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Abstract: In order to investigate effects of pulsed thermal excitation on evaporation characteristics of liquid
fuel, a pulse power is used as an external thermal excitation to heat a microscale burner, where a suspended drop-
let is formed by continuously supplying liquid n—heptane, and unsteady evaporation characteristics of the droplet
under pulsed thermal excitation are studied. Firstly, output signal of the pulse power is obtained by oscilloscope,
and the air temperature and flame temperature are measured to obtain response of the temperature to the pulse
power. Secondly, oscillation of the droplet diameter with time is obtained by the image processing method. Final-
ly, the droplet evaporation rate is calculated to explain the droplet oscillation. The results show that, the droplet
evaporation rate always oscillates around the fuel supply rate, and the difference between them leads to the drop-
let oscillation. The pulsed thermal excitation first induces the air temperature oscillation, and causes the flame
temperature, droplet diameter and evaporation rate to oscillate at the same frequency, but all of them lag behind
the air temperature. Increasing the heating frequency or reducing the heating power can accelerate response of the
flame temperature to the air temperature oscillation, but delay response of the droplet diameter and evaporation

rate to the air temperature oscillation. The heating power significantly affects the average droplet diameter. When
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the power is lower than 16.0W, the droplet diameter exceeds the critical diameter of 2.6mm, and the droplet falls

to form a liquid film.

Key words: Pulse heating; Temperature oscillation; Thermal excitation; Dynamic response; Unsteady

evaporation
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Fig. 1 Schematic of experimental system
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Table 1 Measured U, I and P of pulse power in the

experiments

Set voltage/V. Measured U/V~ Measured I/A  Measured P/W

15.0 14.99 1.07 16.0
15.5 15.47 1.09 16.9
17.0 16.92 1.19 20.1
18.5 18.47 1.27 23.5
20.0 19.98 1.36 27.2
21.5 21.47 1.46 31.3
23.0 22.93 1.55 35.5
1200 150 120 - - 500
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Fig.3 Measured voltage,curent,power of the pulse power

and air temperature
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Table 2 Parameter values used in the model

Parameter Value
Special heat of gaseous n—heptane ¢, /(J-kg'-K™) 15828
Special heat of air cp‘m/( Jokg-K™) 1007124
Thermal conductivity of gas n—heptane A /(W -m ™K 0.015"
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Temperature at infinity 7, /K 293
Ambient vapor pressure p,/kPa 101.325
Molecular weights of n—heptane M /(g-mol™") 100.2
Molecular weights of air M, /(g-mol™) 29
Dynamic viscosity of gaseous n—heptane u/(Pa+s)  5.95x107°%
Dynamic viscosity of air s /(Pa+s) 18.5x107°24
Density of gaseous n—heptane p/(kg+m™) 4.168'%!
Density of liquid n-heptane p,/(kg-m™) 684!
Density of airp,/(kg-m™) 1.205%
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(b) Oscillation characteristics of the fuel output-input ratio
Fig. 13 Effects of the heating power on the fuel output-
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