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Session #1 System Overview

Rankine Cycler™ Lab Experiment Manual

Lab Session #1: System Overview and Component ldentification

Purpose: To gain an understanding of the Rankine Cycler System as a whole
and details of each component making up the system. This will prepare you for
the next lab session in which you will operate the system.

Liquid Propane (L.P.) Cylinder
Fuel used to power boiler

Steam Generation Boiler

A dual-pass, flame tube system.

If system is cool, open boiler door to
reveal boiler construction and flame tube
layout. Also note burner fan and tube
mounted in door.
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Session #1 System Overview

Boiler Sight Gage

Indicates Water Level in Boiler
Equipped with two adjustable
position bezels for marking boiler
water levels of interest during
operation.

Steam Admission Valve
Controls Steam Flow into Turbine

Steam Turbine
Impulse Micro Steam Turbine driven by
steam flow

Impulse Steam Turbine Wheel / Housing
Detail View
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Session #1 System Overview

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.

Four Pole AC/DC Electrical Generator
Driven by turbine to generate electricity.

Condenser Tower

Unit condenses turbine waste steam
back to liquid. In a full-scale plant,
condensate would be reclaimed and
pumped back to boiler. Ultra small scale
of Rankine Cycler makes returning
condensate impractical.

Data Acquisition Computer
Connects to unit’s data acquisition
system via USB port. Displays
and captures data for operation
and analysis.
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Session #1 System Overview

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

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.

00
000
10000
0000
UO{}

Main Shell External Length = 29.85 cm

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

17 Return Pass Flame Tubes Outside Diameter = 1.90 cm
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Session #1 System Overview

Locate the water level in the boiler if it is filled with 6000 ml of water.
(Sketch location)

Will there be space unoccupied by water?

If so, how much volume?

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

Barometric Pressure

What is the present barometric pressure in your area?
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Session # 2 System Operation

Why would barometric pressure be important when planning to operate the
Rankine Cycler?

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

Rankine Cycler™ Lab Experiment Manual

Lab Session #2: System Operation

Purpose: Conduct start-up, operation, data gathering and shut down of Rankine
Cycler Steam Turbine Power System.

Procedure:

Utilize Rankine Cycler™ 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 (covered in Section 4.2.3 Data Collection).

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:
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Session # 3 System Data Run Plots

Rankine Cycler™ Lab Experiment Manual

Lab Session #3: Rankine Cycler Data Run Plots

Purpose: Graphically plot Rankine Cycler Run Data in preparation for system
analysis and performance calculations to be conducted in Lab #4.

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:
e 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
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Session # 3 System Data Run Plots

DATA ACQUISITION (See Operators Manual, Section 4.2.5 for more details).

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 5 Il
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.

RankineCycler 1.0

Turbine Technologies, Ltd. RankineCycler Steam Turbine Power Systemm

Quick Operation

RankineCycler™ =
3 b QuIKKChek®
Log Data to File A0 000 g NOTE See Operator's
> - 3 2 Manual prior to operation.
L = 3 Fa-llwbgl with the
4 1 J | s < “Bxpanded Procedures”
EXpoflscies i e e 2 Y % o Z section is required,

4.\ § A % ) :
Plot N < - PRE-START Check List
D S— - | 1. Is ares safe for operation

A ) = 2. Lock Caster Wheels
Sensor Calibration & 3. Keyed Master Switch Off
N N 4. Bumner Switch Off

5. Load Swicth Off

6. Load Rheostat Full COW

7. Operator Panel Gas
" " Valve Off

eque d 'y o 8. Visual Inspection
sag\msyswmy e = L s v . Check Fuel Tank
— =y H i ‘b.(huk&mm
Pressure Units > A I ] . Check Boller
(kPa) 4 D & d. Check Boiler Pressure

- = e ] > wm—ar ] Gauge
Temperature Units )oale A < o ¥ = o, €. Check Signt Glass
A 1. Check Steam Add Valve

ol = ’ 1 g. Check Steam Lines

Fuel Flow Units . - B - : " h. Check Operstor Panel

(Uimin) X 9 T Y i 2 o 9. Drain Condenser Tower
= ~ = Q) - > 10. Close and Latch Front

"
T 11. Open Steam Add Valve
12. Drain Boiler Completely
13, Fill Boiler 203 0z 16,000
ml) maximum (use beaker

mom,
o \

provided)

