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INTRODUCTION

Upon completion of this book, the student will have a solid understanding of how a majority of commercial elec-
tric power is generated. The lab work will give students a hands-on experience producing electrical power using
the Rankine Power Cycle. The processes in the cycle are measured during operation and analyzed to better un-
derstand their performance characteristics. This knowledge transfers very well into the full-scale electric power
generation industry.

Turbine Technologies, Ltd., LabVIEW, National Instruments are trademarks of respective systems and equipment used in equipment
manufactured by Turbine Technologies, Ltd.
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Approximate Lesson
Duration: 20 min.

Lesson 1: Electric Power Generation

In this lesson, the student will learn what electric power generation is, different ways it is accomplished, and its im-
portance to our lives on earth.

Focus 1: Introduction to Power

One of the most significant contributions to the development and continuation of our modern technological way of life has
been the ability to obtain vast amounts of energy from natural resources. These energy sources allow us to control work, power
and heat to meet the demands of societies around the world. Typical natural resources with energy use capabilities include oil,
natural gas, coal, wood, water, wind, solar, and nuclear.

The science that explains and allows us to predict the amount of energy we may extract from these resources and how efficient
we are at actually doing it is what thermodynamics is all about. It is the science that studies energy in its various forms or types
and helps explain why some types of energy are better than others.

Electricity that we use to power countless aspects of our life is typically generated using these natural
resources to fuel the processes.

Focus 2: Typical Types of Electrical Generation

You see large facilities called power plants, power dams,
wind turbine farms, solar cell installations, waste to energy
facilities, peaking stations and others as you travel. Each
uses a natural resource as a fuel to power their electrical
generation activity.

Since electricity can't be stored for later use, it has to be
generated on demand. So, there are base load power plants
that are sized to generate electricity to meet a majority of

the typical demand. They have a constant fuel source and
can run around the clock as needed. These base load plants
are connected to and supply electricity to an electrical grid
that gets this electricity to your home, school or business.
Power companies monitor the grid to determine how much
electricity is needed and where. The base load plants are
sized and scheduled to serve the normal amount of electricity

needs of the grid users in a reliable manner. They run at

Figure 1.1: Sherburne County (Sherco) coal-fired various output levels, in a balanced fashion to accomplish this
Electrical Generation Station, Becker Minnesota goal.

(2400 MW). Example of a Base Load Plant

UNDERSTANDING POWER PRODUCTION
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Figure 1.2: Jet Engine Peaking Plant (8 units)
CPV Sentinel Plant, California
Example of a Jet Peaker Plant

Figure 1.3: Hoover Dam, Las Vegas, Nevada
Example of a hydro-electric generation station.

In areas where load demand on the grid exceeds the
ability of the base load plants to supply the need,
supplemental plants are added to the mix. These are
called peaking plants. They are typically powered by jet
engines for quick start-up and operation and are used
sparingly, because of cost, just to take care of the extra
demand that was created that day. One example of
extra demand could be a hot day causing much more air
conditioning load than normal to be operating during
some key afternoon hours.

Hydro dams are a good natural electrical generation
method. These use water backed up by dams to spin
electric generation turbines to produce electricity. Hydro-
electric power can be used as base load or peaking
generation. Grid managers monitor water levels at these
plants and can predict generation capacity for reasonably
long periods of time, making them good for some base
load activity (especially if a fossil-fueled base load plant is
down for maintenance, etc.). Hydro can also be started
up quickly and on the grid in the event some peaking is
needed.

UNDERSTANDING POWER PRODUCTION
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Figure 1.4: French Island Waste to Energy Plant,
Lacrosse, WI

Figure 1.5: Rural Iowa Wind Turbine Farm

Waste to energy plants can typically be connected to the
grid as a base load generator. These are specialty plants
that typically use industrial and residential waste products
such as wood and paper and generally garbage as fuel to
power the plant. The fuel is used to boil water to create
steam, and generate power the same way it is generated in
a coal fired plant.

Renewable energy, such as wind turbines and solar farms
can be connected to the grid and scheduled to supply
electric energy when conditions are right for their use.
They can relieve base load capacity, but cannot be counted
on as a reliable base load supplier because the wind
doesn’t always blow, nor the sun shine. These sources are
considered supplemental providers.

UNDERSTANDING POWER PRODUCTION
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Solar energy plants are much harder to find. They are
dependent on sunshine, so a majority of these plants are
found in desert regions. This type of energy production
is expensive to build. However, the amount of sunlight
in desert regions and the lack of greenhouse emissions
make an ideal choice for this region. There are two types
of solar plants, solar cell and mirror. Solar cell plants
convert the suns energy directly to power that can be
distributed. Solar mirror plants used curved mirrors to
focus the suns energy on a pipe filled with liquid. The
liquid is then used to boil water to a steam, with electric
power being produced just like in a coal fired plant.

Figure 1.6: Solar Electric Generation Station
Nellis Air Force Base, Nevada

Nuclear energy plants are extremely efficient at generating
electrical power. They can produce giga-watts (GW)

of power using only a small amount of uranium or
plutonium fuel. They are excellent base load systems
because they can provide constant power for long periods
of time. Fuel costs are estimated to be about 1/3 the

cost for a typical coal fired power plant, and greenhouse
emissions are extremely low. However, nuclear power
production does have moderate risks. Disasters at
Chernobyl in 1986 and Fukushima in 2011 made many
countries reconsider their nuclear power production
policies. As a result, plants reaching the end of their life
cycle are being shut down versus renewed.

These are a majority of the ways electricity is generated.

Figure 1.7: Inactive Kewaunee Nuclear Power Station,
Carlton, WI
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Focus 3: So, how is the majority of electricity made?

Sometimes things in life become so reliable that they’re taken for granted. Case in point, have you ever stopped to think about
how much you depend on electricity?

Think about your last experience with even a brief power outage. Without electrical power, heat, air-conditioning and lighting
cease to exist, so does the ability to charge your smart phone, watch T.V., or even cook a meal.

With electricity being such an important part of modern life, have you considered how it's made in those various ways we just
discussed? Did you know that one of the first steps in producing a majority of the electricity we consume is to boil water? It
may sound funny, but it’s true!

Actually, a Scottish civil engineer by the name of William Rankine (pronounced
“Rang-Keene”) was one of the founding fathers of modern day thermodynamics. As
we mentioned earlier, Thermodynamics is the study of energy and a major aspect of
thermodynamics concerns itself with methods of converting heat into useful work,
Or power.

Rankine was born in 1820 and established a theoretical process that is still used today
for the production of most of the world’s electric power. That process was named in
his honor and is known as the “Rankine Cycle”.

