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1. INTRODUCTION

This project was performed in support of the Federal Aviation Administration’s (FAA's) Continuous Lower
Energy, Emissions, and Noise (CLEEN) program. The objective of the program was to develop sufficient informa
tion to permit the issuance of a No Technical Objection (NTO) by Pratt & Whitney (P& W) to allow use of a 50/50
blend of Swedish Alcohol-to-Jet Synthetic K erosene Containing Aromatics (ATJSKA) fuel and JP-8.

The project scope includes generation of data that can be used in an American Society for Testing and Materi-
as (ASTM) Research Report as part of the ATJSKA evaluation and approval process. The evaluation and
approva of ATJSKA is an ongoing effort by the engine and airplane original equipment manufacturers (OEMS),
FAA, Department of Defense (DOD), and ASTM International. The test program included fuel injector spray char-
acterizations and combustor performance rig tests. An existing combustor rig was used for this project that is
similar in configuration to that of an auxiliary power unit (APU) with a500 to 700 hp range and an annular reverse-
flow combustor.
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2. SUMMARY RESULTS

No significant difference in performance was observed in the combustor tests when comparing the 50/50 ATJ
SKA/JP-8 fuel blend to that of baseline Jet A and JP-8 fuels. Performance metrics included temperature distribu-
tions, radia profiles, and pattern factors (PFs) at combustor exit. Test result variations observed from the tests are
considered to be within the measurement precision.

The combustor rig tests also showed that no significant difference in the emission levels measured for the three
fuels. Emissions measured include NO,, CO, and UHC and smoke number (SN). The variations in these indices
are considered to be within the normal measurement precision.

The combustor rig ignition tests were conducted at both ambient and cold fuel temperatures and at sea level
(SL); 25,000 ft; and 41,000 ft. The results show that the three fuels have similar ignition performances.

The spray quality characterizations tests were performed at ambient air temperature with both ambient and
cold temperature fuels. Three fuels/fluids were tested: 50/50 ATJ-SKA/JP-8 blend, JP-8, and 7024 Type Il Calibra-
tion fluid. The 7024 Type Il fluid ssimulates Jet A behavior at ambient temperature. It is concluded that the 50/50
ATJSKA/JP-8 blend, JP-8, and Type Il fluid al show similar spray qualities at ambient air temperature condition.
Spray characterizations of cold fuels (JP-8 and 50/50 AT JSKA/JP-8 blend) at ambient air temperature are compro-
mised due to significant ice buildup near injector tip, and are not included.
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3. CONCLUSION

The combustor rig and fuel spray characterizations tests show that the 50/50 Swedish Biofuels ATJ}SKA/JP-8
blend behaves similarly to the JP-8 and Jet A baseline fuels. Therefore, P& W AeroPower (PWAP) has no technical
objections to the use of a 50/50 ATJ-SKA/JP-8 fuel blend.

It should be noted that PWAP did not perform any evaluation on what the long-term impact would be on engine
component lives. Thisinvestigation would require hardware review after several hundred hours of continuous APU
operation using this fuel.
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4. APPLICABLE DOCUMENTS

The following documents form a part of this report to the extent specified herein. Unless listed by date as a par-
ticular issue, the issue in effect on the date of this report shall be applicable. In the event of conflict between
documents referenced herein and the contents of this procedure, the contents of this procedure shall be a supersed-
ing requirement.

4.1 HAMILTON SUNDSTRAND DOCUMENTS

EPS271-10 Combustor Rig Configuration

SB No. 2016  Pratt & Whitney Service Bulletin
4.2 OTHER DOCUMENTS

ASTM D1655 Standard Specification for Aviation Turbine Fuels

ASTM D4054 Standard Practice for Qualification and Approva of New Aviation Turbine Fuels and Fuel

Additives
ARP1179 Aircraft Gas Turbine Engine Exhaust Smoke M easurement
ARP1256 Procedure for the Continuous Sampling and Measurement of Gaseous Emissions from Air-

craft Turbine Engines

ARP1533 Procedure for the Calculation of Gaseous Emissions From Aircraft Turbine Engines
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5. SCOPE

The T-62T-46L.C-1 APU was developed by PWAP in the late 1990s. It is flight-essential equipment for Saab
aircraft applications. The combustion system consists of an annular reverse flow combustor with a combination of
pressure-atomized pilot and airblast main fuel injectors.