14. Stow Fill Equipment
15. Close Steam Add Valve
16. Connect Computer

3000
Generator RPM
100RPM

e Generator Voltage s - DAQ System USB Cable
104 kPa . 18cC [y === Faoa) 17. Connect RankineCycler

" Turbine Inlet Turbine Exit Blecifical Service

To start logging data, press Log Data to File Button
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Session # 3 System Data Run Plots

Turbine Technologies, Ltd. [ 11143 P | RankineCycler Steam Turbine Power Systcmm

Fuel Flow Boier
Pressure

o ES B

A 5 Orocse or evter path of e 1o cgen -

= : = L
L e O "
Yeame = Doe mossed

~» 0703 Factaey Bn 208 207 I

e
/‘ Pacert Paces 0T84 Fachory Fm AN 114 AN
' |

Q) LankneCentgOoms 20008 1043 M

‘ w1 212011 1038 A
= + e NViebneyde 2252001 933 A

A

P I b Brrves ond et (AL B T (gndes |

I - o test 201 80 AN
. 2 ParkneCall LA 2
Cwidtcp
{ nay

¢ | 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;

click on My Computer

select the C Drive

select Users folder

select Public Documents

select Rankine

. select File Name you had chosen.

e When importing the file into a spreadsheet program for analysis, you may
have to look under All Files.

ok E
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Session # 3 System Data Run Plots

Importing Acquisition Data into MS-Excel Spreadsheet

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)

Your data will now be in spreadsheet form.

