Mini-Lab Gas Turbine Power System ™

Sample Lab Experiment Manual

Lab Session #1: System Overview and Operation

Purpose : To gain an understanding of the Mini-Lab™ Gas Turbine Power

System as a whole and details of engine sensors and controls making up the
system. This will prepare you for operation of the system.

™

System shown with optional Hush Kit
Sound Suppressor System

Note: Sample lab does not replace Mini -Lab™ Gas Turbine Power System Operator’s
Manual. Please refer to manual for detailed system operational and safety instructions.




SR-30 Gas Turbine Cutaway
Engine Sensor Locations

. —Fuel Pressure
_—P3

RPM Tachometer Generator : (Displayed on Panel as RPM and Data Acquisition Screen).
P1: Compressor Inlet Pressure (Displayed on Data Acquisition Screen)

T1: Compressor Inlet Temperature (Displayed on Data Acquisition Screen)

P2: Compressor Exit Temperature (Displayed on Data Acquisition Screen)

T2: Compressor Exit Temperature (Displayed on Data Acquisition Screen)

P3: Turbine Inlet Pressure (Displayed on Panel and Data Acquisition Screen)

T3: Turbine Inlet Temperature (Displayed on Panel as TIT and Data Acquisition Screen)
P4: Turbine Exit Pressure (Displayed on Data Acquisition Screen)

T4: Turbine Exit Temperature (Displayed on Data Acquisition Screen)

P5: Exhaust Gas Pressure (Displayed on Data Acquisition Screen)

T5: Exhaust Gas Temperature (Displayed on Panel as EGT and Data Acquisition Screen)

Fuel Pressure : (Displayed on Panel)
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Mini-Lab ™ Gas Turbine Power System Control Panel

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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In preparation for system operation and data analys is, please answer the
following questions:

Determine the fuel you are using to power your system: JET A

| BT Ml
What is the energy content per unit volume of fuel? (2 5-"-"3"—’_-#5-. .28 b
&

=
Ji : .-%
0.8 3

What is the fuel's density per unit volume? _&: /& 53

Barometric Pressure

What is the present barometric pressure in your area?
TaLay A7 /S Fao. a¥ o Mg = dllald M. = V75 Fs)

Why would barometric pressure be important when planning to operate the Gas
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What will be your reliable source for accurate barometric pressure readings?

DWE SHcrRCE S5 Wk WONDESSgROLAND | Com
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System Operation

Purpose: Conduct pre-start, start-up, operation, data gathering and shut down
of Mini-Lab™ Gas Turbine Power System.

Procedure :

Utilize Mini-Lab ™ Operators Manual and follow Section 4.2 Expanded Normal
Procedures to perform system pre-start, 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 and also___covered in
detail on the next page of this sample lab ).
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DATA COLLECTION

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

NOTE: The following steps assume the use of the standard MiniLab Software
and default settings as supplied with the MiniLab. Use of non-default setting or
other software may necessitate alternative methods or procedures for data
collection. Consult the LabView/National Instruments
software specific information as required.

From Windows, OPEN the MiniLab Software by double- E
clicking on the MiniLab 1.1 shortcut icon located on the :
Windows Desktop. MiniLab 1.1 will start with the Main

Display/Control and Channel Configuration Window MiniLab 1.1
displayed.

NOTE: The computer must be connected to the MiniLab s s

USB port prior to opening the MiniLab software.

The MiniLab configuration software is dependent upon the specific DAQ Module
serial number as installed in the MiniLab and will not function properly if the DAQ
Module cannot be found. If this was done incorrectly, exit the program, attach
the USB cable and start over.

To verify that the software is communicating with the DAQ

Module, open Measurement and Automation from desktop. g

In menu tree, click on Devices and Interfaces , then, click on

NI DAQ 6218. This provides and verifies the proper serial Measurement

number for the on board DAQ system and also verifies that a
proper connection to that device is being made.

& Automation

Measurement and Automation
Launch Icon

TO PERFORM THE FOLLOWING FUNCTIONS:
* Virtual Instrument Panel Software Controls overview are on page 5

* Logging Data to File is shown on Page 6
» Displaying Plot Feature is shown on Page 6
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Overview of the Software Controls

Turbine Technsjogies Lid, MiniLab

1 Chick bution or stop sign to stop monitoring data. 8 Real time Temperatures and pressures.
2 Click to log data to & file 10 Teggle from T to F and Psig to kPa.

