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Abstract

The thermophysical properties of liquids are important for simulating thermal energy cases, such as
combustion, heat transfer, and reactive flows. The thermophysical properties at a certain pressure or
temperature are computed using a thermophysical model with a database of liquid properties in
OpenFOAM. Approximately 30 liquid thermophysical property databases have been constructed in
OpenFOAM. However, databases must be constructed to simulate the spray combustion of fuel, which is
not available in OpenFOAM. In this study, a thermophysical properties database of i-pentane was
constructed in OpenFOAMv7 by referring to the DIPPR and Lawrence Livermore National Laboratory
databases. The i-pentane spray evaporation was calculated using the sprayFoam solver. Consequently, the
spray numerical simulation with i-pentane was successfully executed. These results demonstrate the
feasibility of adding new liquid fuels to OpenFOAM without modifying the existing estimation framework.

Keywords: OpenFOAM, Thermophysical properties, Liquid, CFD

1. [FLC&IC

RS DI T, RBERFRICIIT D3 2 o L—3 3 UITREB Ok b 36 L OABE B FR 0 BRAZ-CHE 47
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Table 1 Equations of physical properties of i-pentane

Properties Unit Eqn. No. | Class name in

OpenFOAM
Density kg/m3 (5) NSRDSFunc5
Vapour pressure Pa (D NSRDSFuncl
Heat of vaporization ]/kg (6) NSRDSFunc6
Liquid heat capacity ]/ (kg K) (D NSRDSFuncO
Liquid enthalpy ]/kg (1) NSRDSFunc0
Ideal gas heat capacity ]/ (kg K) (7) NSRDSFunc7
Second virial coefficient m3/kg (4) NSRDSFunc4
Liquid dynamic viscosity Pas (2) NSRDSFunc1
Vapor dynamic viscosity Pas 3) NSRDSFunc?
Thermal conductivity W/(mK) | (1) NSRDSFunc0
Vapor thermal conductivity | W/(mK) | (3) NSRDSFunc?
Surface tension N/m (6) NSRDS Func6
Vapor diffusivity m2/s 9 APIdiffCoefFunc*

* No data for iC5H12
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R2THFSRMZ, B1ICERAZRZEM OB 4 <3 . FH5 Y 1/NZ1% OpenFOAMv7 @ SprayFoam
ZHAV, RKFFETIEF =2 — b Y 71D aachenBomb Z FEIZHE LM EE2FRTE L. WIRICITAERIE
JE 290 K @ i~ % (i-CsHiz) ZMEFLEE 190 um @/ XL BIE SR 1.25 ms T 6.0 mg M5 L
7o, EFENEAE (EFE OEFEINFE COAE) 1L 20 deg. T, NWEMEIL0degnhFEE L, R
FORIFE Dmean 7% 150 um DR % Rosin-Rammler ORIFE53AG  (Fe/INRIFE Dimin @ 1 pum, F RKKIEE Diax
150 pum, $HE AR n 0 3) THEH SH72. FHESKOEEIX 400 K T, K&JE (1013 kPa) OZELTH
%, FHERGEEEIEE S 100mm, BATE, #EE H1220mm THY, &I HMIC 100 5F], BATE,
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Table 2 Calculation conditions

Fuel i-C5Hy,
Fuel temperature 290K
Injection quantity 6.0 mg
Nozzle diameter 190 pm
Injection duration 1.25 ms
Spray inner angle &, 0 deg.
Spray outer angle 4, | 20 deg.