crosoft Fxcel - PDAQ

(] Ble Edt wew (st Fomat Iools Data vondow  Help @ X
DEEHsE SRY L&k - @&z -5 {mE 2 -0 - B J U = E e H AL P
Al v £ Time
A 8 (i} D E | G H I | J K L M N (a] Sl
1 [Time ate BP TINP TOUTP BT TINT TOUTT DC-A DC-Y  Fuel Flow Turbine b
2 PSIG PSIG PSIG ac oc ac AMPS VOLTS  LTRSMIN Turbine
3 | 10:24:41 9M10/2004 1.16E+02 9.23E+00 4.59E+00 1.75E+02 1.13E+02 1.20E+02 2.04E-01 6.01E+00 7.02E+00 2.01E+03
4 | 10:24:45 9M10/72004 1.16E+02 9.23E+00 4.20E+00 1.76E+02 1.13E+02 1.20E+02 2.05E-01 G.05E400 7.01E+00 2.02E403
5 | 10:24:49 9102004 1.16E+02 8. 2Z3EHD AE9EHID 1.75E+02 1.13E+02 1.21E+02 2.06E-01 B.07E+00 7.01E+00 2.03E+03
6 | 10:24:53 94102004 1.16E+02 3. 23E+0 4.59E+ID 1.75E+02 1.13E+02 1.21E+02 2.05E-01 6.04E+00 7.00E+00 2.03E+03
7 10:24:57 94072004 1.16E+02 9.23E+00 4.20E+00 1.75E+02 1.13E+02 1.21E+02 2.04E-01 B.02E+00 7.01E+00 2.02E403
8 | 10:25:01 9102004 1.16E+HIR2 9.23EHO 499E-HI0 1.75EH2 1.13E+02 1.21E+02 2.04E-01 5.99E+10 7.01E+400 2.01E+03
9 | 10:25:06 94102004 1.16E+02 3.24E+00 4.59E+00 1.75E+02 1.13E+02 1.21E+02 2.03E-01 B.00E+00 7.02E+00 2.01E+03
10 10:25:08 9402004 1.16E+02 9.24E+0 4.50E+00 1.75E+02 1.13E+02 1.22E+02 206E-01 6.0BE+00 7.01E400 2.03E+03
11 | 10:25:13 94102004 1.15E+12 9.24E+H0 4A9E-+10 1.75E+02 1.13E+02 1.22E+02 2.05E-01 B.03E+00 BE.99E+00 2.02E+03
12 10:25:117 94072004 1.15E+02 9.24E+0 4.59E+0D 1.75E+02 1.13E+)2 1.22E+)2 204E-01 6.01E+00 B.9SE+I0 2.02E+03
13 | 10:35:21 9402004 1.15E+02 9.21EHD 4.58EH0 1.75E+02 1.13E+02 1.22E+02 2.00E-01 5.8BE+00 BE.97E+00 1.97E+03
14 10:26:25 94102004 1.15E+02 9.14E+0 4.56E+HD 1.76E+02 1.13E+02 1.22E+)2 195E-01 5.81E+00 B.95E+00 1.96E+03
15 10:25:29 9/0/2004 1.15E+02 9.12E+H0 4.54E+00 1.75E+02 1.13E+02 1.22E+02 198E-01 5.82E+00 7.00E+00 1.96E+03
16 | 10:25:33 9402004 1.15E+02 9.11EHD 4S4EHD 1.75EH2 1.13E+02 1.22E+02 1.89E-01 5.85E+00 B.99E+00 1.97E+03
17 10:25:37 9A10/2004 1.15E+02 9.10E+H0 4.55E+00 1.75E+02 1.13E+02 1.23E+02 1.97E-01 5.61E+00 7.00E+00 1.96E+03
18 10:25:41 9402004 1.15E+02 9.10EH0 4.53E+00 1.75E+02 1.13E+02 1.23E+02 197601 5.81E400 7.00E400 1.96E+03
19| 10:25:45 94102004 1.15E+12 9.089EHD 4.52EHI0 1.75E+02 1.13E+02 1.23E+02 1.97E-01 5.80E+400 7.01E+400 1.96E+03
20 | 10:25:49 9/10/2004 1.15E+12 9.09EH0 4.52E+ID 1.75E+02 1.13E+02 1.23E+02 1.97E-01 56DE+00 7.02E+00 1.96E+03
(21 | 10:25:53 941072004 1.15E+02 9.09E+00 4.52E+00 1.75E+02 1.13E+02 1.23E+02 197E-01 5£.7BE+00 7.02E+00 1.96E+03
22 | 10:25:57 89M02004 1.15E+12 9.08EHD 452EH0 1.75E+02 1.13E+02 1.23E+02 1.86E-01 57BE+10 7.01E+00 1.96E+03
23 10:26:01 9102004 1.15E+02 9.08EHI0 4.51E+00 1.75E+02 1.13E+02 1.2dE+02 1.96E-01 5.7SE+00 B.99E+00 1.96E+03
24 | 10:26:06 902004 1.15E+H12 S.BEHD 451E+00 1.75E+02 1.13E4H02 1.24E+02 1.87E-01 5.80E+00 B.97E+00 1.96E-403
25 10:26:09 9102004 1.15E+02 9.07EHI0 451E+00 1.75E+02 1.13E+02 1.24E+02 1.97E-01 5.51E+00 B.98E+00 1.97E+03
26 10:26:13 9102004 1.15E402 9.07E+H0 451E400 1.75E4+02 1.13E+02 1.24E+02 1.98E-01 5.82E+00 7.00E400 1.97E+03
27 | 10:26:17 91022004 1.15E+02 9.07E+D0 4.51E+DD 1.75E+02 1.13E4H02 1.24E+02 1.897E-01 5.82E400 7.01E-400 1.97E+03
26| 10:26:21 9A10/2004 1.15E+02 9.07E+H0 4.50E+00 1.75E+02 1.13E+02 1.24E+)2 1.97E-01 5.62E+00 7.00E+00 1.97E+03
29 10:26:25 9410/2004 1.15E+02 9.07E+00 4.50E+00 1.75E4+02 1.13E+02 1.25E+02 1.97E-01 5.82E+00 7.01E+00 1.97E+03
30 | 10:26:29 9102004 1.15EHR 9.06EHD 4.50E+00 1.75E+02 1.13E+H02 1.25E+12 1.91E-01 5.64E+00 7.01E400 1.91E413
31| 10:26:33 941072004 1.15E+12 9.06E+H0 4.50E+ID 1.75E+02 1.13E+02 1.25E+02 1.78E-01 5.26E-+00 7.02E+00 1.81E+03
32 | 10:26:37 9A10/2004 1.15E+02 S.06EHID 4.49E+00 1.75E+02 1.12E4H02 1.25E+02 1.72E-01 5.06E+00 7.02E+00 1.75E+403
33| 10:26:41 9102004 1.15E+12 9.06EHI0 4.49E+10 1.75E+02 1.13E+02 1.25E+02 1.69E-01 4.99E+00 7.02E+00 1.74E+03
4« » n\PDAQ/ |«l
Draw> [} Autoshepes~ . % [J O E] 4 €31 2 d-L-A-==FE0 6.