The test program included spray characterizations of production quality pilot fuel injectors and fuel system
components, conducted on a combustor rig. Fuels used included a baseline JP-8, a 50/50 ATJ-SKA/JP-8 blend, Jet-
A, and acalibration fluid (7024). These tests were conducted at the United Technologies Research Center (UTRC)
in East Hartford, Connecticut.

The baseline JP-8 fuel and the 50/50 ATJ-SKA/JP-8 blend were provided by the Air Force Research Labora-
tory (AFRL). 300 gallons of each fuel were shipped directly to UTRC from AFRL.

5.1 FUEL INJECTOR SPRAY CHARACTERIZATION TEST

Spray characterization tests of the pilot injector was performed at ambient air temperature with the fuels and/or
fluids and fuel temperatures detailed in Table 5-1.

Table 5-1. Fuel Injector Soray Characterization Test Matrix

Fuel at Fuel at-40°C
Fuel/Fluids Ambient (-40°F)

JP-8 v v
50/50 ATJSKA/JP-8 Blend v
7024 Type Il Calibration Fluid
Viscor

AN

5.2 COMBUSTOR PERFORMANCE RIG TEST
The combustor rig performance tests consist of two major areas:

» Performance test at normal operating conditions
» Cold temperature fuel ignition test.

An existing PWAP APU combustor rig was used for the rig testing. This combustion system is similar to that
of the T-62T-46L C-1, and conclusions regarding the system behavior can be applied to the T-62T-46LC-1. The use
of thisrig reduced program cost and supported the testing schedule.

Combustor performance testing was conducted for nine conditions covering altitudes from SL to 41,000 ft,
engine loads from no load, maximum generator load (MaxGen only), and main engine start (MES). Combustor
pattern factors, radia profiles, and emissions were measured for JP-8, ATJ-SKA/JP8 fuel blend, and Jet-A fuels.
Combustor lean blowout (LBO) fuel/air ratio was determined at two altitudes for lean stability performance. The
test fuels were at ambient temperature.

Ignition tests were conducted over a range of conditions covering altitudes from SL to 41,000 ft with both
ambient and cold fuel (-40 °C) temperatures. During the test, combustor inlet air flowrate was set to simulate low-
speed engine airflow conditions. Fuel was then introduced at different fuel pressures through the pilot injectors.
Lean ignition limit was determined when the pilot fuel pressure was low enough to cause no lights or significantly
delayed lights at the given airflow conditions.
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6. FUELS
A 50/50 ATJ-SKA/JP-8 blend was investigated. Baseline fuels included JP-8 and Jet A.
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7. TEST CELL SETUP

7.1 COMBUSTOR RIG TEST

Tests were performed at UTRC in East Hartford, Connecticut. The combustor test rig was set up in Test Cell 5
at the Jet Burner Test Stand (JBTS). Figure 7-1 shows the setup in the test cell. Nine test conditions are summa-
rizedin Table 7-1.

Figure 7-1. Combustor Rig Test Cell Setup

Table 7-1. Combustor Rig Test Conditions

No. 1 No. 2 No. 3a No. 4 No. 5 No. 6b No. 7 No. 9 No. 10A
Engine Condition ANE ANE MFD  ANE ANE MFD ANE MFD MFD
Day Cold STD STD Hot STD Cold Hot Hot Hot
Altitude SL SL SL 20,000ft  20,000ft 20,000 ft 40,000 ft 40,000 ft 40,000 ft
Ambient Temperature (°F)  -69 59 59 51 -12 -90.5 -6 -6 -6
Engine Load NL MaxGen MES NL MaxGen MES(reduced NL NL MaxGen
only only F/A) (red. FIA)

Abbreviations used in Table 7-1 are defined in the Terms and Acronyms list in the front matter of this report.
Note that MES refers to a condition of reduced fuel-to-air ratio (F/A). This condition was selected due to a concern
that actual flame temperatures may damage the thermal couples and rig hardware. A similar condition was selected
for MaxGen.