The Rankine Cycle produces electrical power through four basic steps:

Figure 1.9: William Rankine

1. Water is pumped into a closed container called a boiler
2. The boiler is heated and the water changes into high pressure steam
3. The steam is shot out of a nozzle thats aimed at a paddle wheel. This paddle wheel is called a turbine. The expanding

steam causes the turbine wheel to spin, which is connected to a generator that produces electricity

4. The steam coming out of the turbine condenses back into water, which is pumped back into the boiler to start the
process or “cycle” all over again

UNDERSTANDING POWER PRODUCTION
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This entire process occurs within a closed loop where the water or “working fluid” never escapes. It only changes phases from
aliquid to a gaseous state and back. The Rankine Power Cycle is therefore known as a vapor power cycle. One interesting point
is that over 90% of our electricity is generated this way.

WT
Turbine :lo
Steam
QA -1
Generator
3 Condenser -+

Pump %
P

Figure 1.10: Typical schematic of the Rankine Cycle

The Rankine Cycle’s major components and basic process are shown in Figure 1.10 above. The steam generator can be likened
to a closed kettle of water being heated on a stove. In the case of an actual power plant, a fossil fuel such as coal, oil, or natural
gas is burned creating heat. This heat source, Q,, heats the water to a high temperature and pressure, creating high quality steam
(going from a liquid to a vapor condition or state). 'This high quality steam in its high pressure and temperature state carries a
great deal of energy. This high energy steam flows into a steam turbine, causing the steam turbine to spin (a steam turbine can
be likened to a pin wheel being spun by wind blowing over it-in our case it’s a steam turbine with high energy steam blowing
over it). The steam turbine is connected to an electric generator, which generates electricity while spinning. As the steam passes
through the turbine section, it transfers much of its built up energy to the turbine to do the work, W, of turning the generator.
It loses much of its pressure and temperature. As it exits the turbine, the steam is now at too low of an energy value to be useful
anymore so it is run through a condenser. A condenser literally reduces the temperature by rejecting heat, Q,, and consequently
the pressure of the steam further until it changes its state back to liquid water. This is done to reclaim and recycle the water by
pumping it back into the boiler using a condensate return pump, W, Now, some of the waste steam is lost out of the condensers
as the steam is converted back to liquid. Supplementary water must be added to the condensate return line to make up for this
loss.

As a side note, a primary difference in today’s modern power plants is the way in which the heat for water vaporization is
generated (i.e. how the water is heated to make steam). In other words, the energy to fire the boiler may come from a nuclear
reaction (fission), burning coal, oil, natural gas, or even from solar radiation. But, no matter how the boiler is brought up to
temperature, it’s all about boiling some water.

UNDERSTANDING POWER PRODUCTION
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Knowledge Certification Quiz: Lesson 1

1 In your own words, describe William Rankines power cycle.
2. List the four major hardware components needed for the Rankine Cycle.
A.
B.
C.
D.
3. True or False: The Rankine Cycle consumes its’ own working fluid.
4. Define the term Thermodynamics.

Extra Credit Question:

Would it be possible to use a different fluid, other than water, as the working fluid for the Rankine Cycle?
Your answer should include some reasoning as to why water is used as the working fluid.

I certify that I have answered all certification quiz questions correctly and am ready for the next lesson.

Your Signature Date

10 UNDERSTANDING POWER PRODUCTION
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Approximate Lesson
Duration: 20 min.

Lesson 2: ldealized Rankine Cycle

In this lesson, the student will be introduced to some of the basic thermodynamics involved with the Rankine Cycle.

The Rankine Cycle is an idealized cycle that is defined and compared to the operation of the actual steam turbine cycle. As we
have discussed briefly, the major components of this closed loop are the boiler or steam generator, steam turbine, condenser,

and feedwater pump.

If you look at pressure/volume and temperature/entropy phase diagrams for water, you will see the characteristics of water
converting from a liquid phase into a combination liquid/vapor region after crossing over the saturated liquid line. When it
crosses the saturated vapor line, it is now in the pure vapor, or superheated steam region. This is important to know as it is the

basis for the Rankine Cycle.

Critical Point

NN

Superheat or Vapor Region

0

Liquid and Vapor Mixture \

Liquid
Region

Saturation Line

5

Figure 1.11: T-s diagram of steam-water phase change

Critical Point

Saturation Line

Superheat Region

Liquid and Vaper Mixture \\

v

Liguid

Region/

Figure 1.12: P-v diagram of steam-water phase change
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Figure 1.13: Typical schematic of the Rankine Cycle

All four components associated with the ideal Rankine Cycle are steady-flow devices, and thus all four processes that make
up the Rankine Cycle can be analyzed as steady-flow process. The kinetic and potential energy changes of the system flow are
small relative to the heat and work items, so they are not addressed. The energy analysis of the four components is as follows:

Pump (process 1-2): Pump pressurizes the liquid water coming from the condenser prior to it going back into the boiler.
The energy balance in the pump is:

W, =h, -h, (Work into the pump = enthalpy* at position 2 — enthalpy at 1).

Boiler (process 2-3): Liquid water enters the boiler and is heated to superheated state while in the boiler. The energy balance
in the boiler is:

q,, = h, - h, (Heat energy added to boiler = enthalpy at position 3 - enthalpy at 2).

Turbine (process 3-4): Steam from the boiler, which has an elevated temperature and pressure, expands through the turbine
to produce work and then is discharged to the condenser with relatively low pressure. The energy balance in the turbine is:

W,=h, - h, (work output of turbine = enthalpy of position 3 - enthalpy at 4).

Condenser (process 4-1): The low pressure steam coming out of the turbine is condensed back to liquid water in the
condenser. The energy balance in the condenser is:

q,,. = h, - h, (heat rejected by the condenser = enthalpy at position 4 - enthalpy at 1).

*Note: If you have not studied enthalpy yet, it is the measure of total energy of a thermodynamic system. It is accomplished
by finding the energy state (enthalpy) of high-interest points in the system. Measured temperature/pressure values from those
points are applied to a steam table, which provides the enthalpy values for those specific points. All points are then added up
to yield the total energy of the system. Further study should be undertaken to become knowledgeable about this topic.

UNDERSTANDING POWER PRODUCTION
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If we interlay these ideal processes on P-v and T-s diagrams, we see how they transition the water/steam saturation line.

Saturation Line ,
Saturation Line _onstant Pressure »
2 3
i T
2 /
4
4 : /1
' s

Figure 1.14: Property Diagrams of the Rankine Cycle

For the whole cycle: The ideal energy balance can be obtained by summing up the 4 energy equations, we just looked at, into
the following:

(q,-9q,) - (W- WP) = 0 ((Heat input into boiler —heat rejected by the condenser) — (Work the turbine does — work that
condensate return pump does)).

Thermal Efficiency: This is the ratio of work done in the cycle to the heat added to the cycle.
W h,—h,+h —nh
[
nT — cycee %100 = 3 4 1 2
9ada hy—h,

Note: In practice, we do not have an ideal cycle, due to irreversibilities in various components, namely friction and heat loss.

Fluid friction causes pressure drops in the boiler, condenser, and connecting pipes. To compensate, the water needs to be
pumped to a higher pressure.

Heat loss from the steam to the surroundings takes place when steam flows through various connecting pipes and
components. To maintain the same work output, more heat must be transferred to the steam in the boiler.