“CiFoko
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Session # 3 System Data Run Plots

Graphing Data using MS-Excel Spreadsheet Graphing Function

rosoft Excel - Factory Run

W) pe Em Yew [t Fgmat Todk Data Wndow teb

DEEIU SRY & - @x-4 @ 2w -0 - BZUEESSES%E _->-A-
c1 - A BP

0 E St Wasardf H T J K [ ]
|i(Tme  Dste [BP JTn  TOu FUELFLOAMPS VOLTS BOILERT(T in Tamp, T Out Tem Tower Bot Tower Mid Tower Top
| PSGII PSG PSIG_ LTRSMINDC  DC oc oc  oc_o¢ oc oc
135330 6202005 128601 206E.01 402601 -414E03 2 44E.04 -1.22E.05 65IE01 2256401 230E+01 2 44E-01 2 T7E+01 229401 3
135334 6200005 128601 204E.01 325E01 -4.16E03 365E-04 -1 22E.05 65IE+01 2266401 230E+01 2 44E-01 2T7E+01 2.29E 401
135330 6202005 1 3BED] 204E01 316EQT -4 18603 0.00EH00 244E05 654E+01 2266401 2.29E+01 2 44E+01 2 VEADT 2.29E+01
136342 6202005 -163E01 205601 IAGEQ! -4 54E03 -1 22604 -1 22605 654E+01 2266401 20E+01 2 4E+01 2 T7E+D1 2.29E+01
135346 6202005 -1 2BEQ1 207601 3ABEQT -4 9563 244504 305605 654E+01 2266401 2 0E+01 2 44E+01 27401 2.29E+01 . . .
135350 6202005 -1 34E1 204501 IEDEQ! -4 BEDI 244504 244E05 6 54E-01 2266401 2 0E+01 24401 2 T7E4D1 2.29E+01
9| 135354 5202005 1B3ED1 204501 IASED! 4G7E3 2 44E04 122605 65401 2266401 230E+01 244E=01 27401 2.29E+01 H Ighllght COIU mns Of data deSII'Ed fOf
135358 6202005 -1 59601 203601 34BEQ! -4B5E-03 -1 22604 305605 654E+01 2266401 2296401 24401 2 T7E4D1 2296401 i .
135402 6202005 173601 203601 34SEQ! 590E-01 DO0EH0 -1 63E0S 654E+01 2266401 2 0E+01 2 44ED1 27401 2.2BE+01
135406 6202005 159601 200501 34BEQ! 421E+00 B5E04 122605 660E01 2356401 2 33E+01 2456401 2.3BE401 2.29E+01 graph . For th IS exam ple, the Tlme
135410 6202005 -1 7ED] 202601 347EQ! 555E400 BSED4 16IEQ5 6626401 2385401 2 ME01 2456401 2305401 2.29E 01
135414 6202005 10101 203E01 347EQ1 S87E+00 244504 305E05 662E+01 2365401 2 ME401 2456401 2385401 2. 29E 01 .
5| 135418 6202005 193EQ1 205501 3SIEQ] 594E400 2 44E04 1.83E.05 66IEQ1 2395401 234E01 2456401 239E401 2.2BE401 and BP Column data Wl” be plotted'
135422 6202005 587601 205501 347EQ1 597E400 244504 163605 663EWT 2395401 2 MEW01 2456401 2 3BE401 2.28E401
135426 6202005 101EA00 202601 34501 6O0E400 732604 305605 6B4EW01 2395401 2 MEW01 2456401 2 3E401 2. 26E401
135430 6202005 1446400 204501 347E0) 601E+00 6 10E04 1.22E.05 6BSE+Q1 2395401 234E+01 2 45E+01 2 38E+01 2.2BE401
19| 135434 5202005 1956400 202601 347ED| 602E400 7 32E04 122505 6GIEQT 2395401 2 4E01 2 456401 2 38E401 2.2BE401
20| 13543 6202005 2396400 200E01 347E01 B3I+ 4BAED4 30SE05 672E+01 2395401 234E+01 245601 2395401 2 2BE01
121 135442 6202005 263E400 205E01 344E01 6OIE+00 4BBED4 122605 6756401 2395401 24E+01 2456401 2385401 2276401

