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Abstract

The jet in crossflow is a spray method used in the various air-breathing engine. In order to understand the spray charac-
teristics in various environments, many prior studies have been conducted. However, there is a lack of understanding of the
low-temperature liquid spray characteristics below 273 K. With this in mind, we tried to enhance the knowledge of the low-
temperature liquid spray characteristics by identifying the penetration height of low-temperature ethanol. The experiment was
conducted under phase pressure, and 273 K of air and 293, 263, and 233 K of ethanol was used. Shadowgraphy was
employed to measure the liquid penetration, and Otsu’s method was used to analyze the penetration height. The heights tend
to decrease as the temperature of the liquid jet decreases. A correlation for the penetration height in the experimental con-
ditions was derived and presented.
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Fig. 1 Penetration height of liquid jet in crossflow
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Table 1 Operating limitation of Trent 1000 and Trent 7000”

Airplane Limitation of air | Limitation of fuel
P temperature[K] temperature[K]
Trent 1000 ~973 219~338
Trent 7000 ~973 219~338
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Fig. 3 Schematic of nozzle injector
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Table 2 Visualization method and high speed camera set-
ting conditions

Visualization method

Backlight visualization

High speed camera setting conditions

Frames per second [fps] 3,000

Shutter speed [s] 1/100,000

Table 3 Test conditions of LICF

Air

Tempe?;trure(K) 273

oo (kg/m®) 1.294
Lo 107 (Ns/m?) 13.313

Ethanol
Test conditions STP LTISTC
Fuel Temperature(K) 293 263 233

o+ 1072 (N/m) 2222 2477 2.468
Wi+ 1078 (Ns/m?) 1.492 2.811 6.05

0 (kg/m?) 789.03 817.86 845.31
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Table 4. Parameters according to the experimental conditions

Test number 7. [K] 7; [K] q We, Oh U, [m/s] | U; [m/s] V; S
Test 1 273 293 18 95.13 0.0027 52.18 8.96 1.487 0.305
Test 2 273 293 27 63.42 0.0021 42.60 8.96 1.487 0.305
Test 3 273 293 36 47.56 0.0019 36.90 8.96 1.487 0.305
Test 4 273 263 18.66 85.34 0.0048 52.18 8.96 2.802 0.340
Test 5 273 263 27.99 56.89 0.0039 42.60 8.96 2.802 0.340
Test 6 273 263 37.32 42.67 0.0034 36.90 8.96 2.802 0.340
Test 7 273 233 19.28 76.37 0.0098 52.18 8.96 6.033 0.380
Test 8 273 233 28.93 5091 0.0080 42.60 8.96 6.033 0.380
Test 9 273 233 38.67 38.19 0.0070 36.90 8.96 6.033 0.380
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