The fuels were chilled down to -40°F (-40°C) for cold fuel ignition and spray characterization tests. For this
purpose, fuel was routed through a chiller filled with dry ice. The setup for chilling down the fuels is shown in
Figure 7-2. A schematic of this setup is shown in Figure 7-3.

It was necessary to install an gjector at the exhaust flange for ignition tests at altitude conditions where the
ambient pressure is sub-atmospheric. The same is true for steady state operation at really high atitudes. A sche-
matic for this setup is shown in Figure 7-4.
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Figure 7-2. Cold Fuel Setup
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Image credit: PWAP

Figure 7-3. Schematic for Cold Fuel System

Figure 7-4. Schematic of Installed Ejector for Ignition Mapping
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7.2 FUEL NOZZLE SPRAY TEST

Spray quality characterization tests of the pilot injector were conducted at ambient air temperature using both
ambient and cold fuels (-40°C [-40°F]). The spray test plan is shown in Table 7-2.

Droplet size measurement (Malvern), patternation, and particle doppler interferometry (PDI) measurements for
spray quality were performed at 1.1 in. from the nozzle tip. Fuel injection pressure varied from 100 to 400 psi. Cold
fuel spray was only tested at 200 psi.

A schematic of a spray rig setup with fuel control is shown in Figures 7-5 and 7-6. During a spray test, a fuel
pump drew fuel from afuel drum at ambient temperature, and pumped it through filter, valves, and aflow meter. In

Table 7-2. Test Plan

Test ID |Injector Fluid Temperature|Test Pressure
1 1 JP-8 Ambient PDI 200,
2 1 ATJ Blend Ambient PDI 200
3 1 7024 Type I Ambient  |PDI 200
4 1 Viscor Ambient PDI 200,
6 1 JP-8& -40 PDI 200
7 1 ATJ Blend -40 PDI 200
9 1 JP-8 Ambient  |Patternation 200
10 1 ATJ Blend Ambient Patternation 200
"1 1 7024 Type ll Ambient |Patternation 200
12 1 Viscor Ambient  |Patternation 200
14 1 JP-8 -40 Patternation 200
15 1 ATJ Blend -40 Patternation 200

M 14 1 JP-8 Ambient  |Malvem 200
15 1 ATJ Blend Ambient  |Malvem 200
16 1 7024 Type ll Ambient Malvem 200
17 1 Viscor Ambient  |Malvem 200
19 1 JP-8 -40 Malvem 200
20 1 ATJ Blend -40 Malvem 200
22 1 JP-8& Ambient Malvem 100
23 1 ATJ Blend Ambient  |Malvem 100
24 1 7024 Type I Ambient  |Malvem 100
25 1 Viscor Ambient  |Malvem 100
27 1 JP-8 Ambient  |Malvem 300]
28 1 ATJ Blend Ambient  |Malvem 300]
29 1 7024 Type Il Ambient Malvem 300
30 1 Viscor Ambient Malvem 300
32 1 JP-8 Ambient  |Malvem 400]
33 1 ATJ Blend Ambient Malvem 400
34 1 7024 Type Il Ambient Malvem 400
35 1 Viscor Ambient  |Malvem 400]

Figure 7-5. Schematic of Cell 6 Fuel Controls — Cold Fuel System
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Figure 7-6. Detailed Schematic Around Fuel Spray Rig

the case of the ambient fuel spray test, fuel went through injector and sprayed into air. For the cold fuel spray test,
an ice-cooled chiller was installed before the injector to minimize the heat transfer to the cold fuel. The lines to the
fuel injectors were insulated. The air temperature was at ambient during the spray tests. Ideally, the air should have
been cooled to the same cold temperature as the cold fuel to prevent water condensation and ice buildup. This was
not feasible, due to the limitations of the facility and cost.
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8. RESULTS

Results of combustor performance and spray quality characterization are discussed in this section. The com-
bustor rig test included measuring temperature distribution; determining radial profile (not included in this report
due to IP concerns) and pattern factor at the exit of the combustor; measuring gaseous NO,, CO, and UHC emis-

sion levels as well as SNs; and determining LBO F/A and lightoff domain boundaries. Three fuels were used: JP-8,
Jet A, and 50/50 ATJ-SKA/JP-8 blend. Ignition maps were determined at SL; 25,000 ft; and 41,000 ft.