So, you will see ideal cycle layouts on a property diagram when learning about this in the classroom. Keep in mind that the
layouts will be slightly different when using real data rather than ideal calculations.

Because we are using real equipment and a real cycle, we use steam tables to identify the properties of the steam at the
different states throughout the cycle.

UNDERSTANDING POWER PRODUCTION
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Knowledge Certification Quiz: Lesson 2

1. Looking at a T-s or P-v diagram for water phase change, you see water going through three phase
changes as it is heated. What are they?

2. As the process crosses the saturation line into the vapor region, what condition is ultimately desired to
yield the best quality of steam?

3. In an ideal Rankine Cycle, there are 4 processes that are analyzed. What are they?

4. Analysis relies on knowing enthalpy states at different positions in the system. From your classroom
work, what is enthalpy?

5. What can you use to identify the properties of steam, including enthalpy values, at different states
throughout the cycle?

I certify that I have answered all certification quiz questions correctly and am ready for the next lesson.

Your Signature Date

UNDERSTANDING POWER PRODUCTION
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Approximate Lesson
Duration: 25 min.

Lesson 3: Understanding the RankineCycler™

Upon completion of this lesson, the student will have solid, hands-on experience running a steam turbine electrical
generation station called RankineCycler™. The RankineCycler™ will be thoroughly introduced, including all com-
ponents that make up the actual system, its integrated data acquisition system and virtual instrument panel. From
there, operating the steam turbine power system will allow the student to experience and study the important perfor-
mance parameters such as; fuel energy density, boiler heat flow, energy conversion efficiency, system mass flow rate,
turbine work rate, generator output/efficiency, condenser efficiency, total system efficiency.

RankineCycler™

LT

Figure 2.1: RankineCycler™ System Features

UNDERSTANDING POWER PRODUCTION
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Focus 1: Introducing the RankineCycler™ Steam Turbine
Power System in Detail

Imagine taking a full-size steam turbine electrical generation plant and shrinking it down to fit on a desk-top. Now you have
a better idea of what this system is all about. All of the major components that make up a full-scale unit are replicated to this
small scale that still allows the system to be operable.

System Item Descriptions:

Locate each item on the RankineCycler™ System and perform the action indicated. Be sure you understand how each individual
function works before moving on to the next.

Liquid Propane (L.P.) Cylinder: Liquid Propane is the
desired fuel source as it is readily available, convenient
to use, portable, and has 2.5 times the energy density of
natural gas.

Action: Locate L.P. tank. Notice it is connected to the
RankineCycler™ through a hose setup which feeds boiler
system burner. It features and on-off valve and a pressure
reduction regulator. Since the pressure inside the L.P.
tank is higher than what is required by the system burner,
the regulator reduces the tank feed pressure to a factor the
burner can handle.

Figure 2.2: 20 Ib. Propane Cylinder with Regulator

UNDERSTANDING POWER PRODUCTION
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Steam Generation Boiler : ASME Certified dual pass,
flame tube water boiler system. This boiler heats water,
converting it to high quality steam for driving the steam
turbine (discussed later). Shell and tube configuration
with operable front inspection opening, fire tube blower

Action: If the system is not in operation (OFF) and

is COOL, open the boiler door to reveal the boiler
construction and flame tube layout. Notice the burner
fan and tube mounted in the door, as well as the exhaust
pipe. Right on top of the unit, you’ll notice a gold-
colored device; this is a pressure blow-down valve. It
automatically relieves pressure in the boiler if the pressure
goes beyond the normal operational setpoint. On the
front left, you will see a pressure gauge.

Boiler Site Gauge : Visibly indicates the water level

in boiler. It is equipped with two adjustable position
bezels for marking boiler water levels of interest during
operation.

Action: Notice each position bezel on the front of the site
gauge. Each has a knob that you can adjust by turning it
one way or another to loosen or tighten in place. Adjust
the top bezel by unscrewing the knob just enough to
allow the bezel to slide up and down in the site glass
window. Position it where you want and then tighten

the knob to secure the bezel to that position. You will be
repositioning both of these during operation to signify
the water levels (start and finish) when you operate the
system.

Figure 2.4: Boiler Site Gauge

UNDERSTANDING POWER PRODUCTION
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Steam Admission Valve : The Steam Admission Valve
controls the steam flow into the turbine.

Action: Locate the steam admission valve. The red hand
wheel will be slowly opened during the operation of the
system to allow steam to flow in a controlled manner into
the steam turbine. Grasp the wheel with your hand and
turn it counter-clockwise. This is opening the valve. Turn
it until it is fully opened. Then turn it clockwise until it is
fully closed.

Figure 2.5 Steam Admission Valve

Steam Turbine : Impulse Micro Steam Turbine driven by
steam flow.

Action: Locate the steam turbine and trace the steam line
coming into it from the steam admission valve.

Figure 2.6: Steam Turbine

UNDERSTANDING POWER PRODUCTION
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Figure 2.7: Impulse Steam Turbine Wheel

Figure 2.8: Steam Turbine CAD Cutaway

Impulse Steam Turbine Wheel : Detail views are shown.

Action: Since you cannot see into the actual turbine,
these pictures show you the turbine wheel as it is situated
in the housing. The CAD model shows how steam enters
into the housing and impinges on the turbine wheel,
causing it to spin. The turbine wheel is connected to and
spins a shaft which ultimately drives the electric generator
(next slide).

Steam Turbine CAD Cutaway :

1. Steam enters inlet port.

2. Steam flow forced through slits in
stator ring (purple), impinging
on turbine blades, spinning turbine
wheel (red).

3. Steam exits turbine to condenser.

e 1 O COPT,
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ek '3

Figure 2.10: Condenser Tower

Four Pole AC/DC Electric Generator : As mentioned
above, this is driven by the steam turbine to generate
electricity. It is set up for single phase electrical power
output. It has 4 magnetic poles in its rotational assembly.

Action: Locate the generator and notice the drive shaft
connection between the steam turbine and generator.
On the generator face, notice the two connection points
that can be used to power something with a small power
requirement (5 to 10 watts). You will find that one
connection point will output alternating current, the
other direct current.

Condenser Tower : The condenser tower provides
cooling to the waste steam so that it will change phase
back to a liquid. In a full-scale plant, this reclaimed
condensate would be pumped back into the boiler. The
ultra-small scale of RankineCycler™ makes returning the
condensate to the boiler impractical.

Action: Look into the top of the condenser. You will see
a series of baftle plates in the unit. These plates direct the
waste steam along the outer skin of the condenser. This
large skin surface provides a heat exchange capability with
the cooler outside air. This is considered an air-cooled
condenser. On the lower backside of the condenser,

a drain hose is placed to drain off condensate that is
collected during system operation.

20
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Data Acquisition Computer : Connects to the unit’s data acquisition system via the built in USB port. Displays and
captures operational data for real-time display and analysis.

