
Mass flow rate, 
m (kg/s) 

k-factor 

Real Case : H = 4 m,  A = 1.00 x 10-4 m2, R = 0.25 m 236.00   1.03 0.1 
Case 1   :  ω reduced 1%, m  increased 1% 233.64 1.04 0.07 
Case 2   :  ω reduced 1%, m unchanged 233.64 1.03 0.09 
Case 3   :  ω unchanged, m increased 1% 236.00 1.04 0.08 
Case 4   :  ω  increased 1%, m increased 1% 238.36 1.04 0.09 
Case 5   :  ω reduced 1%, m reduced 1% 233.64 1.02 0.11 
Case 6   :  ω increased 1%, m unchanged 238.36 1.03 0.11 
Case 7   :  ω unchanged, m reduced 1% 236.00 1.02 0.12 
Case 8   :  ω increased 1%, m reduced 1% 238.36 1.02 0.13 

 
Table 2  
Variation of k-factor for Ø15MM (1/2”) pipe 
Parameters  Rotational 

speed, ω (rpm) 
Mass flow rate, 
m (kg/s) 

k-factor 

Real Case : H = 4 m,  A = 1.00 x 10-4 m2, R = 0.3 m 379.00 1.38 0.16 
Case 1   :  ω reduced 1%, m  increased 1% 375.21 1.39 0.13 
Case 2   :  ω reduced 1%, m unchanged 375.21 1.38 0.14 
Case 3   :  ω unchanged, m increased 1% 379.00 1.39 0.14 
Case 4   :  ω  increased 1%, m increased 1% 382.79 1.39 0.15 
Case 5   :  ω reduced 1%, m reduced 1% 375.21 1.37 0.16 
Case 6   :  ω increased 1%, m unchanged 382.79 1.38 0.17 
Case 7   :  ω unchanged, m reduced 1% 379.00 1.37 0.17 
Case 8   :  ω increased 1%, m reduced 1% 382.79 1.37 0.19 

 
The turbine is in an ideal condition when the k-factor is equal to 0. In other words, the turbine 

only faces the energy loss caused by the kinetic energy corresponding to the absolute velocity of the 
exiting water jet. No energy loss is associated with the friction of fluid flow through the turbine [16-
18]. The k-factor for the 1” blade is in the range of 0.12 to 0.22. Meanwhile, the k-factor for the 0.5” 
blade in the same range of water head is between 0.09 and 0.13. 
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5.3 Power Loss and Efficiency  
 

According to the energy balance equation shown in Eq. (15), the type of loss associated with the 
water leaving the turbine is known as kinetic energy loss 1/2mVa

2, which occurs at both ideal and 
practical situations. However, another type of loss, known as fluid frictional loss 1/2mkVr

2, which is 
related to the water flow through the turbine, only happens at practical situations where k-factor ≠ 
0 [7,18]. 

Figure 8 shows that the k-factor has a significant impact on the power loss and mechanical power 
generated of the 1” blade for the 5m water head. The k-factor has a high influence on the power loss 
from short diameter to optimum turbine diameter, particularly before the maximum rotational 
speed. With a higher k-factor, the Z-Blade turbine experiences higher power loss particularly at short 
turbine diameter. Over most of the range of the k-factor, all power losses have higher decreasing 
rate with increasing rotational speed towards the optimum turbine diameter. However, after the 
maximum rotational speed is achieved, the effect of k-factor is insignificant. All the power losses are 
reduced almost linearly, approaching each other with reducing rotational speed towards the long 
diameter. It is good to note that, tangential velocity of the nozzles approaching the relative velocity 
towards the higher turbine diameter [18]. Hence, the absolute velocity Va in the component 1/2mVa

2 
will be reduced asymptotically approaching zero. 
 

 
Fig. 8. Effect of k-factor on the power loss 

 
Conversely, the k-factor highly influences the mechanical power after the maximum rotational 

speed is obtained. Towards long turbine diameter, not much different in the power loss. Hence, with 
varying the k-factor, the magnitude of potential energy component highly affected by any small 
changes in flow rate and simultaneously it will farther different in the magnitude of mechanical 
power.  



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 85, Issue 2 (2021) 51-65 

 

63 
 

Initially, the mechanical power has a higher rate of rise towards the maximum rotational speed. 
This happens due to the mass flow rate and the angular speed of the rotor having a high rate of 
increase from the short diameter to optimum turbine diameter. However, the rotor speed then 
reduces drastically and the mechanical power is slightly increased linearly towards the long turbine 
diameter. Furthermore, the mechanical power still increases in a slow rate towards the long turbine 
diameter because the mass flow rate continues to increase due to the centrifugal head being affected 
by the increment of the rotor length. 

Figure 9 shows that the efficiency for the Z-Blade turbine at 5m water head is about 92% at the 
highest rotational speed. The effect of the k-factor diminishes towards the long turbine diameter as 
all the efficiency curves approach each other. On comparing the ideal conditions with the experiment 
curve (k-factor = 0.22), the fluid friction factor resulted in a significant (almost 24%) drop in efficiency, 
especially before the maximum rotational speed was achieved. Besides, when the value of the k-
factor is increased, the efficiency curve for the other k-factor moves farther, getting away from the 
ideal condition curve (k-factor = 0). The increment of the k-factor will reduce the relative velocity and 
angular speed of the rotor, simultaneously reducing the percentage of efficiency. This will also cause 
the mechanical power output to reduce, since the mass flow rate and angular velocity is decreased. 
 

 
Fig. 9. Efficiency of Z-Blade turbine at 5 m water head 

 
6. Conclusions 
 

This paper investigates the study of Z-Blade reaction type water turbine performance 
characteristics, both theoretically and experimentally. Overall, the results showed that the 
performance of 1” blade was better compared to 1/2” blade, while the performance of both pipe 
sizes increased when the operational water head was increased. Furthermore, it was observed that 
the pattern of the measured performance curves for both sizes of the pipe is almost similar. It is 
interesting to note that the larger the size of the nominal diameter pipe, the higher was the maximum 
rotational speed (optimum diameter) obtained, after simultaneously increasing the quantity of water 
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flow through the turbine. For a constant water head, the larger the values of k-factor, the farther its 
overall performance moves away from ideal conditions. This is due to the reduction in the mass flow 
rate and angular speed of the rotor. 
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