3 Toggles real time data plot on and off 11 Fusl fiow toggle from Lirshr or Galsihr.
4 Saves screen shot of all the data at any penod of tme. 12 Thrust toggle from M io Lbs.

& Allows reset of any sensor toit's "0" point

g Select sampling rate from 0.1 o 5 samples per second.

7 Displays real time Gas Turbine RPM

8 Plot area toggle this on or off, use the bottons to control the display
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Logging Data to a File and Displaying the Plot Feature

Turbine Technologies Ltd. MiniLab™
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2. Tolog data to a file for later viewing and analysis, click on the "Log Data to File” button and this
window will appear. Enter a file name and click "OK" and the file will be saved in "C:\Users\
Turbine Technologies". Click on it again to stop saving data.

3. Click on "Plot Data" and the following screen appears along with all the options for formatting
the graph. Data will be plotted at the selected sample rate(#5). The options are sensor
Selection, line style and background color and auto scaling for both X and Y axis.

Tu rbine Technologies Ltd. MiniLab™
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Mini-Lab ™ Gas Turbine Lab Power System Experiment Manual

Lab Session #2: Mini-Lab ™ Data Run Plots

Purpose: Graphically plot Mini-Lab™ Gas Turbine Run Data in preparation for
system analysis and performance calculations.

Procedure: Follow the instructions starting on the following pages of this lab
session to plot system run data.

Plot the following, utilizing MS-Excel Spreadsheet Program:
e Compressor Inlet/Outlet Pressure vs. Time
» Compressor Inlet/Outlet Temperature vs. Time
* Turbine Inlet/Outlet Pressure vs. Time
e Turbine Inlet/Outlet Temperature vs. Time
» Exhaust Gas Temperature (EGT) vs. Time
* Fuel Flow vs. Time
* RPMyvs. Time
e Thrustvs. Time
* Fuel Flow and Thrust vs. Time (on one plot)

Print out plots and order them as listed.

Choose and mark an analysis point __ on each plot for the same time point.
For this exercise, pick a spot where engine RPM is at or near its peak during the
data run. This will be the basis for system performance analysis calculations.

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

+ Date of Run: 26~ JAN - Zou)

s Time: 13i30 csr (S5¥. F8 AnALYiS FosnT)

« Atmospheric Pressure. /¥ 75 Fsy  30. 29 i Mg

+ Compressor Inlet Pressure: 2. 255 ps/a /S o pyia 2. 1889 MEy

« Compressor Exit Pressure: 22.5 g4 ., 37 zr_-,r“,q,,';__ 9. 2568 pii

« Turbine Inlet Pressure. _22.9: pyig, 37.7) psia 0. 2593 MF

» [urbine Exit Pressura: __ j. ga piia, M35 p5iq o, 027 MG

» Nozzle Exit Pressure L53 peig [6.BE oxis 8.1/ 22 M o

o FuelFlow. #2322 cpil 4. .37 &/ 0 '

o RPM: __ 7o Fop gPm 4

o Thrust /3.37 lb. g.oga ba. 5T.30N

« Compressor Inlet Témp-eralurﬁ’:r = tes T, MWFE 26305 ¥T7ReTR
« Compressor Exit Temperature: i 36% 275 dag jc% 7344752
¢ Turbine Inlet Temperature: ‘:_{:a',r'g_?_#’sﬂ F o2y S0 B2 &7 R
» Turbine Exit Temperature: S73<.  jops9% Bi¥i.si % j5Z3.&79

o EGT. 4Yo5%. 78/ 7F £78.5% /225 4798

7
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Importing Acquisition Data into MS-Excel Spreadshee t

A convenient way to analyze MiniLab 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\Turbine Technologies

Click: MiniLab

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

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.

EA Microsoft Excel - #0423 Factory Run

:I File Edit view Insert Format Tools Data  Window Help

Dedan LY $8 9- @ =-2 @A 2 -0 -|B LU B % =
ta £ ta i [@lie | @ W 2 Wi
H13 - A 1.713085
A B c e E 2 | J K E I L S|

1 [Time Date Comp Inlet Cornp Exit Turb Inlet Pre Turb Exit Press Mozzle Exit Pres Fuel Flow | k Thrust Comp Inlet Comp Exit Turb Inlet 1Turb Exit Te
2| P3IG PSIG |GalfHour  RPM \Lbs. oc ac oc ac

3 | 181263 2A16/20068 0.00 -0.07 0.02 0.02 0.03 0.02 499370 0.21] 12.41] 3160, a6.97 103,

4 | 18:12:66| 2A16/2006 0.00 0.01 0.09 0.03 0.04 002 701329 0.21] 1283 3162 a1.67 9.