13:54:46 6202005 335E400 203601 344E01 602E+00 4B88E04 163E05 679E+01 239E+401 234E+01 245E+01 23BE+01 227E+401

13,5450 6202005 3B1E400 200E-01 344E01 B02E+00 610E04 183E05 682E+01 239E+01 234E+01 245E+01 23BE+01 227E+401

1354:54 6202005 430E+00 203601 341E01 602E+00 B54E.04 D00E+00 685E+01 239E+01 234E+01 245E+01 23BE+01 2.27E+01

13:5458 6202005 4B4E+00 201E01 343E01 BO2E+00 4BBE04 183E05 6IE+01 239E+01 234E+01 245E+01 23BE+01 227E+401

1366102 6/202005 5356400 199E:01 344E01 602E+00 366E-04 0.00E+00 694E+01 239E+01 234E+01 245E+01 23BE+H01 2 27E+01

135506 6/20/2005 5976400 202601 345E01 BO1E+00 6.10E:04 0.00E+00 6.99E+01 239E+01) 2.34E+01 2 45E+01 23BE+01 227E+401

13:55:10 6202005 BSSE+00 199E-01 346E01 6.01E+00 610E-04 0.0E+00 7 04E+01 239E+01 234E+01 245€+01 23BE+01 2.27E+401

13:56:14 6202005 716E+00 202601 346E01 BO1E+00 B54E-04 163E-05 7.09E+01 2.39E+01 234E+01 245E+01 23BE+01 227E+401

13:55:18 6202005 7768E+00 202601 345601 B02E+00 7.32E04 122E05 7.14E+01 239E+01 234E+01 245E+01 23BE+01 2 26E+01

1355122 6/20/2005 BAE400 200E01 343E01 602E+00 610E-04 O00E+00 719E+01 239E+01 2.34E+01 2 45E+01 23BE+01 226E+401

2| 135526 £/20/2005 9156400 201E01 3A7EQ1 602E+00 610E-04 0COE+00 7 25E+01 239E+01 2.34E+01 2 45E+01 23BE+01 2.26E+401

3] 4 201E01 3A1EO! 602E+00 732604 1.22E05 7.30E+01 2.39E+01| 2.34E+01 2 45E+01 230E+01) 2266401 -
» ¥ \Factory Run / [«f I ™

s b Agospes \ \OOEAQTE - L-A-===0F.

=T,

Sum=41100.92839

Microsoft Excel - PDAQ

T e £ vew et Fgmet [oos Data Wedow Heb .8 x
DEEIUNSRY & « - @az-4 [l 2 wm -0 - BZUEESEES%E _-d-A- "
C1 - A& BP
[ E F 4 ] T 7 K T ] [l ()
[Time  Date [BP__ITNP TOUTP BT  TINT TOUTT DC-A DC-V FuelFlow Turbine =
PSIG 1 PSIGC  PSIG  OC OC 0C  AMPS  VOLTS |LTRSMIN Tutbine

10:24:41 91072004 116E+012 9 23E+00 4.59E+00 175E+02 1.13E+02 1.20E+02 204E01 6.01E+00 7 (2E+00 201E+03
10:24:45 91072004 1. 16E402 9.23E+00 4.59E+00 175E+02 1.13E+02 1.20E+02 205601 6.0SE+00 7.01E+00 202E+03.
10:24:49 91102004 1.16E+02 9.23E+00 4.59E+00 1756402 1.13E+02 1.21E+02 206E-01 6.07E+00 7.01E+00 2.03E+03'
10:2453 91072004 116E+02 9 23E+00 4 59E+00 1.75E+02 1.13E+402 121E+02 205E01 6.04E+00 7.00E+00 203E+03
102467 51072004 1 16E+02 9.23E+00 4 59E+00 1756402 1136402 1.21E402 204E01 6.02E+00 7.01E+00 2026403
102501 91102004 1166402 9.23E+00 459E+00 1756402 113E+02 1.21E+402 204E-01 599400 7.01E+00 201E+03
:gig o :::x FEPID el Chart Wizard - Step 1 of 4 - Chart Type 8
102513 5/10/2004 1156402 9.24E+00 4 59E+00
1025:17 S/10/2004 115E402 9.24E+00 4 59E+00
102521 5102004 1156402 9.21E+00 4 5BE+C0
102525 9/10/2004 1 15E402 9.14E+00 & 55E400
102529 9102004 115E402 9.12E+00 & 54E400
10:25:33 51072004 1 15E402 9.11E+00 4 54E+00
10:25:37 91022004 1156402 9.10E+00 453E+00
10:25:41 51072004 1.15E402 9.10E+00 4 S3E+00
10:25:45 9/10/2004 1156402 S.09E+00 4 52E+00
10:25:49 91072004 1 15E402 9.09E+00 4 52E+00
| 2 10:25:53 9/1072004 1156402 S.09E+00 4 52E+00
1 22| 102567 9/10/2004 1156402 9 0BE+00 4 52E+00
123| 102601 9/10/2004 1156402 908E+00 4.51E+00
| 24| 10:26:05 9/10/2004 1156402 9 0BE+00 451E+00
| 2 102609 9/10/2004 115E+02 9 07E+00 4.51E+00