Action: If unit is not on, turn it on and then open the RankineCycler™ Virtual Instrument Panel. Review the screen and
familiarize yourself with the elements that are displayed on the screen. These will be the real time pressure, temperatures,
flows and outputs the data acquisition system will be recording.

Turbine Technologies, Ltd. [ 9:54:30 AW | RankineCycler Steam Turbine Power Sys!'mr:Tu

Quick Operation

Stop Program = =

Log Data to File See Opesator's
Manual prier o operation,
Familiartzation with the
jed Procedures™
sedion & required.

PRESTART Check List

8. Visual Inspection
& Check Fuel Tank
\ i b, Check Bumer
s ] ©. Check Baller
Prﬁ(i:l(’;'lllil = =X = . Check Boiler Presture

— = —rw— ’
Temperature Units B - - P &, Eheck Sight Slass
b [ 1. Check Steam Acd Valve:
. Chaek Steam Line
. Check Operstor Ranel
9, Draen Condenser Tower
10. Close and Latch Front

EUREY F—
0025 05 05 1

Figure 2.12: Virtual Instrument Panel
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Focus 2: Pre-Operation Data Gathering

In preparation for system operation and data analysis, answer the following questions:

1.) Liquid Propane (LP) is vaporized and used as boiler burner fuel. What is the energy content per unit volume of
gaseous LP?

2) If system flow meter measures gaseous LP flow at 6 liters/min to boiler burner, what is steady state energy
consumption per hour?

3.) The boiler is shell and tube style construction. Calculate the available volume for water in the boiler given the basic
construction dimensions.

Main Shell External Length = 29.85 cm # oo ",
Main Shell Wall Thickness = 0.198 cm
End Plate Outside Diameter = 20.32 cm
End Plate wall thickness = 0.318 cm

Main Flame Tube Outside Diameter = 5.08 cm

16 Return Pass Flame Tubes Outside Diameter = 1.90 cm

UNDERSTANDING POWER PRODUCTION
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Locate the water level in the boiler if it is filled with 5,500 ml of water.

(Sketch location)

Will there be space unoccupied by water?
If so, how much volume? O
Will any of the flame tubes not be covered by water? Q O O (-“'

Number? O O O O
" O O

If so, what is the significance of this?

Barometric Pressure

What is the present barometric pressure in your area?
Why would barometric pressure be important when planning to operate the Rankine Cycler?

What will be your reliable source for accurate barometric pressure readings?

UNDERSTANDING POWER PRODUCTION
Copyright © 2013 by Turbine Technologies, Ltd.
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=
l@ Knowledge Certification Quiz: Lesson 3

1. Locate the Components without looking back at your notes:
A) Boiler System

B) Boiler Water Level Sight Glass

C) Steam Admission Valve

D) Turbine Genset

E) Cooling Tower.

F) DAQ Computer

UNDERSTANDING POWER PRODUCTION
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L= B

2. What is the boiler fuel for powering the RankineCycler™?

3. If boiler is filled with 5500mL of water (assuming empty boiler to start with), will there be space unoccupied
by water? If so, how much volume?

4. Will any of the flame tubes not be covered by water? Number? If so, what is the significance of this?

5. How can current atmospheric pressure be easily obtained?

I certify that I have answered all certification quiz questions correctly and am ready for the next lesson.

Your Signature Date

UNDERSTANDING POWER PRODUCTION

25
Copyright © 2013 by Turbine Technologies, Ltd.



BOOK 1: Understanding Power Production - Classroom / Lab Work

Approximate
Lesson Duration:
45 min.

Lab Session 1: System Operation

Purpose:

Conduct start-up, operation, data gathering and shut down of RankineCycler™ Steam Turbine Power System.

Procedure:

Utilize RankineCycler™ Operators Manual and follow Section 4.2 Expanded Normal Procedures to perform system start-up,
operation, data acquisition and shut down.

Utilize the data acquisition system to capture the operational values from startup to shut down which is covered on pages 27 and
28 (also covered in Section 4.2.3 Data Collection of the operators manual).

Be sure to record the following data during the run:

Steady State Start Time:

Steady State Stop Time:

Initial Boiler Fill Amount:

Amount of Steady State Run Boiler Water Replaced:

Amount of Condensate Collected from Condenser:

UNDERSTANDING POWER PRODUCTION
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Data Acquisition:

Recording and using your data properly is an important part of successfully completing the lab.

Operation of Lab Unit

From Windows, OPEN the RankineCycler™ Software by double-clicking on the RankineCycler™ 1.0
shortcut icon located on the Windows Desktop. RankineCycler™ 1.0 will start with the Main Display/
Control and Channel Configuration Window displayed.

Turbine Technologies, Litd.

Quick Operation

31 Ty RankoneCyeler™ .
: . 3 | QuickChecks
Log Data to File 3 oo X0 s | NOTE: See Operator's
h 2 - & o) = | Manual prior 1o operation,

il j - = !rmwum:mlmne
1ﬁﬁ ‘ Imag. b - . = - | Eﬂ).iﬂ!ﬂ oedures”
; : —_— ] # = iimlnn i required,
v

Plot Da
Sensor Calibr&io

Sampling Frequency
5 Samples/sec

Pressure Units

__ R

Temperature Units
ich

Fuel Flow Units
(Limin)

| PRE.START Chack List

| 1. Is area safc for operation
|2, Lock Caster Whiels

|3, Keyed Mastas Switch OfF
|4, Bumner Switch OFf

|5, Lo@d Swicth Off

|6, Load Rheostat Full COW
| 7. Oparator Panel Gas

| Valve O

| B Vigual Impection

& Chack Fuel Tank

| b Check Bumer

& Check Boiler

(. Check Boller Presiure
Ga

| Gauge

| &, Check Sight Glass

. Check Steam Add Vakee
| g Check Steam Lines

 h. Check Operstos Panel
|9, Draun Condenser Tower
110. Closs and Lateh Front
| Door

|11, Open Steam Add Vale
|12, Deain Boiler Completely
| 13. Fill Boiler 203 oz 16,000
) maximum juse Beaker

| proviced)

|14, Sterw Fill Equipment
|15. Close Steam Add Vabve
|16, Connect Computer

| System USE Cable

Dag e
| 17. Comnect RankaneCycler
| Electrical Service

To start logging data, press Log Data to File Button
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BOOK 1: Understanding Power Production - Classroom / Lab Work

