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Introduction/Objectives

Investigate the effect of
increasing RPM on combustion
efficiency in a single stage turbo
jet engine

Develop numerical model for
the single stage jet engine based
on Jet-A combustion

Evaluate the experimental and
numerical model for efficiency
and emissions
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Thermophysical Properties of Jet-A

Lower Heating Value 41.88
Derived Cetane Number 48.0
Avg. Ignition Delay (ms) 3.26

Avg. Combustion Delay (ms) 5.01

Viscosity @ 40 C (cP) 1.32
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—{Jet A Average Viscosity

 Temperature was increased from

26°C t0 90°C :

* Viscosity of Jet-A at 40°C is 1.32 %
cP %ﬂ
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Thermogravimetric Analysis
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Differential Thermal Analysis

Jet A Average DTA

Energy absorption rate is
catalogued alongside the
increase in temperature
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More volatile fuels will absorb
energy at a faster rate
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Spray Analysis
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Spray Droplet Size and Distribution
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DCN Determination

ASTM Standard D7668-14.a

 Derived Cetane Number is a
representation of the

Wall Fuel Injection Coolant Temp. Injection Pulse Chamber
autoignition characteristics of  Teme. Pressure Width Pressure
the fu el 595.5 °C 1000 Bar 50 °C 2.5ms 20 Bar

e The DCN equation uses the

ignition delay and combustion DEN = 13,028 4 <—5.3378> N (300.18) N <—12567.90> <3415.32>
delay to calculate this value | ID CD CD? cD?
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Pressure Trace
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Apparent Heat Release Rate
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Experimental Set Up
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Meshing and Grid Convergence

Mesh Refinement Nodes Elements
Coarse 157,703 748,591
Medium 284,570 1,400,105
Fine 713,024 3,652,420
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Simulation at 70,000 RPM

7 -
Temperature Plane Velocity Plane Pressure Plane
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Injector Spray Penetration and Distribution

Swirling, Spray Penetration,
and Distribution =

Temperature Plane

Injector Spray Penetration
and Distribution
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Emissions at /0,000 RPM ]
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CO, Mass Fraction H,O Mass Fraction CO Mass Fraction
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Emissions, Calculated
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Noise, Vibrations, and Harshness

Operational RPM

Operational Frequency -Turbojet
Shaft

= Frequency from Three Exit Fins of the

Turbojet

Frequency from Twelve Compressor
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Frequency from Twenty-Four Turbine

\ Blades
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NVH of the Different Regions of the Turbine
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Conclusion

. The numerical emissions were shown to exhibit comparable trends to the experimental data thus
indicating the validity of the numerical model

*  Experimental emissions data showed that H,O , CO,, and NO, experienced an increase of 1.9%, 4.0%, and
30% respectively, while CO and THC emissions decreased by 19% and 47% respectively.

*  The fluctuations in emissions experienced an internal engine temperature change of 15% when operating
from 60,000-70,000 RPMs.

* The vibration’s signatures produced by the turbojet main shaft, three exhaust exit fins, twelve compressor

blades, and twenty-four turbine blades, the overall frequency produced by each component increased by
1.13%, 1.17%, 1.15%, and 1.01% respectively as the RPM increased to 70,000 RPM from 60,000 RPM.
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