G | 18:12:68 216/2006 0.00 014/ 0.22 0.04 0.05 1.44 936513 017 1288 30.90, 86.73 115,
6 | 18:13:02 2M16/2006 0.00 0.47 0.57 0.08 0.08 298 13648.39 013 12.67 3078 291.83 323

7 | 15:13:04) 2A16/2006 0.00 145 1.59 0.23 022 167 2119514 0.61 1270 3195 B2251 671

g | 15:13:07 2A16/2006 0.03 398 4.18 0.58 0.44 1.60 3483239 21 12.55 3610 §94.04 B37

9 | 15:13:10) 2A16/2006 0.12 7.26 741 0.95 0.66 1.70 46164.59 337 11.73] 4220 GF6.47 B97.
10 18:13:13) 2A16/2006 0.16 8.42 4.a1 1.08 0.71] 1.71) 60237.15| 4.00) 1082 4874 771.94 555,
11 181316 21162006 0.16 6.09 4.09 0.96 0.64 1.71 4938393 3.76] 1044 6044  705.67 B17.
12 181318 2A16/2006 0.18 7.84 7.89 0.94 0.65 71 4873086 .68 978 8117 B79.78 518
ﬂ 18:13:21 | 2A16/2006 0.18 7.80 7.90 0.93 0.65] 711 4866421 371 921 8213 B66.90 521
14| 15:13:24 2116/2006 0.16 7.86 203 0.92 0.65 71 48864 26 376 919 5337 B58.A1 522

15| 15:13:27 | 2162006 016 797 5.03 0.93 0.67 1.72 49153 46 377 9.42 5454 BRI 521
16| 15:13:30 2A16/2006 0.16 .06 8.12 0.95 0.67 1.72 4343048 306 941 5565 64283 520
17 | 18:13:33 2/16/20068 0.18 8.10 4.13 0.95 0.67 1.72 4961585 3.96 976 B6.85 63717 517,
18| 18:13:36 2A16/2006 0.16 8.16 8.24 0.97 0.72| 1.87 4974886 4.01 10.01] 6826 631.92 517,
19| 18:13:38| 21162006 0.20 11.41 11.67 1.40 120 265 6B351.25 6.10) .80 7031 BE2.44 541
20| 15:13:41) 2A16/20068 0.28 14.02 14.08 1.67 1.32| 281 B1814.77 728 948 8288  671.08 526.
21| 158:13:44 ) 2A16/2006 0.26 13.15 13.16 65 120 2.37 59894 84 673 6396 B4473 501

22| 15:13:47 | 216/2006 025 12.81 1287 153 1.18 2.37 5855798 B.44 890 8513 63334 495
23| 15:13:50) 2/16/2006 0.25 12.82 12.67 1.51 120 2.37 5946067 B.57 913 8636 627.13 492
24 | 15:13:53 2/16/2006| 0.25 12.82 12.85 1:51] 1.21) 2.37 59550865 6.52 9.1 B7.17| 62230 491
25| 15:13:65 2/16/20068 0.25 12.87 12.92 1.61 118 2.37 5858093 B.57 .18 B3.28 615.48 455
26| 18:13:65 2M16/20068 0.25 12.80 12.85 1.61 120 2.37 6562562 B.45 .21 B3.96  617.60 485,
27 | 18:14:01 | 216/2008 0.25 12.93 12.97 1.63 1.22| 2.38 55966565 6.74 .30 B9.86  G16.43 488
28| 15:14:04 ) 2A16/2006 0.25 12.94 12.95 1.85 122 2.37 59647 47 661 .10 8992 61361 485

29 | 15:14:07 | 2A16/2006 023 15.05 15.28 1.84 162 300 B277463 825 860 9513 63244 501
30| 15:14:10) 2A16/2006 0.33 h[ckek] 19.51 245 2.09 333 6954276 10.72| 876 10034  664.16 510.
M| 158:14:12) 216/2006 0.42 19:83 2001 246 2.08 320 7028555 1057 G849 10336 66373 498
20 ARALAE DAESOONE 04 A0 AR ET- V-7 1 — LT 5 anzl 290 EOORT AR 77 a2 inRen e on Ao T
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Graphing Data using MS-Excel Spreadsheet Graphing F

unction

E3 Microsoft Excel - #0423 Factory Run
@ He Bt Yew Dut Famst looh Daa Mndow tep

DEES8 SRY 8 o- @ = -4 @R 7 m

o] a9 @ o
Ef - 7 Turb Inlet Press.