8.1 COMBUSTOR RIG TEST

Before combustor performance testing was conducted, the rig was first checked out for any potential issues
(mechanical or instrumentation) using fuel from afacility fuel tank. Any problematic areas identified in this step
were fixed before proceeding to the measurement. To heat up the air to arequired combustor inlet temperature (T3),
it takes approximately 30 minutes to achieve and stabilize the required temperature value. This is also the case
when transitioning from one condition to another (e.g., from NL to MES). Thiswould be a problem if using the 50/
50 ATJ-SKA/JP-8 blend fuel in this process dueto its limited quantity. To circumvent this problem, the fuel supply
to the injector was designed to switch back and forth between the facility fuel tank (about 6,000 gallons of Jet A)
and an accumulator, which holds about 90 gallons of fuel. Jet A fuel from facility tank was used during the time
period required to reach temperature and stabilize. After the test temperature was achieved and stabilized, the fuel
supply was switched to the accumulator and normal measurement steps were followed. Gas temperature was mea-
sured using 10 thermocouples radially stacked on two rotating arms 180 degrees apart. The rotating arms perform a
180-degree traverse during measurement and record atemperature value every 3 degrees of rotation. Data recorded
in this way can be used to generate temperature contours and radial profiles (i.e., circumferential average vaue at
each radial location). These data reductions provide different ways of understanding the combustion process within
the combustor.

8.1.1 Pattern Factor

PF isavaluethat is used to quantify ahot spot in terms of overall temperature rise at the combustor exit. Equa
tion No. 1 defines PF. T 44,6~ T3a/e ISthe overall combustor temperature rise due to the burning of fuel. T4, isthe
measured maximum gas temperature at the combustor exit.

T, — T,
PF = idmax davg

T&avg - TSavg

Figure 8-1 shows the PF comparisons of Jet A, JP-8, and the 50/50 ATJ-SKA/JP-8 blend. The actual data
values have been normalized to protect company proprietary information. PF values for the ATJ-SKA/JP-8 blend
were obtained at all nine conditions. Those of Jet A and JP-8 were obtained only at seven and six of nine condi-
tions, respectively. However, where a comparison between ATJ-SKA/JP-8 blend and a baseline fuel is available, it
can be seen that the blended fuel has avery similar PF value with that of the baseline fuel.

Equation 1

Temperature contours and radial profiles of the three fuels were also compared, but are not included in the
report for IP reasons. The comparison showed that those contours and profiles are nearly identical at the measured
conditions. No significant differences can be seen.

A thermal pattern factor is another frequently used PF quantity, and is defined by Equation No. 2.

T. —T.
PF — 4max 4 thermo

T4 thermo — TBavg

Equation 2

In this equation, instead of using a measured T4ave, a thermodynamic temperature value T4 thermo is used.
Thisvalueis calculated as the adiabatic temperature rise at agiven F/A and combustor inlet air temperature T3ave.
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Figure 8-1. Pattern Factor at All Test Condition

104

The comparison of the thermal PF values of the three test fuelsis shown in Figure 8-2. Aswith the regular patter
factor, the ATJ-SKA/JP-8 fuel blend has similar values with baseline Jet A and JP-8 fuels.