|1 5 P e
i b i e
L

Chart Type: Line
Chart Sub Type: Line (first one)
Next

Standard Types | Custorm Types |
Chart subtype:

10:26:13 91072004 1156402 9.07E+00 4 51E+00
10:26:17 9102004 1156402 9.07E+00 4 51E+00
10:26:21 9102004 1156402 9.07E+00 4 SOE+00
10:26:26 91072004 115E402 9.07E+00 4 SOE+00
10:26:29 91072004 115E+02 9.06E+00 4 SOE+0
10:26:33 91072004 1156402 9.06E+00 4 SOE+00
2| 10:26:37 9/10/2004 1156402 9.06E+00 4.49E+00

133] 10.26:41 9102004 1 15E+02 9.06E+00 449E-+00 y 07 TEIETT T 7R i
> whpoAQ/ l«l IS
o b oapeshwess N N\OJOBE AT Q@ &-2-A-=

Ready Su=17662.02065 N

licrosaft Excel - POAQ

H) pe kY et Fumat Doos Das Wrdow Heb
wMdEy SR B 0. |@
c1

M

] E G H 1
Date TINP  TOUTP BT TINT TOUTT DC-A DC-V  FuelFlow Turbine
PSIG PSIG oc oc oc AMPS  VOLTS  LTRSMIN Turbine
9.23E400 459E+00 175E402 1.13E402 1 20E+402 204E01 6.01E+00 7 02E+00 2 01E+03
9.23E400 4 59E+00 175E402 1 13E402 1.20E+02 205E01 6.05E+00 7 01E+00 2 02E+03
9.23E400 4.59E+00 175E402 1.13E402 1 21E+02 2 05E-01 6.07E+00 7.01E+00 2 03E+03
91072004 414 ggg :gg‘g Chart Wizard - Step 2 of 4 - Chart Source Data f
971072004} 1 16E402} 9 23E+00 4 S9E+00
1 16E+02) 9 24E+00 4 S9E+00
9/10/20041 1 16E+02: 9 24E+00 4 S9E+00
10/2004 11 15E 4021 3 24E+00 4 59E+00
115E402) 9 24E+00 4 S9E+00
1072004 1 1.16E+02; 9 21E+00 4 S5E+00
115E+02} 9.14E+00 4 S5E+00
107200431 15E402} 9 12E+00 4 S4E+00
115E+02: 9. 11E+00 4 54E+00
115E+02: 9. 10E+00 4 53E+00
115E+02: 9. 10E+00 4.53E+00
107200411 15E+02: 9.09E+00 4 52E+00
1.15E+02 9.09E+00 4.52E+00
1156402} 9 09E+00 4 52E+00
115E+02) 9.08E+00 4.52E+00
1156402} 9 08E+00 4 51E+00
1156402} 9 0BE+00 4.51E+00
411 15E+02} 9 07E+00 4.51E+00
411 156402} 9. 07E+400 4.51E+00
200411 15E402} 9. 07E400 4 51E400
0720043 1.15E402} 3 07E400 4 S0E+00
10/2004} 1.16E402} 9.07E 400 4 50E+00
25 1-16E+402} 9.06E+00 4 50E+00
10:265:33; 5/10/2004 {1 15E402} 9.06E 400 4 50E+00
10:25: 1.16E+402} 3.06E+400 4 49E+00
10:26:41} /10200411 15E 4021 9.06E 400 4.49E+00