B C [b] G H i & K L M N T
| [Time  Date  Gomp Inlst Cornp Exit[Turb Inlet Pri Turb Eit Press Nozzle Exit Pres Fuel Flow  k Thrust  Comp Inlet Comp Exit Turb Inlet 1Turb Exit Te—
3| PSIG PSIG PSIG PSIG PSIG Gal/Hour RPM Lbs. ot a C

15:12:53 2/16/2006 0.00. -0.07 0.02 0.02 0.03. 0.02  4993.70 021 1241 3160 86.97 103,
156:12:56 2/16/2006 0.00. oo 0.09 003 0.04. 0.02) 7013.29, o1 1253 3162 8187 99,
15:12:59 2/16/2006 0.00° 0.14 0.2 0.04 0.05 1.44 936513 047 1258 30.90 86.73 115.
5 | 16:13:02 2/16/2006 0.00° 047 0.57 0.08 0.08; 298 13648.39 013 1267 3078 291.88 323
15:13:04 2/16/2006 0.00° 1.45 1.5 023 0.22 167 21195.14. 061 1270 3195 62251 B71
| 8 | 151307 2/16/2006 0.03 398 418 058 0.44 168 34832.39 211 1255 3610 99404 837
18:13:10 2/16/2006 0.12. 7.26 4 095 0.66. 170 46164.59 337 11.73; 4220 B76.47 697
15:13:13 2/16/2008 0.16. 842 8.51 1.08 071 1.71] 50237.15 4.00 10.82. 4374 77194 559
15:13:16 2/16/2006 0.16. 809 B.09 0.96 0.64. 171 49383.93 376 10.44. 50.44 70567 517
15:13:19 2/16/2008 0.16' 7.84 7.89 0.94 065 1.71 4873086 363 878 5117 B79.76 518
15:13:21 2/16/2008 016 7.80 7.90 093 065 171 48664.21 371 821 5213 BBB.90 521
15:13:24 2/16/2006 016 7.86 7.93 092 065 1.71 48564.26 376 98.19 5337 65861 522
15:13:27 2/16/2006 0.16' 797 8.03 093 067 1.72 49153.46 377 9.42 5454 65121 821
15:13:30 2/16/2006 0.16. .06 8.12 095 067, 172 49430.48 386 ER 8565 642.83 BATS
|17 | 15:13:33 2/16/2006 0.16. 810 8.13 095 067 172 49615.59 396 876 56.85 637.17, 517
| 18| 15:13:36 2/16/2006 0.16. B8.16 8.24 097 072, 1.87 49748.56 40 10.01 58.26 631.92 517
| 19 15:13:38 2/16/2006 0.20 14 11.67 140 1.20 255 56381.25 B.10 8.80 7031 BE2.44 541
| 20| 15:13:41 2/16/2008 0.28 14.02 14.08 167 132 251 B1514.77 728 948 8288  B71.06 526
| 21| 15:13:44 2/16/2006 0.26' 13.15 13.16 185 1.20 2.37 59894.84 B.73 8396 64473 50
| 22| 15:13:47 2/16/2006 0.25. 12.81 1287 153 1.18 2.37| 59557.98, B6.44 890 85.13 633.34 495
| 23| 15:13:50 2/16/2006 0.25. 12.82 12.87 151 1.20 237 59468.61 B.57 8.13 B86.36 627.13 492
| 24 | 15:13:53 2/16/2006 0.25. 12.82 12.88 151 121 2.37 59558.65. B6.52 an 87.17, 622.30 491
| 25 | 15:13:55 2/16/2006 0.25. 12.87 12.92 151 119 2.37| 59580.93 B.57 8.18 B88.28 618.48 489
| 26| 15:13:58 2/16/2006 0.25 1280 12.85 151 1.20 237 59625.62 6.43 92 B8.96  B17.60 489
| 27 | 15:14:01 2/16/2006 0.25 1293 12.97 153 1.22 2.38 59669.65 B.74 830 8986 616.49 A58
| 28| 15:14:04 2/16/2006 0.25° 1294 12.96 155 122 2.37 59647.47 B.B61 8.10 B89.92 B1361 485
{28 | 15:14:07 2/16/2006 0.28. 15.05 15.28 184 162 3.00 B2774.69 825 BE0 9513 632.44 501
| 30| 15:14:10 2/16/2006 0.39. 19.33 19.51 245 2.09. 3.33 B9542.76 1072 876 100.34. B64.16 510
| 31| 15:14:12 2/16/2006 0.42. 19.93 20.01 246 2.08. 3.28| 70285.55, 10.57 B.43 103.36. BB3.73 498
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Highlight columns of data desired for
graph. For this example, the Time
and BP column data will be plotted.