’ E E ologie () 9:23:19 AM 7/124/2013 P P P s e FPao P P
Fuel Flow Boiler : Boiler Quick Operation
IDTJ] — y RankineCycler™ -
] a " 300+ QuickCheck® =
End Data Log - S - - -
= - : B 2 | @ Choose or E:ﬂer path of file to open I - - l . —
rt Screen Image - | Savein: || RankineCycler - & ¥ = M-
Plot Data * T= Mame B Date modified Type Size
. i ':'} ¥ | RankineCall 3/6/201111:54 PM  Coenfiguration sett... 1KB
nsor Calibration H ) | RecentPlaces  &\gankineConfigbata 2/27/20119:45PM NI Configuration ... 506 KB
] & -1 =] RankineCycler 1.0 3/6/201111:56 PM  Application 1,341 KB
Desktop
pling Frequency & = I =
1 Samplelsec i JJ;:|
Pressure Units Libraries
(PSIG)
mperature Units |Z| ﬂk‘;
© Computer
Fuel Flow Units
(Limin) E| @
f Metwork
Pressure  Temperature Fie neme: - |
S 300 Save as type, g All Fles (") <] [ concel |
751252 200 E— —
:zyl'l.sf 100- - I * ose Steam alve
Lr e LA - Frr o
-0.11 PSIG 18C -0.04 18C 0133V I|III 0.0008; !IIII 17.C9nneclR_ankineCy(lel il
Turbine Inlet Turbine Exit 0 5 10 15 0 025 05 075 1 Electrical Senice
. Enter a File Name where indicated, then click OK and the dialogue box will close. The program will
send data to this file.
. To stop saving data, click End Data Log button.
. To retrieve the data file;
L. click on My Computer
2. select the C Drive
3. select Users folder
4. select Public Documents
5. select Rankine
6. select File Name you had chosen.
. When importing the file into a spreadsheet program for analysis, you may have to look under All Files.
28 UNDERSTANDING POWER PRODUCTION
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Approximate
Lesson Duration:
45 min.

Lab Session 2: RankineCycler™ Data Run Plots

Purpose:

Graphically plot RankineCycler™ Run Data in preparation for system analysis and performance calculations to be conducted
in Lab Session 3.

Procedure:

Follow the instructions starting on page 2 of this lab procedure to plot system run data.

Plot the following, utilizing MS-Excel Spreadsheet Program:

. Fuel Flow vs. Time

. Boiler Temperature vs. Time

. Boiler Pressure vs. Time

. Turbine Inlet/Outlet Pressure vs. Time

. Turbine Inlet/Outlet Temperature vs. Time
. Generator DC Amps Output vs. Time

. Generator DC Voltage Output vs. Time

. Turbine RPM vs. Time

Print out plots and order them as listed.
Mark the steady state start and stop window on each plot.

Choose and mark an analysis point at a specific time somewhere within the steady state window. This will be the basis for your
steady state, steady flow system performance analysis calculations.

From your plots (specific time mark) and data collected from system run, please record the following:

Atmospheric Pressure
Initial Boiler Fill Amount
Fuel Flow

Boiler Pressure
Boiler Temperature
Turbine Inlet Pressure
Turbine Inlet Temperature
Turbine Outlet Pressure
Turbine Outlet Temperature
Steady State Condensate Amount
Steady State Boiler Water Use

UNDERSTANDING POWER PRODUCTION
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Importing: Getting Data Into Microsoft Excel

A convenient way to analyze RankineCycler™ performance data is to graph the data points using MS-Excel Spreadsheet. To
do this, the ASCII data captured during the lab data acquisition must be imported into Excel.

Open: MS-Excel on computer desktop

Click: File

Click: Open

Click: C-Drive

Click: Users\Public\Public Documents\Rankine

Click: “All Files” under “Files of Type”

Select: The File Name You Assigned in “Log Data to File”
Click: Next (In Text Import Window, Step 1 of 3)

Click: Next (In Text Import Window, Step 2 of 3)

Click: Finish (In Text Import Window, Step 3 of 3)

= 0 ® N gk e N

e

Your data will now be in spreadsheet form.

eo0o M 1618 Factory Run 2
Bﬁ@ﬁ@%%&‘—\«'«L"Z'%O'%'E& lﬂﬂ%zl;@ (o\' Search in Sheet
| & Home I Layout | Tables ‘ Charts ‘ SmartArt ‘ Formulas | Data | Review |
Edit E Font E Alignment E Number Format Calls
%, @ v [calibi@ody)  [+[12 [+||As| A~ (| = | = =] |abc | ) WrapText = :|General |* o %I' )
: —_— : > =
paste (ACear~ ([ B| I U| Merge - EREAENETIE:) fennciicnal e I E\Em Delete  Format
e 22 Formatting
Al i @ @ (- fx| Rankine -
| | B I 4 I D I E I F I G I H I 1 I J I K L I M I N I [+] I -] I Q I R I 5=
Rankine 2/13/13 2:09:33PM
2
[ 3 |Time (sec) | Boiler Temps Turbine Inlet Turbine Exit ' Boiler Pressu Turbine Inlet Turbine Exit Fuel Flow (L/ Generator (R Voltage (Volt Current (Am| Power (Watts)
| 4 | 514.662 105.881 13.245 13.542 70171 o -0.037 5.307 59.87 0.132 0.001 o
[ 5 | 515.662 106.255 13.269 13.508 70.409 -0.001 -0.037 5.308 100.064 0.131 0.001 o
| & | 516.663 106.451 13.195 13.516 70.785 -0.001 -0.037 5.307 59.945 0.131 0.001 o
[ 7 | 517.663 106.896 13.272 13.471 71077 o -0.037 5.308 100.024 0.131 0.001 o
[ 8 | 518.663 107.101 13.239 13.469 71474 o -0.037 5.307 59.817 0132 0.001 o
L 519.663 107.365 13.217 13.488 71761 0.001 -0.036 5.307 55.826 0.132 0.001 o
(10 | 520.663 107.785 13.262 13.46 72.109 o -0.036 5.308 55.931 0.131 0.001 o
[11 | 521.662 108.102 13.262 13.489 72.348 0.001 -0.036 5.31 100.06 0.131 0.001 o
(12 | 522.662 108.338 13.21 13.432 727 0.001 -0.037 5.312 55.833 0.132 0.001 o
[13 | 523.662 108.637 13.219 1347 73.043 0.001 -0.036 5.311 59.826 0.132 0.001 o
(14 | 524.662 108.941 13.211 13.538 73.346 0.001 -0.036 531 55.927 0.132 0.001 o
[15 | 525.662 109.332 13.303 13.438 73.593 o -0.036 5311 100 0131 0.001 o
|16 | 526.664 1058.523 13.204 13.455 73.586 0.001 -0.036 5.314 59.83 0.132 0.001 o
(17 | 527.664 109.942 13.266 13.462 74.314 0.001 -0.037 5.312 100.038 0.131 0.001 o
|18 | 528.664 110.196 13.217 13.455 74.613 0.002 -0.036 5.311 100.064 0.131 0.001 o
[19 | 529.664 110,518 13.246 13.442 74.54 0.001 -0.035 5.314 559.936 0.131 0.001 o
[ 20 | 530.664 110.848 13.264 13.468 75.173 0.001 -0.036 5.312 100.022 0.131 0.001 o
[ 21 | 531.664 111.042 13.182 135 75.561 o -0.035 5.312 '99.889 0.132 0.001 o
[ 22 | 532.664 111.37 13.206 13.446 75.894 o -0.037 5313 59.828 0.132 0.001 o
|23 | 533.665 111.683 1321 1347 76.168 o -0.036 5.309 59.821 0.132 0.001 o
[ 24 | 534.665 112.027 13.186 13.408 76.553 0.001 -0.035 5.305 55.841 0.132 0.001 o
| 25 | 535.665 112.352 13.19 13.388 76.868 o -0.036 5.302 59.851 0.132 0.001 o
i 536.665 112.643 13.18 13.431 77.173 0.001 -0.037 5.303 55.842 0.132 0.001 o
| 27 | 537.665 113.052 13.201 13.405 77423 0.002 -0.036 5311 99.9 0131 0.001 o
[ 28 | 538.667 113.333 13.156 13.473 77.748 o -0.036 5.311 55.943 0.132 0.001 o
| 29 | 539.666 113.656 13.171 13.481 78.112 o -0.035 5.307 100.058 0.131 0.001 o
| 30 | 540.666 114.034 13.168 13.466 78.508 0.001 -0.036 5.308 100.053 0.131 0.001 o
[ 31 | 541.666 114373 13.185 13.402 78.769 o -0.036 5.305 55.834 0.132 0.001 o
| 32 | 542,666 114,768 13.206 13.414 79.135 0.001 -0.035 5.306 100.032 0.131 0.001 o
[ 33 | 543.666 115.048 13.167 13.387 79.475 0.002 -0.036 5.304 59.862 0.131 0.001 o
| 34 | 544.666 115.347 13.189 13.398 79.737 0.001 -0.036 53 59.838 0132 0.001 o
| 35 | 545.666 115.742 13212 13378 80.093 0.001 -0.036 5.295 59.984 0.131 0.001 o
i 546.666 115971 13.147 13.466 80.368 o -0.036 5.301 55.986 0.131 0.001 o
| 37 | 547.666 116.387 13.239 13.414 80.63% o -0.035 5.302 59.931 0.131 0.001 o
| 38 | 548.666 116.6 13.139 13.468 81021 o -0.035 5.306 100.013 0.131 0.001 o
| 39 | 545.666 116,901 13.14 13.434 81.347 o -0.037 5.31 99.869 0.132 0.001 o
[ 40 | 550.666 117.291 13.164 13.373 8173 0.002 -0.035 5.308 99.962 0.131 0.001 o
[ 41 | 551667 117.584 13175 13.428 81975 0.001 -0.035 5.306 100.07 0131 0.001 o
| 42 | 552.667 117.832 13.144 13.407 82.303 0.001 -0.035 5.308 59.811 0.132 0.001 o
[ 43 | 553.667 118.18 13.153 13.443 82.629 o -0.036 5.304 100.095 0.131 0.001 o
| 44 | 554.667 118.408 13.115 13.457 82.963 o -0.034 5.303 59.961 0.131 0.001 o
45 555.667 118.7 13.121 13.381 83.357 1] -0.036 5.303 55.832 0.132 0.001 o
[[14 < % »i [ 1618 Factory Run | + ] ' (i
|Normal View | Ready Sum=0 - | ] P
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Graphing: Using Microsoft Excel to graph data