8.1.2 Lean Blowout

LBO isthe F/A at the lean limit of combustion, below which combustion is not sustainable. During arig test,
the LBO F/A is established by setting an airflow rate and slowly reducing the fuel flow (or fuel pressure) until a
significant temperature drop is observed. This meansthat the flame in the combustor is extinguished. The lower the
LBO F/A, the wider stability margin a combustor has at its lean boundary. Figure 8-3 compares the LBO F/A of
the three tested fuels at three atitudes. The LBO F/A of the ATJ-SKA/JP-8 fuel blend was measured at SL; 20,000;
and 40,000 feet. JP-8 was measured at 20,000 and 40,000 feet. Jet A was measured at SL only. Asthereisnot abig
difference between JP-8 and Jet A fuels, we concluded that the ATJSKA/JP-8 fuel blend has similar LBO perfor-

mance to that of Jet A and/or JP-8 at all three altitudes.
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Figure 8-2. Thermal Pattern Factor at All Test Conditions
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Figure 8-3. LBO F/A at Three Altitudes

8.1.3 Gaseous Emissions

Gaseous emissions are closely related to droplet evaporation, fuel vapor and air mixing, combustion kinetics,
and other processes in the combustor. The measured gaseous emissions are presented as Emission Indices (Els) of
carbon dioxide (CO,), CO, NO,, UHC, and SN. The measurement procedure followed the standard International
Civil Aviation Organization (ICAO) Annex 16, ARP1256 for CO,, CO, NO,, and UHC. The raw data was con-
verted to emission index (EI) following ARP1533 standard procedure. The measurement of the smoke number
followed standard procedure ARP1179. A smaller emission index value and smoke number indicates cleaner com-
bustion. To protect company proprietary information al data have been normalized.

During emission measurement tests, the emission equipment was not functioning properly for Conditions 1, 2,
and 3 when using JP-8 fuel. For these test conditions no emission data is available. The gaseous emission level
measurements of the 50/50 ATJSKA/JP-8 fuel blend yielded insignificant differences compared to the two base-
line fuels. A comparison of emissions for each pollutant is presented in Figures 8-4 through 8-6.

Nitrogen Oxides (NO,) Emissions
Results of the NO, measurements are shown in Figure 8-4. NO, emission of the ATJ-SKA/JP-8 blend is mea-
sured at all nine conditions. Jet A and JP-8 were measured at conditions four and three, respectively. The NOy

emission of the ATJ-SKA fuel blend is at the same level as Jet A and JP-8. We concluded that the ATJ-SKA/JP-8
blend has similar NO, emissions as the baseline fuels.

Carbon Monoxide Emissions

Figure 8-5 shows the CO emission measurement. It can be seen that the ATJSKA/JP-8 fuel blend has a
similar El to that of Jet A and JP-8 fuels.

Unburned Hydrocarbon (UHC) Emissions

Figure 8-6 shows the measured unburned hydrocarbon fuels. At Condition 1, Jet A fuel has a significantly
higher UHC emission than that of the ATJSKA/JP-8 fuel blend. Considering the CO emission comparison
between Jet A and the 50/50 ATJSKA/JP-8 blended fuel, it is possible that the blended fuel has a much lower
emission than the baseline fuel at this same condition. Unfortunately, this cannot be confirmed since JP-8 fuel was
not measured at this specific condition. Excluding condition 1, we can conclude that the blend fuel has similar
UHC emission levels as the baseline fuels.
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Figure 8-5. El for CO at Selected Conditions
Smoke Number

SN is defined as the reflectivity of afilter paper after a certain amount of exhaust gases has flowed through it.
SN has been measured at four conditions for all three fuels. As can be seen from Figure 8-7, the smoke number
measured for the ATJSKA/JP-8 fuel blend is consistently less compared to either of the baseline fuels.

8.1.4 Lightoff

Ignition tests were conducted at three altitudes using fuels at both ambient and cold temperatures (-40°C/
-40°F). During the test, combustor inlet airflow was set to simulate alow-speed engine airflow condition. Fuel was
then introduced at different injection pressures through the pilot injectors. A lean ignition limit is determined when
the pilot fuel pressure is low enough to cause no-lights or significantly delayed lights at the given airflow
conditions.
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Figure 8-6. El for UHC at Selected Conditions
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Figure8-7. SN at Selected Conditions

Ignition maps are determined by identifying domains of lightoff and no-light data points for different fuel and
air flows at a given altitude condition. Ignition maps are generally presented as fuel flowrate versus combustor ref-
erence velocity. For proprietary information reasons, al data have been normalized.