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

Accept data range listed by
choosing: Next
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Mini-Lab ™ Gas Turbine Lab Experiment Manual

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 comes from the information plotted and recorded in

the previous lab session

Procedure : Perform requested analysis and calculations.

Schematic of Brayton Cycle for Gas Turbine and Cut Away of SR-30 Engine

Qadd

I"S
Wkeyale Combustor -

< Compressor

Qrej

VANE GUIDE RING

AXIAL FLOW TURBINE

THRUST NOZZLE, TRANSITION LINER

DIFFUSER
FUEL ATOMIZATION

NOZZLE e o CENTRIFUGAL FLOW
COMPRESSOR

EXIT

INLET

FUEL CONTROLLER

ANNULAR COMBUSTOR
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For the analysis point chosen in Lab Session #2, fi nd the Specific Enthalpy
at each Cycle Point (usinq air tables).

h 76 33 AT --ma.J = Z&3 MK&.&.— SomPR Essad i Er: Fo o fosfoid = 285 P
i ﬁ'_fﬂ Bfuflp-mal = [/B 810/ Lo M TF O T= PeR /S W ¥TTeT W

llI

ha= 1 8ge AT g el ¥07 b/ be
5 0] BT/t rma] = ATE BFuS T

Comae Essng Exir: Fe .25l = 3785 FEa
BB T ond 5 T = Yag /5= 73YAT "

hy. 34 Ko kIfdgimel = (677 ATidg |TURSME WLET: F= 0. 25718 * 37,71 FHA
/3, 370 Brullbme) = 46 B/ Ib Eoni piTTenl 5 F iz s = jped & T2

hee 25, 290 ..:i:l‘fu? M) 873 .ﬁ-._'."'f.-" T8 ExyF: Pe . N2ZTMB : 4. 35 Frvs
e, B7n Brijih maj = 375 ﬁm‘/’;b | £ aAlmrF oA T @4, /5 e = JS2L AT ag

¥ ploLfcviAk MAas OF An: 28. &7

1.) For the Compression Stage, Find Specific Work  Done by the
Compressor (1-2) .

L T ba=h, = Y09 43y = 353,.&:-;/1? - i‘.-_‘.s_i—._qé;rf_?ét
Fr.

= /7% Sre/jis - N3 BTUJLE = &3 S

2.) For Combustion Stage, Find Specific Energy Add ed by the Fuel (2-3) .

Dy = h3hs = 107 ATlhy - 11 ATk = b5 bls

= Y6l Barim - I17E B/ zﬁ”; .c?m,,f.m

3.) Eor the Turbine Expansion, Find the Specific Wo __ rk of the Turbine (3-4) .

mmw: Hy=ha = ﬁ?s,é;yz? = fa?f#g;gﬁ = "_E.fﬁj_g:&;:;{r-fj;_
IS Erbis - Y6 Fnois = =5 ST JER

L

4.) Eind the Specific Work done by the Cycle

JL—-‘?{: - Jéﬂé. ?“_,.;!r.'{ = }?3_{1‘:{ * ;?.I_‘l::ll
Be BIU/iR+ 63 Sryis = £3 87

5. Find the Thermodynamic Efficiency of the Cycle

JX A ppre X B0 = Efaiif_ﬁ__rﬁ:}u = &.1%
‘fam I'néff'*-j:"""?;
= 23 BTV jov = B.1%
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Mini-Lab ™ Gas Turbine Power System Lab Experiment Manual
Lab Session #4: Performance Analysis
Purpose : To perform system performance calculations of the engine at the

compressor inlet and nozzle exit. The data for these calculations comes from the
information recorded and plotted in a previous lab session

Procedure : Perform requested analysis and calculations at this location and
operational point.