006 ’ M 1618 F“m: R 0y First we need to remove rows 1 and 2
B H o HE R - - - i . . .
DESH® D e @ 0 B8 Q@ S Pr- from the data import. This will make
# Home | Layout | Tables | Charts l SmartArt | Formulas | Data | Review | | A TE~ h h d h .
Insert Chart . Insert Data 7 Chart Quick Layouts Chart Styles grap lng the data much easier.
T S R Select the 1 to highlight all of row 1, and
AL £ @ © [ fx] Rankine - hold the shift key and select row 2.
| y - | C f—| E| E [ H | | ¢ B
ankine 13/13 2:09:33 PM
This will highlight the entire contents
Cut X et Turbine Exit Boiler Pressu Turbine Inlet Turbine Exit. Fuel Flow (L/ Generator (R Voltage (Volt Current (Al . .
Copy ®C 45 1352 70471 0 0037 5307 9987 0132 000 of row 1 and row 2. Right click on the
Paste 13.508 70.409 -0.001 -0.037 5308 100.064 0.131 0.00 . .
) 13.516 70.789 -0.001 -0.037 5.307 99.945 0131 0.00 selection and hit delete
Paste Special... ~38V 5 134m 7107 0 003 5308 100.024 0131 0.00
13.469 71.474 [ -0.037 5.307 99.817 0132 0.00
13.488 71761 0.001 -0.036 5.307 99.826 0132 0.00
13.46 72.109 [} -0.036 5.308 99.931 0.131 0.00
13.489 72.349 -0.001 -0.036 531 100.06 0131 0.00
13.432 727 0.001 -0.037 5312 99.833 0132 0.00
Format Cells... 81 13.47 73.043 -0.001 -0.036 5311 99.826 0132 0.00
) 13.539 73.346 -0.001 -0.036 531 99.927 0132 0.00
Row Height... 03 13498 73593 0 0.036 5.311 100 0131 0.00
Hide 04 13.455 73.986 0.001 -0.036 5.314 99.83 0132 0.00
Unhide 66 13.462 74314 -0.001 -0.037 5312 100.038 0.131 0.00
217 13.455 74.613 0.002 -0.036 5311 100064 0.131 0.00
529.664  110.519 13.246 13.442 74.94 0.001 -0.035 5.314 99.936 0131 0.00
530.664  110.849 13.264 13.468 75.173 -0.001 -0.036 5312 100022 0.131 0.00
531664 111042 13.182 135 75.561 [] -0.035 5312 99.889 0132 0.00
532.664 11137 13.206 13.446 75.894 [} -0.037 5313 99.828 0132 0.00
533665 111683 13.21 13.47 76.168 0 -0.036 5.308 99.821 0132 0.00
534.665 112027 13.196 13.408 76.553 0.001 -0.035 5.305 99.841 0132 0.00
535.665 112352 13.19 13.388 76.868 0 -0.036 5.302 99.851 0132 0.00
536.665  112.643 13.18 13.431 77.173 0.001 -0.037 5.303 99.842 0132 0.00
@00 1618 Factory Run by You should now have a spreadsheet that
s :x el = o 05 B & T - by (Q- (search in Sheet I » looks like this.
| # Home | Layout | Tables | Charts l SmartArt | Formulas | Data | Review | | ~ L8~
Insert Chart : Insart Data Chart Quick Layouts Chart Styles We are nOW read_y tO begln graphlng
‘Sparklines | Select  Switch Plot : :
t D @ (- fx| Time (seq) v
I s e s s U s s T i st st | e s st o s s s s e s | —
Boiler Tempe Turbine Inlet Turbine Exit * Boiler Pressu Turbine Inlet Turbine Exit Fuel Flow (L/ Generator (R Voltage (Volt Current (A1
105.881 13.245 13.542 70.171 [} -0.037 5.307 99.87 0.132 0.00
106.295 13.268 13.508 70.409 -0.001 -0.037 5308 100.064 0.131 0.00
106.451 13.195 13.516 70.789 -0.001 -0.037 5.307 99.945 0.131 0.00
106.896 13.272 13.471 71077 [ -0.037 5308 100.024 0.131 0.00
107.101 13.238 13.469 71474 [ -0.037 5.307 99.817 0.132 0.00
107.365 13.217 13.488 71761 0.001 -0.036 5.307 99.826 0.132 0.00
107.785 13.262 13.46 72.109 [ -0.036 5.308 99.931 0.131 0.00
108.102 13.262 13.489 72.349 -0.001 -0.036 531 100.06 0.131 0.00
108.338 13.21 13.432 727 0.001 -0.037 5312 99.833 0.132 0.00
108.637 13.219 13.47 73.043 -0.001 -0.036 5311 99.826 0.132 0.00
108.941 13.211 13.538 73.346 -0.001 -0.036 531 99.927 0.132 0.00
109.332 13.308 13.498 73.503 0 -0.036 5311 100 0.131 0.00
109.523 13.204 13.455 73.986 0,001 -0.036 5314 99.83 0.132 0.00
109.942 13.266 13.462 74314 -0.001 -0.037 5312 100.038 0.131 0.00
110.196 13.217 13.455 74613 0.002 -0.036 5311 100.064 0.131 0.00
110.519 13.246 13.442 7404 0,001 -0.035 5314 99.936 0.131 0.00
110.849 13.264 13.468 75.173 -0.001 -0.036 5312 100.022 0.131 0.00
111,042 13.182 135 75.561 0 -0.035 5312 99.889 0.132 0.00
11137 13.206 13.446 75.894 [ -0.037 5313 99.828 0.132 0.00
111.683 13.21 13.47 76.168 0 -0.036 5.308 99.821 0.132 0.00
112.027 13.196 13.408 76.553 0.001 -0.035 5.305 99.841 0132 0.00
112.352 13.19 13.388 76.868 [} -0.036 5.302 99.851 0.132 0.00
112.643 13.18 13.431 77.173 0.001 -0.037 5303 99.842 0132 0.00
113.052 13.201 13.405 77.423 0,002 -0.036 5311 999 0.131 0.00
113.333 13.156 13.473 77748 [] -0.036 5311 99.943 0132 0.00
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BOOK 1: Understanding Power Production - Classroom / Lab Work

