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1.

INTRODUCTION

The U.S. Department of Energy Office of Fossil Energy offers a Gas Turbine Industrial
Fellowship (GTIF) program as part of their University Turbine System Research (UTSR)
program. The GTIF program gives undergraduate and graduate level students the
opportunity to conduct research, engineering, and design projects at leading gas turbine
industry sponsors around the country. Southwest Research Institute® (SwRI®), located in
San Antonio, Texas, was the host company for the projects detailed in this report. This
report features two main projects, including the preparation and testing of a T62 Titan gas
turbine engine and the modeling of cooling flow in an oxy-fuel combustor, used for
supercritical carbon dioxide power cycles.
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2.

T62 SETUP AND TESTING

The goal of this project was to obtain loaded data from a small gas turbine, a T62-32 Titan
produced by Solar Turbines, and then use the collected data to calibrate a Numerical
Propulsion System Simulation (NPSS) model. The T62 can be used as either an auxiliary
power unit (APU) or a ground power generator for military applications. The engine was
originally designed to use JP-4 fuel but was modified to use natural gas for this project.
The T62 is capable of producing 60 Kilowatts at 400 Hz. The load bank used is an Avtron
K595 model with a maximum load of 55.5 Kilowatts. The collected data and NPSS model
are to be used in a future publication in open literature.
2.1

T62 SETUP

In order to get the required loaded data for the T62 Titan, several steps had to first be
completed. These steps included locating and assembling several components for the
T62 and the load bank, while also updating operating procedures and documentation. A
few of the more notable actions completed in preparation for testing the T62 are listed in
the next sections.
2.1.1 GROUNDING FOR T62 CART AND LOAD BANK
It was determined that a grounding scheme needed to be in place, for both the load bank
and the T62 itself. Two separate cables were sized and procured. A 5/8” braided ground
wire was connected between the load bank and the T62 cart and a 2/0 weld wire was
wired from the load bank to the building ground. The setup for the T62 and load bank
grounding can be seen in figure 0-1.
2.1.2 INSTALL NEW FUEL LINE
A new braided fuel line was sourced prior to this summer and needed to be installed.
Along with the addition of the new fuel line, it was determined that a nitrogen purge line
should also be installed. The purpose of the nitrogen purge line is to flush all of the natural
gas out of the fuel lines after testing has been completed. Because the nitrogen source
was at a high pressure an extra valve (main gas valve 2) was added to the system to
prevent backflow into the natural gas lines. The nitrogen purge line and new valves can
be seen in figure 0-3. After all of the fuel lines were installed a leak test, at 140 psi, was
conducted. Several existing leaks were detected in the control panel, as shown in figure
2-1. These leaks were fixed and subsequently passed a final leak test.
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Figure 2-1. Fuel Line Leak Check

2.1.3 CREATE P&ID
A Piping and Instrumentation Diagram (P&ID) was created in order to provide a complete
picture of the testing setup. The P&ID can be seen in figure 2-2.

Figure 2-2. T62 P&ID Diagram
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2.1.4 UPDATE OPERATION GUIDE & CREATE SETUP/TEARDOWN PROCEDURE
Due to the addition of the load bank, power meter and nitrogen purge line, the operation
manual had to be updated and reviewed to include these new features. A separate setup
and tear down procedure manual was also created in an effort to gain consistency for
testing.
2.2

POWER METER SELECTION

A power meter was required for testing to log the power consumed by the load bank.
Based off of the load capacity of the load bank and the three phase four wire connection
between the T62 generator and the load bank, a Mastech MS2203 power meter was
selected. The power meter can be connected to a computer through a USB port and
included its own software that is capable of logging and saving power data. The MS2202
power meter can be seen in figure 2-3.

Figure 2-3. MS2203 Power Meter

2.3

VOLTAGE REGULATOR

A major part of preparing the T62 for loaded testing was setting up the voltage regulator
for the generator. Previously, the voltage regulator was not able to be used due to the
lack of a wiring harness and pinout document. Instead of using the voltage regulator
earlier testing was performed with an external power supply. The power supply was used
to create the needed excitation field in the generator. A wiring harness with a plug and a
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pinout document were both developed for the voltage regulator. Once the wiring harness
was created, the voltage regulator was wired to the terminal block on the generator.

Figure 2-4. Voltage Regulator and Wire Harness

2.4

CURRENT STATUS

The generator for the T62 needs to be rewired to a 240-volt output, to achieve the
maximum load possible during testing. The T62 setup and load bank are ready for loaded
testing to be performed.
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3.

COMBUSTOR COOLING ANALYSIS

Due to the extreme temperatures inside of a combustor during normal operation, unique
cooling techniques must be utilized to ensure that failure does not occur. Two of the most
commonly used techniques are slot film cooling, where coolant is introduced into a slot
before exiting into the combustor, and effusion cooling, where coolant passes through
several discrete holes within the combustor liner [1]. Accurate coolant flow rates, along
with the hole geometry itself, are required to correctly analyze the heat transfer and
cooling performance within the combustor. For this project, cooling flow rates for an oxyfuel combustor were modeled.
3.1

MATHEMATICAL MODEL

The first step in constructing the cooling flow rate model was to determine the cooling
hole geometry. Because the combustor in question had both slot cooling and effusion
cooling schemes, care was taken to separate the two during analysis. It is important to
accurately measure and record the cooling hole geometry at this step as a small change
in hole size can greatly affect the cooling flow rates. It was then decided to use equation
1 from Andreini et al. [2] for the cooling flow rate model.
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This equation assumes that the flow is isentropic and compressible.
The next step is to determine the discharge coefficients for both the slot cooling and
effusion cooling schemes. The result from equation 1 will be multiplied by the discharge
coefficient to get the total mass flow rate through each cooling hole. By using equation 2,
from Applied Fluid Dynamics Handbook by Robert Blevins, it was determined that the
discharge coefficient for the slots was 0.68 and the discharge coefficient for the effusion
holes was 0.61.
𝑃1 −𝑃2
1
(2)𝜌𝑈 2

=

1
𝐶𝑑2

(2)

The external temperatures and pressures were known values for this project. The internal
local pressure values were found from the results of a CFD analysis, similar to what is
shown in figure 3-1. The specific heat ratio for the coolant, carbon dioxide, was found
using REFPROP, a commonly used program to find thermodynamic properties.
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Figure 3-1. Combustor Static Pressure Distribution

3.2

CURRENT STATUS

The results of the cooling flow rate model were reviewed successfully, and this work has
been passed on to a current SwRI employee for future analysis.
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6.

APPENDIX

Figure 3: Load Bank

Figure 6-1. T62 Load Bank and Grounding
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Figure 6-2. T62 Setup

Figure 6-3. T62 Fuel Valves and Nitrogen Purge
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