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Abstract..Condenser water from the discharge channel PJB Paiton discharged to the sea has the potential
mechanical energy, because the flow rate of 7.6 m3 / s (if both discharge PJB Paiton function) and the
discharge channel reaches a height of 4m. This paper will describe the design of hydro power (in the form
of a block diagram) by using Kaplan turbine driven by utilizing the wastewater condenser. Kaplan turbine
performance represented in the form of the relationship between the incoming water flow and the pitch angle
(the angle between the propellers with a hub) to the torque generated. The simulation results indicate that
the turbine torque is proportional to the mechanical power turbine. The greater the torque, the greater the
mechanical power, and vice versa.

1 Introduction

2 Basic Theory

In the steam power plant contained equipment such as
boilers, condensers, turbines, generators, and pumps. The
condenser is a heat exchanger, comprising the cooling
water used to cool the steam turbine output. The steam
will be condensed into water condensate, and condensate
water will be fed back into the boiler using a pump
(Syamsurijal, 2009). Thus, the cycle of the steam power
plant is a closed cycle or cycles that do not require
additional water during a sufficient condition. During
operation, the condenser needs water as a cooling medium
steam through heat exchange scheme.
After cooling the steam, the water will be discharged
through a channel called discharge channel. Until now
there has been no initiative to harness the water discharge
channel's output, there is potential for enormous energy
(discharge and water level discharge channel output of
about 7.6 m3/s and 4m). This condition has the potential
to be used as a system of Hydroelectric Power Plant
(HPP).
Water turbine consists of several types, determination
of water turbines in hydropower system design based on
the characteristics of water flow (flow rates and falling
stream). One type of water turbine is a Kaplan turbine.
The pitch angle of the turbine Kaplan is the angle between
the propeller with a hub. Variations in pitch angle and
variations in water discharge, used for calculation of
torque.

2.1 Condenser
Condenser at hydroelectric plants is a heat exchanger,
serves to cool the steam turbine output. The water
condensation steam turbine output is called condensate
water. Condensate water is the main source of water
supply to the power plant boiler filler. Process on the
steam power plant is a closed cycle; this is due to water
vapor condensation turbine output is used again in a
process in the boiler (Fig. 1).

Fig. 1. Hydro power plant Cycle (Jumawa, C., 2013
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Fig. 2. Schema of discharge channel of HPP (Farzi, A, 2015)

2.2 Discharge channel

+

𝑁𝑁 = 84,6𝜙𝜙
6
𝑁𝑁7 = 84,6𝜙𝜙

Conditioning water of condenser PJB Paiton use sea water
(has undergone several processes, such as bar screen,
traveling screen, screen wash pump, cooling water pump
(CWP), water coolers are housed in box culvert, and then
discharged as a cooling medium in the condenser.
Conditioning water will be out towards the discharge
channel (to dispose of condenser cooling water to the
river). Here is a scheme of water flow in the discharge
channel of steam power plants.

2.3.3 Unity discharge

Unity discharge that goes to the turbine as a function of
the diameter of the turbine and high-plunge from the
discharge channel.
;

𝑄𝑄7 = 𝐶𝐶: 𝜋𝜋 2𝑔𝑔 =
<

Water turbine has the characteristics stated in general by
6 pieces constants, among others (Luknanto, 2013):

Turbine power generated proportional to the diameter and
height of the discharge channel plunge.
𝑃𝑃7 = 𝜂𝜂𝜂𝜂𝑔𝑔𝑔𝑔7
E
(4)
= A F/A
6 +
P = mechanical power turbine(watt)
𝜌𝜌 = the density of water(kg/m3)
g = acceleration of gravity(m/s2)
𝜂𝜂 = turbine efficiency

The speed ratio is the ratio between the translational speed
of the turbine to the speed of the water through a nozzle
with an altitude plunge H. Rated speed ratio is
proportional to the height H of waterfalls on the turbine.
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2.3.4 Unity power

2.3.1 Speed Ratio (ϕ)
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Q = water discharge on turbines(m3/s)
𝐶𝐶: = coefficient of discharge

2.3 Water Turbin Characteristic

𝜙𝜙 =

(2)

(1)

2.3.5 Diameter Specification

N = turbine rotational speed(rpm)
D = diameter turbine(m)
H = effective high waterfall / head(m)

Diameter turbines are needed to produce one unit of
power at high waterfall H.
𝐷𝐷I =

2.3.2 Unity speed

;

EJ

=

6+ F/K
E

(5)

2.3.6 Specific Speed

Unity turbine speed is the rotational speed as a function of
the diameter of the turbine and high waterfalls from the
discharge channel.

Rotational speed turbines to produce one unit of power
at high waterfall H.
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= M/K 𝑁𝑁N = 𝑃𝑃7 𝑁𝑁7
(6)
+
In addition to the six constants above, there are also other
important characteristics in water turbines, namely:

Specific Kaplan turbine speed can be calculated using
equation

2.3.7 Torque Turbine

3 Hydro power design

The energy generated by the turbine rotates due to the
flow of water takes. Water turbine torque can be obtained
from the equation of impulse and momentum [3].
:S#('$
(7)
𝑑𝑑𝐹𝐹Q/R =

In this study, Kaplan turbines will be placed under the
discharge channel as shown in Fig. 4.
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2.3.8 Turbine efficiency

𝑁𝑁N =

Y<Z;
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Comparison between the mechanical power generated by
the turbine to power the turbine water flow [4]
VW
E
𝜂𝜂 =
(8)
=
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2.4 Selection of water turbines

There are some parameters in determining the types of
water turbines, among others (Patty, 1995):
2.4.1 High effective waterfall (head) and discharge
that will be used to drive a turbine.