800 1618 Factory Run e
i @E@X%ﬁ@'kﬁ' (Qx (search in Sheet ) »
| # Home | Layout | Tables I Charts I SmartArt | Formulas | Data | Review | | o~ L~
Insert Chart Insert Data g Chart Quick Layouts : Chart Styles
Al Sparklines | Select Switch Plot
Al 10 @ ([ fx| Time (seq) -
: | B C D E s s s s U s | s o | 1 [ ) [=]
Time (sec)  Boiler Tempq Turbine Inlet Turbine Exit ' Boiler Pressu Turbine Inlet Turbine Exit | Fuel Flow (L/ Generator (R Voltage [\
514.662 105.881 13.245 13.542 70171 0 -0.037 5.307 99.87 0.1
515.662 106.295 13.269 13.508 70.409 -0.001 0.037 5.308 100.064 0.1
516.663 106.451 13.155 13.516 70.789 -0.001 0.037 5.307 99.945 0.1
517.663 106.896 13.272 13.471 71077 0 0.037 5.308 100.024 0.1
518.663 107.101 13.239 13.469 71474 0 0.037 5.307 99.817 0.1
519.663 107.365 13.217 13.488 71761 0.001 0.036 5.307 99.826 0.1
520.663 107.785 13.262 13.46 72.108 0 0.036 5.308 99.931 0.1
521.662 108.102 13.262 13.489 72.348 -0.001 0.036 5.31 100.06 0.1
522.662 108.338 13.21 13.432 727 0.001 0.037 5.312 99.833 0.1
523.662 108.637 13.219 13.47 73.043 -0.001 0.036 5.311 99.826 0.1
524.662 108.941 13.211 13.539 73.346 -0.001 0.036 5.31 99.927 0.1
525.662 109.332 13.303 13.458 73.593 0 0.036 5.311 100 0.1
526.664 109.523 13.204 13.455 73.986 0.001 0.036 5.314 99.83 0.1
527.664 109.942 13.266 13.462 74314 -0.001 0.037 5.312 100.038 0.1
528.664 110.196 13.217 13.455 74.613 0.002 0.036 5.311 100.064 0.1
525.664 110.51% 13.246 13.442 74.54 0.001 0.035 5.314 99.936 0.1
530.664 110.84% 13.264 13.468 75.173 -0.001 0.036 5.312 100.022 0.1
531.664 111.042 13.182 13.5 75.561 0 0.035 5.312 99.889 0.1
532.664 111.37 13.206 13.446 75.894 0 0.037 5.313 95.828 0.1
< 4+ »i 7] 1618 Factory Run J + I i
| Normal View Ready A
= 1618 Factory Run "
Ej & H @ g6 Ly D & ) @ (@ ("search in Sheet ) »

Select

Switch Plot

Chart Quick Layouts

Chart Styles

Home | Layout Tahlzs' Charts 'Smarmn | Formulas | Data | Review | | A -

Sparklines
a1 slmom e fx| Time (seq) -
Scatter [ D E [ F [ [ H [ 1 ]l =
2t Turbine Exit " Boiler Pressu Turbine Inlet Turbine Exit  Fuel Flow (L/ Generator (R Voltage [\
° 3] 9 L4 r 70171 o 0.1
e ﬂ j‘,& ] 13.508 70.409 -0.001 -0.037 5308 100.064 0.1
= ‘e - 5 13.516 70.789 -0.001 -0.037 5.307 595.545 0.1
Marked Scatter Smooth Straight 3 13471 710717 0 0057 5308 100.024 0.4
Marked Scatter Marked gcatter g 13.469 71474 o 0037 5.307 99.817 01
7 13.488 71761 0.001 -0.036 5.307 59.826 0.1
2 13.46 72.109 o -0.036 5.308 99.931 0.1
/‘\ 2 13.489 72,349 -0.001 -0.036 531 100.06 0.1
1 13.432 7.7 0.001 -0.037 5.312 59.833 0.1
] 13.47 73.043 -0.001 -0.036 5.311 595.826 0.1
Swralght Lined 1 13539 73 -0.001 -0.036 531 99.927 04
Scmwer 3 13.458 73.593 0 -0.036 5311 100 0.1
Stock 4 13.455 73.986 0.001 -0.036 5314 99.83 0.1
B 13.462 74.314 -0.001 -0.037 5.312 100.038 0.1
7 13.455 74613 0.002 -0.036 5.311 100.064 0.1
b k ke ! ) { iy mﬁﬂﬂ mﬁ\m 13.442 74.94 0.001 -0.035 5.314 99.936 0.1
a4 13.468 75173 -0.001 -0.036 5.312 100.022 0.1
- 2 135 75.561 o -0.035 5.312 59.88% 0.1
High-Low- Open-High- Vol-High- Vol-Open- 5 13.446 75.894 0 0.037 5313 95,828 0.1
Close Low-Close Low-Close High-Low
¥ Run | + [
Surface 4
& &
¥ || 42 || 150
3-D Surface  Wireframe 3-D Contour Wireframe
Surface Contour
Doughnut
i N A%

H Save as Template...