COMPRESSOR INLET

¥ Pitot -Static

What is the Pitot-Static Recorded Pressure _ (Compressor Inlet Pressure) and
Air Density _ at this location and operating condition?

BT FETET STBIE LocafTon A EnGAE FATRE BEL | CROSE - SEETFONAL AREA 45
Aagee = T z"r',J 'ﬂ'{ . WATNT = 0.8338 Frt = o 003 M*
ARG
.I?hmmﬁi

EiTaT STRTIC RELARDED PRrcsio@es & H'-"-'-‘E'ﬂi S50 PSIA 2 4,00 E'_i'Fr‘E-‘E .E.*.El'ﬁ'.-f & Nim=

Fie T=473.47% Y aL R Ec: {—fmjf‘zs-?ﬁy aa&.:’-‘ L&/rr

FP= 5 A "'j-_.pn‘..' 238 ' £rd
Fae. 7= 2635 K =2.7¢ 02 CD = = (14s)(2s. 77 _ .32 ba )
£ = & joow M g 2) 7T#m=3 &
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Copyright February 2011 Turbine Technologies, Ltd.




Calculate the gas (air) Velocity into compressor at this operating condition.

N T ¢ - s " ;
i ? = [(2Ne. 255 LBl ){1ve m?/Fr3] . 1L Fr)s
1#' , (o 08s L8lerd)( s2) 2z 179 FT)

F —

S LoplocT on CAST
WoT Usge =/{Ej{:?57’.? kg-mjstmt . 5lé Mis
}.32 g/ m 3

Calculate the Volumetric Flow Rate of air into compressor at this operating
condition.

(=AY = f?.'E!?MllEF?':/f:Hymr';}{féé Fr/s) = 5.é1 Fr}j.;

= (o.0021mY(51-¢ Mm/s) = ?-fm.fj_

Calculate Mass Flow Rate of air into compressor at this operating condition.

= (2.08c LB8/FT)(0.0328 Fri){ iee FT/s) = 0.97 iR, )5

j;}’l,:u': Fﬁ"ﬂrl.-'i
= (L32Mym7) (0. 003) P2 )50 Mis)= g.2) £ [s

Calculate the Thrust generated at this location and operating condition.

(0-97 L8m[5)(s%/32 177 Fr) (166 Fi/fs) = 2.92 i5
(e.21 kfs )( 5.6 M/s) = jp.83 N

g

T=mV

Calculate the Mach Number of the flow at this location and operating condition.
Flis.

M = —E = '&;E 53,3 Fria =
32 17¢ F : . »
/ 9e(SE)RT. J/(ﬂz ! ;;T (f.-f}( THE, ){:a'?.i 67

g Mo e A
ﬁ-*ﬂffzﬁ? s ) (263, 15)T e
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THRUST NOZZLE EXIT

What is the Pitot Ram Air Recorded Pressure  (Exhaust Gas Pressure) and Air
Density at this location and operating condition?

FITaT Ras Al RECCBEDED FRESsuRE =2 L. 53 Psjg 3 o.aroy M

Faps ® Grm " Bopge = 475 r /53 = /628 FEIA = 0. 122 MFa

Br T= 122047 R\ AF= 8He /7> Pk =B84 p3 L
F= 16.28 F5ia o ma; Bov.e Fr* il

fa T= GTBIS=k™\_ At - so.26 m> {ﬂ;fri = (Vks) 20 9e7) = p. 58 s
P= o.i122 MFa A5 e Sp. 25 M3

Calculate the gas (air) Velocity _exiting the nozzle at this operating condition.

V= fze. = j[2){).53 LET_-*’M‘_J{JHM?F;?J' _ 627 Fr)s
€ (o.03¢ LHM,IF?”) (s2/32.179 #r)

= z)o esnvire Sty m/s=my — /89 M3
B, 58 Kalm?
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Calculate the Volumetric Flow Rate of air exiting the nozzle at this operating
condition.