Accept data range listed by
choosing: Next

P
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Session # 3 System Data Run Plots

Microsoft [xcel - POAQ I X

H) Be t® pew et Fomat Toos Data Wrdw teb -.8x
& W AV $ B0 [ i ZERE B S

(3] E G H T W (] () =
Time Date EP__ITNP  TOUTP BT TINT  TOUTT DC-A DC-V  Fuel Flow Turbine |
PSIG  PSIG  OC oc oc AMPS  VOLTS  LTRSMIN Turbine
1 1BE#02 9236400 459E+00 1756402 1.13E402 1 20E+02 204E01 B.O1EH00 7.026+00 201E+03
1 16E402 9 23E+400 4 59E+00 1 756402 1136402 1.20E+02 205601 6.05E+00 7.01E+00 2 02E+03
116E+02 9 23E400 4 S9E+00 175E+02 1136402 1 21E402 20601 6.07E+400 7.01E+00 2 03E+03
1 16E+02 9236400 459E+00 1756402 1136402 121E+02 205601 6.04E+00 7.00E+00 2 03E+03
116E+02 9236400 4 59E+00 1756402 1136402 1 21E+02 204E01 6.02E+00 7.01E+00 2 02E+03
116E402 9236400 4.50E+00 1 756402 1136402 1 21E+02 204E01 599E+00 7.01E+00 201E+03
116E+02 9 24E+00 459E+00 1756402 1136402 121E+02 203E-01 6.00E+00 7.02E+00 201E+03 H
1 1BE402 9. 24E+00 450E+00 1 756402 1136402 122E+02 205E-01 6.06E+00 7.01E+00 203E+03 Choose G raph Optlons and
115E402 924E400 4 59E+00 1756402 1 136402 1226402 205E-01 6.03E+400 6 99E+00 2 02E+03
1 16E402 9 24E400 450E+00 1756402 113E+02 1.22E+02 204E-01 601E+00 6.99E+00 2026403
116E402 921E400 4 58E400 1756402 1136402 1.22E402 200E01 5B8E400 6. 97E400 197E+03 Labels
115402 9.14E400 422 2 = o2
Chart Wizard - Step 3 of 4 - Chart Options

10:24:41 91072004

Tries | xes | Grdres | Legend | DotaLebes | Duata Tebie |

B Chart tte:

, [ — Bodler Pressue

. Category () axs: o
| ; i §
3| 102601 9102004 1156402 S0BE+00 4| wabom (v) 3s: § o =]
| 10:25:05 9/102004 116402 9.08E+00 fresee & uE S
5| 10,2609 9/102004 1 15E+02 9 07E+00 A e
5| 10:26:13 9/102004 1.16E402 9 07E+00 :

1156402 9.07E+00

1 16E+02 9 07E+00

1156402 9.07E+00

Y %4 14 R R 1R 2 5 1 e 0

Microsoft [xcol - POAQ =
Ele Edt Yew et Fomat Jooks Qata Widow tp 2
DEEIUSRY & « - @az-4 [l 2w~ -0 - BZUEEIES% FE I-2-4- 2
- £ BP
] E F G Gl T T ] [l G =]
EP__ITNP TOUTP BT  TINT TOUTT DC-A DC-V FuslFlow Tutine =