Figure 8-8 shows lightoff and no-light data points for the 50/50 ATJ-SKA/JP-8 blend, JP-8, and Jet A fuels at
SL. A green solid symbol represents a successful lightoff and a red open symbol represents a no-light. Generally,
for a given air velocity, the lower the fuel flowrate that a combustor can light off successfully, the better ignition
capability of the combustor. For a given fuel flowrate, a higher air velocity yielding a successful lightoff, the better
the ignition capability is of the combustor.
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Figure 8-8. Ignition Map at SL

To identify the ignition boundary of afuel, one can draw an imaginary curve to separate the lightoff and no-
light data points asis shown in Figure 8-8. As can be seen, this same curve also separates lightoff and no-light data
points for JP-8 and ATJ-SKA blend fuels. Thisimplies that the three fuels have similar boundaries. Therefore, we
conclude that the ATJ-SKA/JP-8 blend fuel has similar ignition capability with baseline fuels (Jet A and JP-8) at
SL.

The ignition map of the three fuels at 25,000 ft is shown in Figure 8-9. As with the ignition map at SL, if one
draws a curve to separate lightoff and no-light data points for Jet A fuel, it will also separate the lightoff and no-
light data points for the other two fuels. In this particular case, there are some slight crossovers of points (i.e., one
fuel’s success lightoff pointsfall into another fuel’sfailed domain). These slight crossovers occur only in the vicin-
ity of the boundary curve, and may be attributed to the accuracy of the measurement.

Figure 8-9. Ignition Map at 25,000 ft
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Figure 8-10 shows a similar ignition map at 41,000 ft. All three fuels have poor lightoff performance at this
atitude. Although there are very few data points, there are no conditions that appear to overlap. Based on this data,
we concluded that the three fuels have a similar ignition performance at 41,000 ft, and the ATJSKA/JP-8 fuel
blend has a similar ignition performance to that of baseline fuels at al three altitudes.

Figure 8-10. Ignition Map at 41,000 ft

8.2 FUEL NOZZLE SPRAY TEST

The purpose of afuel spray test isto determine its quality by a measuring few key metrics. These include cone
angle, mean droplet size and velocity, flow uniformity, and radial and circumferential distributions of flow.

8.2.1 Mean Droplet Size (D3,) — Line of Sight Measurement

The mean droplet size of a spray is measured by a method called Line of Sight. The mean diameter is usualy
presented as Ds,. This diameter (Ds)) is also called Sauter Mean Diameter (SMD), which gauges how fast, on
average, dropletsin a spray evaporate. A spray with alarger SMD will take a longer time to evaporate. A droplet
with adiameter the same as the SMD of a spray has the same volume/surface arearatio as that of the spray.

Thevariations of SMD as afunction of fuel injection pressure for the ATJ-SKA blend, the JP-8 fuel and a 7024
Type Il calibration fluid are shown in Figure 8-11. The calibration fluid simulates Jet A's spray behavior closely at
ambient temperature. A higher injection pressure produces more fine fuel droplets; therefore, a smaller SMD for
the spray. These spray tests were conducted at ambient fuel temperatures and ambient air temperatures.
Figure 8-11 shows that the three fuels have similar mean droplet size at four different injection pressures.

8.2.2 Patternation

The patternation test measures spray cone angles, and radial and circumferential droplet flow distributions.
Traditionally, during such atest around patternator is placed under the injector tip at a specified distance to collect
fuel. The patternator is usually divided into many cellsto record fuel droplet locations. With newer technology, fuel
droplet concentrations are measured on aplane at 1.1 in. away from injector tip, no collector is necessary. The tests
included patternation measurements for three fuels/fluids (JP-8, the ATJ-SKA/JP-8 fuel blend, and 7024 Typell) at
ambient and -40°F (-40°C) fuel temperatures. Both ambient and cold fuel tests were to be performed at an ambient
air temperature.

During cold fuel testing, water condensation on the injector body caused ice to build up near the injector tip as
shown in Figure 8-12. The ice accumulation compromised the test results for the spray cone angle, flowrate, and
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Figure8-11. Fuel Droplet SVID Measurements

Figure 8-12. Ice Built Up Near Injector Tip

the radial and circumferential droplet flow distributions. Consequently, the cold spray results are not included in
this report.