For this example, the Time and Boiler
Temperature column data will be
plotted.

Highlight the columns of data desired
for the graph.

Select the A at the top of column A, and
hold the shift key and select the B at the
top of column B

This will highlight the entire contents of
column A and column B. Don’t worry
about the words in the columns, excel
will deselect those automatically and use
them for labeling.

Click Charts in the menu bar.
Click the Insert Chart icon.
Scroll down to the Scatter section.

Select the Smooth Lined Scatter.
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@00 1618 Factory Run '
ﬁ ﬁ E @ % E Q} 15 - @1~ 2 ol ﬁ/ " E ﬁ ﬁ 100% ‘;Q' Search in Sheet ;' »
A Home | Loyowt  Tables | Charts . Chartlayout | Format | Smartart | Fommulas | Data | Review | [~ %
Change - Insert Sparklines. Data : Chart Quick Layouts : Chart Styles :
5 =mE | ole
Column Win/Loss | Select  Switch Plot N ==
100 (A& 2
B | € [ o [ E [ F T & [ W [ 1 [ J [ K T L [ ™M ] =
oiler Tempg Turbine Inlet Turbine Exit  Boiler Pressu Turbine Inlet Turbine Exit Fuel Flow (L/ Generator (R Voltage (Volt Current (Amj Power (Watts)
2 514662  105.881 13.245 13542 70171 [ -0.037 99.87 0132 0.001 [
515.662|  106.295 13.269 13508 70.408 -0.001 -0.037 5308 100064 0131 0.001 [
4 516.663 106.451 13.195 . 13.516 70.789 -0.001 -0.037 307 99.545 0.131 0.001 0
5 517.663|  106.896 1272 [7 V[0
| | SESEl T BT Boiler Temperature (C) 0
7 519.663|  107.365 13.217 [
8 520.663|  107.785 13.262 250 n
9 521.662|  108.102 13.262 Format Chart Area...
10 | s22662| 108.338 13.21
11 523.662 108.637 13.218 200 Change Chart Type...
12 | saa662| 108.941 13.211 Save as Template...
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The graph will be placed over the top of
your existing spreadsheet.

Right click on the chart and select Move
Chart.

Within the Move Chart window select
New Sheet.

Label the new sheet the same as the
chart title, Boiler Temperature.
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The graph will now be open in a new
spreadsheet window.

Click Charts from the top menu bar
again.

Click Layout 1 in Chart Quick Layouts
section. This will add Axis Titles to your
chart.

Click and label the x-axis as Time (s)
and the y-axis as Temperature (C)

For this data, the time does not start
until 514 s, and ends at 1818 s.

Right click on the x-axis and select
Format Axis.
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We need to set the x-axis minimum and
maximum values to 514 and 1818.

Click OK and the axis should be
formatted correctly

This same process can be done to the
y-axis if needed.

Add gridlines to the data to make it
easier for reading datapoint values.

Right click on either axis and add major
gridlines, minor gridlines, or both.

Do this the same for both axes.

If both gridlines are being used, it
is sometimes nice to have the major
gridlines a different color.
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Now, we need to repeat the previous
process over and over until all the data
has been graphed. Fortunately, there is a
shortcut to finish the remaining graphs.

We have 10 more columns of data for
this example, so we will need to make 10
more graphs. Since all of our graphs will
be using Time (s) for the x-axis, we can
make a copy of the Boiler Temperature
graph and update the y-axis accordingly.
By making copies, we ensure that all of
the graphs will be in a similar format.

Right click on the Boiler Temperature
tab at the bottom of the screen and select
Move or Copy.

Click the Create a copy checkbox.
Click OK.

A second copy of our Boiler
Temperature graph has been made.
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Right click on the new tab Boiler
Temperature (2) and select Rename.

Change the name of the copy to match
the title of column C in the spreadsheet.

In this case the name was changed to
Turbine Inlet Temp.

Now all that is left is to change the
source data for the graph.

We need to make our new graph plot
the correct y-axis values that correspond
with Turbine Inlet Temp.

Right Click on the blue line and click
Select Data.
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Click on column C to select that data for
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Before closing the source data window,
we need to update the Name of the chart
so that it correctly displays the title from
column C.

Click on the Name icon to select the
proper cell from column C that contains
the name of the column.

In this case we need to click on cell C1.

Hit enter to confirm the source and it
will take you back to the Select Source
Data window.

In this case, we want to keep Time (s) for
the x-values so that source does not need
to be updated.

Hit OK to apply the source changes that
we have made.

The data and chart key should now
be updated to show the Turbine Inlet
Temperature graph.

The last step of the copy process is to
change the chart Title to Turbine Inlet
Temperature (C).

We now have a graph for the Turbin
Inlet Temperature data.

This copy process can be repeated

to produce graphs for all columns of
data. You may need to re-adjust the x
and y-axis minimums/maximums to
correspond with the new data points.
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Approximate
Lesson Duration:
45 min.

Lab Session 3: System Analysis

Purpose:

To perform system performance calculations using First Law Energy Conservation Equation for Steady State, Steady Flow
Conditions (SSSF). The data for these calculations come from the information plotted and recorded in Lab #3.

Procedure:

Analyze each component listed and perform the calculation requested.

Boiler (SSSF)

Calculate heat flow out of boiler. How does this compare with measured LP gas flow to burner? Assume: No condensate
pumped back into boiler, Changes in Kinetic and Potential Energy are negligible.

Turbine / Generator (SSSF)
Find the Work rate of the Turbine and Efficiency of Electric Generator
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Condenser (SSSF)
What is the total heat flow rate out of the system at the condenser?

Assume changes in Potential and Kinetic Energy are negligible.

What is the Condenser Efficiency during SSSF?
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BOOK 1: Understanding Power Production - Classroom / Lab Work
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Voltage Power
Amperage

Generator

System Mass Flow Rate (m)
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BOOK 1: Understanding Power Production - Classroom / Lab Work

Using Steam Tables, gather state data for each point of interest in the system:

1. Boiler
Measured P =
Measured T, =
Table v, =
Table h, =
Table u =
Table S, =

2. Turbine Inlet
Measured P .=
Measured T, =
Table Vo =
Table h, =
Table u, =
Table Spn =

3. Turbine Outlet
Measured p .=
Measured T.,.=
Table Voo =
Table h .=
Table u, =
Table s, =

Tout

4. Condenser Inlet (Use Tout Data)

Measured P, =
Measured T, =
Table Ve, =
Table h, =
Table u, =
Table S. =

5. Condenser Outlet (to atmosphere)

Measured P .=
Measured T.,.=
Table Veou =
Table h .=
Table U =
Table s. =

Cout
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