MNoZBLE fEoss- seciion’ Aegfa = 3, B8 s %

- = A, g2 MY
Gr=aY =

@.88 W) IFT"Vryy w2627 Prjs) = 16.9 FT3)s
= to.oozsm /(189 mis) = 5.47 M35

Calculate Mass Flow Rate of air exiting the nozzle at this operating condition.

m:ffnﬁif' = {:J(_',}J = (0.03¢ em/F1316.9 F'T:/"-_f;l,l O.6] LBy /s

= {(a-58 ﬁﬂjﬁ'a.}{rﬂ-ﬁ‘?ﬁffﬁf" = O0.27 Ka)s

I

Calculate the Thrust generated at this location and operating condition.

T= mV = (5.8 L.ﬂﬁ_;}(f/;z. 1T FO(E27 FT/s) =

/T LBe
= fﬂ--?‘? Fﬁf@-'lf /29 —-"'f,-x’ij = S/N

Calculate the Mach Number of the flow at this location and operating condition.

ME '|..-‘ . = :5-2? Frf"rj F:r = 3‘:::'
1."3¢ ;ﬂi; 533, 74 _I.E&Jr’.l ':'_JES z, ﬂ Vizzo. a7%.

= ) y = O IE
Gr‘f‘)(zw \(&78. /5% )
Az " J
Questions :

Why is the calculated value of Thrust using pitot tube reading different than what
is captured by system’s load cell thrust measurment?
B rrion oF Frfal FLRE A ERAUsl sTREAM crFTLRES fonlOyiTion's AT THAT S8077c veda

SawT, NET AL ASSE Firte CRo0 35 SECTionl aF Flow WHETHOUT 8 bLEES T an A TR,
READINGs CRAN BE OFF WHEN CompresD TO THELST LoMD £Eii. A 74

Does temperature of exhaust gases affect Mach Number?

YES (1745 FHE anNLY FARIABLE N SFEEL AF SouND SREVLATION. RS TEMASLITIRE

INCRENSES FRe A FIVEN VELoaTy mIAck NUmoss (NCREFSES £ IHE oDz
THE TEmpmg aTUAE THE g fepies e ,..1%.-%'# Noemase )
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Mini-Lab ™ Gas Turbine Lab Experiment Manual

Lab Session #5: Thrust Specific Fuel Consumption A nalysis

Purpose : To determine the optimal operational setting for the SR-30 Gas
Turbine by analyzing the fuel consumption rate verses the amount of thrust
generated. The data for these calculations comes from the information recorded
and plotted in a previous lab session

Procedure : Perform requested analysis and calculations that follow.

1. Using your operational run data plots, pull up and print the following graphs:
* Fuel Flow and Thrust (on one graph) plotted over Time.
* Engine RPM (on another graph) plotted over Time.

2. Pick 4 RPM settings (from low to highest operating RPM) and mark them on
Engine RPM sheet. Write the actual RPM value at each mark on the graph.

3. Transfer the time positions of the Engine RPM Graph to the Fuel Flow and
Thrust Graph. Record the values of Fuel Flow and Thrust at each time
position.

4. Calculate Thrust Specific Fuel Consumption (T.S.F.C.) at each RPM setting
chosen.
T.S.F.C. = Weight of Fuel Burned / Hour
Thrust Force

K4

(L) REM = 51 78) = 7SR = 2. 34 saua)fe R bjerd= 2.57 4 . ‘E;f:"ﬂ"fi 1 K
b gy iy
[ 5 1'5 TR b I#Eﬁi‘{b." fli’ 'ﬂfﬂmr'

AEEALLE

(Z) rPM = ég, Y5/ P T3Fc = ﬂj—_f‘_{g?ﬂg;_-'_;gf.)c’a:- e lefare) _ 2.490

pr "J‘L"mm:t.r

3@ rem = To, 731 P TR = (3.32 Gac/ua) (67 Mefan) = 2, )9
f3. 3 Je pausy

[ﬁ"__, Zem= 77 826> TsFc = [4.67 an/um){& % lbfans) L&8
= FEET S rpes

Question : Based on your findings, at what power setting does the SR-30 Gas
Turbine offer: The best T.S.F.C.? The worst T.S.F.C.?

77 BEZe &M 5/, 28] £Fm
Is this what you expected?
DAScerss WiTH Mopa FROLFEssor.
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Fuel Flow Verses Thrust
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Mini-Lab ™ Gas Turbine Lab Experiment Manual

Lab Session #6: Jet Engine Propulsive Efficiency A nalysis

Purpose : To gain an understanding of the propulsive efficiency of a turbo-jet
engine. The data for these calculations comes from the information recorded and
plotted in a previous lab session

Procedure : Perform requested analysis and calculations that follow.