Fig. 4. Position Kaplan turbine

In Fig. 3 shows the graph turbine type selection based on
the height H and discharge.

Installation of the system is still not there, then the
channel discharge channel contained in steam power
plants have to be modified in order Kaplan turbine
placement can be done well.
3.1 Block Diagram of hydro power

Fig. 5. Block diagram of hydro power system

Water discharge channel output will hit Kaplan turbine
so that the turbine rotates. Turbine connected to a
generator rotor through a gearbox. rotor spinning will
make the generator produces alternating electrical
voltage. This electrical voltage is rectified because the
energy reservoir hydropower system is erratic. voltage
electricity supplied is alternating electrical voltage, the
voltage that has been rectified converted back to an
alternating electrical voltage by a DC / AC Inverter before
being connected to a voltage mesh nets.
This paper represents only the components of the
turbine, gearbox, and generator. discussion after the
generator components are recommendations that can be
given for the reasons mentioned above.

Fig. 3. Types of turbines based head & discharge

Pelton turbine is suitable for high head, and low flow
while effectively Kaplan turbines for low head and flow
profusely. Francis turbines and crossflow turbines for
head and low flow-medium.
2.4.2 Specific Speed Turbine
The value range of specific speed turbine water:
- Ns = 9 – 25 (Pelton turbine with one jet)
- Ns = 25 – 60 (Pelton turbine with more than one
jet)
- Ns = 40 – 400 (Francis turbine)
- Ns = 260 – 860 (Kaplan turbine)
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Fig. 6. Modelling the whole system

The system consists of three major subsystems,
namely the water turbine, gearbox, and generator
induction.
Input system:
- Water flow rate (Q), (m3/s)
- pitch angle (β), (degree)
- turbine diameter (D), (m)
- gear ratio (n)
Output system:
- turbine torque (τ), (Nm)
- mechanical power of turbine (P), (watt)
- turbine efficiency (%)
- the rotated speed of rotor generator (ωg), (rad/s)
- electrical torque (Te), (Nm)
- electrical power (Pe), (watt)

Fig. 8. Determination the type of turbine based on flow rate and
altitude

Through the Fig. 8, it was found that the type of
turbine that is suitable for the conditions of the discharge
channel PJB Paiton is Kaplan turbines or propellers.
The determination of the specific speed (NS) using
Equation 6 (for the height H = 4m):
9431
+ 155
𝑁𝑁N =
𝐻𝐻 + 9,75
= 840,89
(10)
NS value calculation results in accordance with NS
value for Kaplan turbines (in the range 260-860).

3.2 Hydro turbine block system

3.4 Determination of turbine dimension
Dimensions calculated based on the Kaplan turbine
propeller diameter and number of propellers. wicket gate
which is part of the steering flow of water, its dimensions
are based on previous research [6]. Wicket gate opening
angle of 300
Discharge water before entering and after exiting the
wicket gate assumed to be the same so that the propeller
diameter (D) defined by the equation 5, namely:
(11)
𝐷𝐷 = 𝑐𝑐𝑄𝑄 g,]

Fig. 7. Modeling sub-system of water turbines

Input:
- Water flow rate(Q), (m3/s)
- pitch angle (β), (degree)
- turbine diameter (D), (meter)
Output:
- turbine torque (τ), (Nm)
- mechanical power of turbine (P), (watt)
- turbine efficiency (%)

C value is determined based on Table 1, was obtained:
c = 0.39 for the value of H in the range of 5 m.
Table 1. Determination coefficient value c [1]

3.3 Determining of turbine type

By entering a value of Q = 7.6 m3/s then obtained:
= 1.08m

Turbine type is determined through the selection of a
water turbine curves (Fig. 8).

The number of the propeller (Z) is determined by
Table 2 (based on Ns values have been obtained).
Z = 4 for NS value in the range of 800.
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Table 2. Determination of Number of Turbine Blade Runner
(Z)

Turbine torque is proportional to the mechanical
power turbine. large torque obtained in the range of pitch
angle 15⁰ - 20⁰ with maximum values of 3249.7 Nm on
the pitch angle 17⁰. torque of the turbine will have an
impact on mechanical power turbines are getting bigger,
the pitch angle range will generate maximum value
124,987.1 W or 125 kW.

Kaplan turbines are used to have the initial
specification as follows:
Diameter (D)
= 1,08 m,
Number of propeller (Z)
= 4 unit,
wicket gateopening
= 300.
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Fig. 9. Part propeller turbines Kaplan

3.5 Determining gear box parameter
Parameter gearbox is required as the coefficient convert
the turbine to the generator output. In this study, the
parameters used in the gearbox is the gear ratio (n).
Gear ratios will be used as one input parameter and
varied. Gear ratio according to Kaplan turbines ranges
from 1: 3 to 1: 7 (http://directindustry.com). N input
values determined in the modeling with:
n1 = 5; n2 = 6 ; and n3 = 7

4 Analysis And Discussion
Pitch Angle Torque relationship with Power Turbine and
Turbine Mechanics.

Fig. 10. Graph relationship with the pitch angle torque and
mechanical power turbine
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