Figure 8-13 shows a schematic of a spray cone forming at theinjector tip and itsradial fuel volume flow distri-
bution. Quantities of interests are the angles 6 (degrees) and 6 ey (degrees), which are defined in Equation No. 3
below. Bpey (degrees) is the angle where the fuel droplet flowrate peaks in the whole fuel spray, and 8y, (degrees)
isthe angle which includes 90 percent of fuel volume flow of the spray. These quantities are calculated from amea-
surement of rgq (a radius which includes 90 percent of its total volume flow) and rpey (a radius at which fuel
flowrate is highest).

For the fuel injector used in thetest, r;=0andH = 1.1in.

Tgg — Tf

360 Tppar —T 360
Opear (deg) = o tan ! (M) Bgq (deg) = ?f‘m l(

- ) Equation 3

Figure 8-14 shows the measured cone angle 84 (degrees) of the three fuels (JP-8, the 50/50 ATJ-SKA blend,
7024 calibration fluid) at ambient temperature. It can be seen that the cone angles of the three fuels agree reason-
ably well with each other. A similar conclusion can be reached for peak cone angles 6, (degrees) (Figure 8-15).
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Image credit: Pratt&Whitney Aeropower
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Figure 8-13. Cone Angle Definition

Figure 8-14. Comparison of Spray Cone Angle 6qy (Degrees) With Ambient Fuel Temperature

8.2.3 Sector Uniformity Index

The Sector Uniformity Index (SUI) of the spray is defined in Equation No. 4. Figure 8-16 shows a sketch of a
typical patternator sector and the circumferential variation of the measured sectorial fuel amount. After the fuel is
measured from the patternator, the minimun, maximum and average values can be determined. In Equation No. 4,
the variable X is defined as the percentage of fuel in any single sector (all annuli) of an n circumferential sector
patternator. SUI is calculated as the ratio of the standard deviation of variable X4 to its mean value.

Equation 4

The smaller the value of SUI, the more uniform is the circumferential distribution of fuel spray. In thistest, the
fuel collector is divided into eight sectors.

Figure 8-17 shows the normalized SUI of two fuels and a calibration fluid (7024). The ATJ-SKA blended fuel
hasasimilar SUI asthe Jet A fuel (7024 fluid), but both of these fuels have alarger SUI index than JP-8. The 7024
calibration fluid closely simulates Jet A and JP-8 fuel properties, however, the difference in SUI between Jet A and
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Figure 8-15. Comparison of Spray Cone Angle Opey (Degrees) With Ambient Fuel Temperature

Figure 8-16. Schematic of a Patternator Sector

Figure8-17. Ambient Temperature SUI
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JP-8 issignificant. It is possible that the SUI index is sensitive to this method of measurement. A further investiga
tion would be needed to determine what caused this difference.

8.2.4 Radial Fuel Distribution

Radial fuel flow distribution is obtained by averaging the fuel flow in the circumferential direction at each
radial location. The result is a radia distribution of droplet flowrate of the spray. The distribution is usualy
reported as afunction of radius of a normalized quantity, be it amass or avolume flowrate of fuels. Dueto intellec-
tual property (IP) considerations, the plots are not included in this report. However, after comparing the radia
distributions of the three fuels, we concluded that the 50/50 ATJ-SKA/JP-8 fuel blend has a similar radial distribu-
tion asthe Jet A and JP-8 baseline fuels.

8.2.5 PDI Results

PDI measurement is used to characterize liquid spray by focusing a laser beam to afixed point, and collecting
data from a sample of about 10,000 droplets before moving to another point. The results are line distributions of
droplet velocity and mean droplet size (D3,). Usually, this line distribution is presented as a radial distribution
(there is no circumferential averaging). Due to IP concerns, the radial distributions are not included in this report.
However, we concluded that at ambient temperatures the 50/50 ATJSKA/JP-8 blend has a similar radial droplet
velocity and droplet size distributions to those of the baseline fuels.
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