We have calculated our engine thrust when the unit is standing still in the lab.
Now, let's turn our Mini-Lab™ Gas Turbine System into a go-kart (since your
professor won't really let you do this, let’s just imagine it). Let’'s assume we’'ve
replaced the casters with a remote steering wheel system and we took the unit
out to an airport runway.

1.) If we fired the engine at the same maximum power setting we used in the lab
and got the unit rolling 50 miles/hour (80.5 km/hr) down the runway, what is
the propulsive efficiency of the unit?

L |

P = THRusT Powel _ pry { Virar = Vigssaes ) — =
{ TEF PowEER B TR o . = ‘rer
j’imfb’ﬂr'vémlj J*:k-fi
V¥ VARG

L':J—{__il. = g :,I' .1‘7}';-"5 = IR _,-1‘_?"'5

Vyesras = @Mﬁ:&:l'ri.gﬂﬂlfﬂ_."-_ﬁ: T3.3Fl/s = 72.35 /e
Frr .-'I{; M ILE l..,‘.-?‘-ﬁ'l 'i'-_lll =
Ho=_2 > -
—————rr—— = - = =1
P e T 22l
! 73, 3 Frla ' Z2z.asms

2.) Since the unit is boxy, with a great deal of flat plate area causing drag,
someone suggested attaching a sleek nose cone to the front of the vehicle.
With the new nose cone, it was sent down the runway at the same power
setting, reaching 100 miles/hour (161 km/hour). What is the new propulsive

efficiency?

'Lm = 27 F7;r"'l-"' = .IEE.-"}'?};'j

Vivemces = Gﬂ“_ifi’ I{Er‘?’ﬂ” Lo -:f’r_-"_"‘-'E \ = L. 68 F;.f = Y970 rYs

HR J s |\ 36003 )
e 2
= = = er = T a9 m = 4 328
/F . BE fi3 |+ r%fm{.f
' g, 66 FTa Y9 T m<
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3.) Someone suggested adding a sleek tail cone to the set-up and when it was
sent down the runway in this configuration at the same power setting, it
reached 150 miles/hour (241.5 km/hour). What is the new propulsive
efficiency?

lL-"rJ—Er: LT FT‘("j.'-.- J iy -l"'"}-"l-_'n'

-pr;-'{:r.f..'-c.'-i'—!'7 {55 JH.-E.LEE,-"H..E T FZo Fris = .ﬁ.'?m/:j

e 2 __ z__ N
p= 1+ 22 Ty mY T 258

&7

4.) Finally, a pair of swept wings and tail was added and the unit actually lifted
off and flew at 200 miles/ hour (322 km/hour) in ground affect above the
runway. What was the new propulsive efficiency?

Vigr = €27 Fifs ~ |85 mjs

L"'ufHk_"ll_,E = 289 ""‘"'-"'-"E—'-‘HIH_-_‘;"— = 293 3 FT"/"j = 87, ¥ .|"~".Ij.r"._1'

z =
/I'If = &3t = ‘_,;_ 1oy = 8.6y
{ | + 59a3 59 ¥

5.) After it was all over the unit was returned to its original configuration and
returned to the lab. It was fired up again and run at the same power setting
that was used on the runway. What is the propulsive efficiency now?

Viyes = 627 Fls = 129 py/s
Vienewe = O Pz = & Mys e

Np= 2 CVrer Kpee) (Vvemess) _ o
27 (V 3er = Vireece) —

Questions :

Knowing what you have learned about propulsive efficiency, which would be a
better use of the same turbo-jet engine; putting it on an ultralight airplane with a
maximum airframe speed of 80 miles/hour (129 km/hr) or one on an observation
drone that cruises at 300 (483 km/hr) miles per hour?

1o INERERSEE A5 THE VEZOS/TY o5 JHE VON 1218 JNERESES Sl JTHE 10 Smbwr
¥ aF 7MEET VELOSTY
THE ABCERUATION DiBonts Worrig F& THE FEir ok

What is the difference in propulsive efficiency between the two aircraft?

Ay 627
LF 740 T
{o@seavnT oeaie) | virnmirga's)

e} _ 2
"||' E"E" éii - ."_-:l. EE iy | _-;!JI — ﬂr:a_ll'l
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