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Characteristics of Heptane Droplet Vaporization in High-Pressure

and Temperature Flow Field
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Abstract

Vaponization characteristics of a liquid heptane droplet in high—pressure and temperature flow
field are numerically studied. Variable thermodynamic and transport properties and high-pressure
effects are taken into account in order to consider real gas effects. Droplet vaporization in
convective environments was investigated on the basis of droplet vaporization in quiescent and
convective environment. In quiescent environments, droplet lifetime is directly proportional to
pressure at the subcritical temperature range but it is inversely proportional to pressure at the
supercritical temperature range. In convective environment, droplet deformation becomes stronger
by increasing Reynolds number due to increase of velocity while droplet deformation is
relatively weak at a higher pressure for the same Reynolds number cases.
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Table 1 Critical properties of the species
in the hydrocarbon/air system
Mw Tc | Pc Ve
(g/mole)| (K) | (bar) |(cm®/mole)
CiHy | 100 |5402)27.4| 4320
N, 28 126.21 33.9 39.8
0, 31 |1546} 50.4 734
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Table 2 Test matrix
convective velocity (m/sec)
{Reynolds No.)
100atm 10 (150) 20 (300)
400atm 2.5 (150) 5.0 (300)
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Fig. 3 Vapor-Liquid phase equilibrium

with pressure at droplet surface
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Fig. 6 Transient evolution of density contour at different convective velocity
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Fig. 8 Influence of convective velocity and

ambient pressure on droplet vaporization

Fig. 8& U@ elolszFox ARt 43
of W& AMef vzt AnE AFHoE vt
Wi gloh ol7jM Mz delgle 4z
FHIEE e chgat ol AefRoh

aqagug = TIREATILR
pa) = =2 0

23 ol 100ame2A 2L F9 #F

257} 72tz 10m/sec, 20m/secq] A $& 49

ue F9 7% 45 O 2 5 dolsxs

2B A9t B AN g

gol o AL & & Uk ol dAAe 73
7t o ol AYSNSE vebdch YT &
o4 dafx F9 ¢He FIAg Yotr
7] #siA A ez Yebd  100atm,
20m/sec?l 74 -%(Re=300)%} 400atm, 5.0m/secg!

7A9-(Re=300)F vlusinwl 4ol vt A9
o AMAFugol o Ach F o] e
ol Mo szt W ade ¢ £
c}

4 BE

o, 1 AHE Teste] Ay AR e 7



(1) AABE WolA e 27 Yoz
x

7l MR el FAge) weh Aae 2R

ol ke SRk
(4) #ol==$rt e uol= o) wo
ol AHe 7187 o Esid

P ATE WMYE FFETYER Tv) A
o) A9z 298 A7ATY Yoy
A 4ol sy

ag
Hd
r U

al

1. Manrique, JA.
"Calculations  of

and Borman, GL.,
steady  state droplet
vaporization at high pressures”, Int. J. Heat
Mass Transfer, Vol. 12, pp. 1081-1095, 1969
2. Hinze, ].O. "Fundamentals of the
hydrodynamic mechanism of splitting in
dispersion processes”, A. I. Ch. E. Journal,
Vol. 1, No. 3, pp. 289-295, 1995
3. Pilch, M. and Erdman, CA, "Use of
breakup time data and velocity history data
to predict the maximum size of stable
fragments for acceleration-induced breakup of
a liqguid drop”. International Journal of
Multiphase Flow, Vol. 13, No. 6, pp. 741-757,
1987
4, Hsiang, L.P. and Faeth, GM., "Near-limit
drop deformation and secondary breakup”,

sttt Ao g 3tebelx] A 9d Al43(2004)/89

international Journal of Muluphase Flow, Vol
18. No. 5. pp. 635-652, 1992
5. Hsiao, G.C,

vaporization and combustion in quiescent and

"Supercritical  droplet

forced-convective  environments”, Ph. D.
thesis, The Pennsylvama State University,
University Park, PA, 1995

6. Hua "Liquid-fuel
vaporization  and  cluster

Meng, droplet.

behavior  at

supercritical conditions”, Ph. D. thesis, The

Pennsylvania State University, 2001

7. o1 AA, o18F, HEH, TR, “oldA H

YA 'L A A9 V)3 54 A7)
&k

e esA, A3, AT, pp. 85-93,

8 ~ S

A BA FHA 5L A8 A3 73
£4" g AEs=FBHA, A28A, A103F,
pp. 1279-1287, 2004

9. Choi, Y.H. and Merkle, C.L. "The
application of viscous flows”, Journal of
Computational Physics, Vol. 109, pp. 207-223,
1993

10. Graboski, M.S. and Daubert, TE, "A
modified soave equation of state for phase
equilibrium

calculation, 1. Hydrocarbon

systems”, Industrial and Engineering
Chemistry Process Design and Development,
Vol. 17, No. 4, pp. 443-448, 1978

11. Polling, BE., Prausnitz, JM and O'connell, JP,
"The properties of gases and liquids”, 5th edition,
MacGraw-Hill, pp. 10.3, 2001

12.  Ranger, A.A. and Nicholls, JA.
"Aerodynamic shattering of liquid drops”,
AIAA Journal, Vol. 7, No. 2, pp. 285-290,
1969

13, Wierzba, A.

"Experimental

and Takayama, K,
investigation of the
aerodynamic breakup of liquid drops”, AIAA

Journal, Vol. 26, No. 11, pp. 1329-1333, 1983