PSIG  PSIG  OC oc oc AMPS  VOLTS  LTRSMIN Turbine
1 1BE#02 9236400 450E+00 1756402 1136402 1.20E+02 204E01 BOIE00 7.02E+00 201E+03
1 16E402 9236400 459E+00 1 756402 1136402 1.20E+02 205601 6.0SE+00 7.01E+00 2026403
116E+02 9.23E+00 4 S9E+00 175602 1136402 1.21E402 206601 6.07E+00 7.01E+00 2 03E+03
1 16E+02 9236400 4.59E+00 1756402 1136402 121E+02 205601 6.04E+00 7.00E+00 203E+03
11BE+02 9236400 4.59E+00 1756402 1.13E+402 1.21E+02 204E-01 6.02E+00 7.01E+00 202E+03
1.16E402 9236400 4.59E+00 1 756402 1136402 121E+02 204E-01 599E+00 7.01E+00 201E+03
11BE+02 924E+00 4.59E+00 1 75E+02 1.13E+02 1.21E+02 203E-01 6.00E+00 7.02E+00 201E+03
1 BE402 9.24E+00 4.59E+00 1 756402 1.13E+02 122E+02 205E-01 6.0GE+00 7.01E+00 203E+03
115E+02 9.24E+00 4 59E+00 1756402 1136402 1.22E+02 205601 6.03E+00 6.99E+00 2026403
115E402 9.24E+400 4.53E+00 1756402 1.13E+02 1.22E+402 204E-01 6.01E400 6.99E+00 202E+03 .
1.16E402 9.21E+00 4 58E+00 1756402 1.13E402 1.22E402 200E01 5B8E+00 6.97E+00 1.97E+03
116E402 9.14E+00 4 556400 175E402 1136402 1.22E402 1.98E-01 5B1E+400 6.9GE+00 1.96E+03 Name G raph, ClICk as
1156402 9.12E400 4 54E400 1756402 1.13E402 1.22E402 1.98E-01 582E400 7.00E400 1.95E+03 ..
1156402 9.11E400 454E+400 1756402  1.13E402 1.22E402 1.93E-01 5B5E+00 6.99E+00 197403 N Sh t F h
1 15E402 9.1DE400 4 53E+400 1756402 1135402 1236402 1.57E-01 5B1E400 7.00E4C0 1.96E 403 ew ee y INIs
1.15E402 5.1DE400 4 53E400 1756402 1136402 1. 23E402 197601 581E400 7.00E400 195E+03
1 15E402 9.09E400 4526400 1756402 1135402 1 236402 1.97E-01 560400 7.01E400 1.96E 403
1 15E402 9095400 4526400 1 756402 1135402 1. 236402 1.97E01 5605400 7.02E400 1 96E 403
115E402 9.09E400 4 52E400 175E402 1 136402 1 23E402 1.97E:01 5 79E400 7.02E400 1 95E+03
1156402 9 08E+00
1156402 3 08E+00
1156402 9 08E+00
1156402 9.07E+00
118402 9 07E+00
1156402 9.07E+00

nttled - Part

£ Microsoft Excel - PDAQ FEK
) e ok vew et Fomat Lok Chat Mindow Heb - o
De@sY 8RY 1B »- @ 5 d-2-4-
~ A
Boller Pressure
1A7E402
1.16E402

1.15E402 \—W\_ A~
- \\\ Completed Boiler
S Pressure Graph

113402

1126402

:
e M

Pressure

1.10E+02
1.09E+02
1.08E+02
1D7E'0'2__________________________‘______
TERTCRTENYERTERTSS TENSENT SN SN TS
§EEEC888c00C08ECECE25¢8¢8¢8¢8¢8¢84d82¢8¢
Time

W 4 » ¥\Boiler Pressure (POAQ /
D [ Agoshpess N NCDJOE A RE &-2-A-

nttied - Part
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Session # 4 System Analysis

Rankine Cycler™ Lab Experiment Manual

Lab Session #4: 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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Session # 4 System Analysis

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?

Total System Efficiency (SSSF)
What is the electrical power output verses the fossil-fuel energy input?
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PN

Boiler (B)

Throttling
Valve

System Mass Flow Rate (m)

Session # 4 System Analysis

Generator

Condenser

Voltage
Amperage

To

V311

RankineCycler Sample Lab Procedure
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Session # 4 System Analysis

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

1. Boiler
Measured Py =
Measured Ty =
Table Vp =
Table hy =
Table Up =
Table Sp =

2. Turbine Inlet

Measured Pin =
Measured Trin =
Table VTin =
Table hin =
Table UTin =
Table STin=

3. Turbine Outlet

Measured Prout =
Measured Trout =
Table VTout =
Table hrout =
Table UTout =
Table STout =

4. Condenser Inlet (Use Ty, Data)

Measured Pcin =
Measured Tcin =
Table Vein =
Table hcin =
Table Ucin =
Table Scin=

5. Condenser Outlet (to atmosphere)

Measured Pcout =
Measured Tcout =
Table Vcout =
Table hcout =
Table Ucout =
Table Scout =
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