SizeDistribution

Rosin-Rammler
D ean: 150 pm, D0 1 pum,
D oy 150 pm, n: 3

Ambient temperature 400 K
Ambient pressure 101.3 kPa
Ambient gas Air

n-heptane
(Tyoi= 371 K) (T, ;= 300 K)
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Fig.2 Droplet size distribution and vapor
concentration on the vertical section at 1 ms from
injection start
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Fig.1 Computational mesh and boundary
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Fig.3 Temporal change of vapor mass for
i-pentane and n-heptane
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Fig. 4 Temporal change in liquid penetration for
i-pentane and n-heptane
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A TIL OpenFOAM (2T CTIZEEIN TV AIYMEHRET V2 %ETTIZ, BEFET — 2 X— R T8RS
TR - X ORI Z #7212 AN LC, sprayFoam Y /L% W THEEEFEEZ VI 2L — 3
YTz, EORER, BEMICHEZFETTHZEICHEIIL, Ta— I TAO n-~T X Dr—2ADGEL
e LT, BWRIRR &, /RIS, IRVARKIREORBNAREL ooz, 2 b OfERIL DIPPR [2]72 LD
T —=H _R—= 2 EH AT IE, OpenFOAM ([ZHE SN TV ARWRKOBMIMEEZEANTHZ ENAETH D &
WIHIFEERL TS, LhL, KRRORIC—HOBMMENRRE T 52 b5 & Bbn, ZoHEI13EI
T OHERXOBYMMEZEAT 2R EOTRNB/UEL 0D, 72720, RMOMERITH Y ORI ZBINT 5
B OBREHTHY, TV 7R EDOEZESTEIRE AW 5G CIRIRGTEIRIZ xS 2 B PHEE O HE 23 2
FL7e%. OpenFOAM (IZHET /N EHWHHEFR HFERNHESNTWDZ LD, 2 E WD MLEER
5.

AR LTz -0 % v OEWIET — # _— R, sprayFOAM >/ /L 3\ GitHub (2 CZARI L TV 5[6].
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TR AR 2 UEWET—2 X—X (IC5H12.0)
A THEALZa— RO - & OBWMEIZET 25 /0% Code 1 1T~ T. BWpMET — & X— A DOFEHIL
AT 2 b— 3 T L7z sprayFOAM VL N & L 12 GitHub (2 TAB L TV 5 [6].

Code 1 A part of IC5H12.C.

1 Foam: : IC5H12::IC5H12()

2 :

3 liquidProperties

4

5 (

6 72.150, //Molecular Weght [kg/kmol]

7 460.43, //Critical Temperature [K]

8 3.3812e+6, //Critical Pressure [Pa]

9 0.306, //Critical Volume [m3/kmol]

10 0.270, //Critical Copress Factor [-]

11 113.25, //Triple Point Temperature [K]

12 1.1569e-4, //Triple Point Pressure [Pa]

13 300.99, //Normal Boiling Point [K]

14 4.3363e-31, //Dipole moment [-]

15 0.2275, //Pitzer’s Acentric Factor [-]

16 1.3857e+4 //Solubility Parameter [(3/m"3)70.5]

17 ),

18

19 rho_(66.37038, 0.27815, 460.4, 0.28667), //Density calculates by using NSRDS Func5 [kg/m3]

20 pv_(71.308, -4976, -7.7169, 8.7271e-06, 2.0), //Vapor pressure calculates by using NSRDS Funcl
[Pa]

21 hl (460.43, 5.2253e+5, 3.9520e-1, 0.0, 0.0, 0.0), //Heat of Vaporization calculates by using
NSRDS Funcé6 [J/kg]

22 Cp_

23 (

24 1501.065,

25 2.02359624,

26 -0.00404719,

27 2.0929e-5,

28 0.0,

29 0.0

30 ) //Liquid heat capacity calculates by using NSRDS Func® [J/kgK]

31 h_

32 (

33 -3124090,

34 1818.086819,

35 1.522861242,

36 -0.00034906,

37 4.07806e-8,

38 -1.89708e-12

39 ) //Liquid enthalpy calculates by using funce [J/kg]

40 Cpg_(9.9182e+2, 5.4387e+3, 6.3720e+2, 1.0017), //Ideal gas heat capacity calculates by using
NSRDS Func7 [3/(kgK)]

41 B_

42 (

43 2.3937e-3,

44 -2.6016,

45 -231850.0,

46 3.9169e+16,

47 3.3126e+16

48 ) //Second virial coefficient calculates by using NSRDS Func4 [m3/kg]

49 mu_(-12.596, 889.11, 0.20469, 0.0, 0.0), //Liquid dynamic viscosity calculates by using NSRDS
Funcl [Pas]

50 mug_(2.4344e-08, 0.97376, -91.597, 18720.0), //Vapor dynamic viscosity calculates by using NSRDS
Func2 [Pas]

51 kappa_(0.21246, -0.00033581, 0.0, 0.0, 0.0, 0.90), //Thermal conductivity calculates by using
NSRDS Funce [W/(mK)]

52 kappag_(0.0008968, 0.7742, 456.0, 230640.0), //Vapor thermal conductivity calculates by using
NSRDS Func2 [W/mK]

53 sigma_(460.43, 0.050926, 1.2078, 0.0, 0.9, 0.0), //Surface tension calculates by using NSRDS
Funcé [N/m]

54 D (147.18, 20.1, 72.150, 28) // Vapor diffusivity (APIdiffCoefFunc) [m2/s] ; temporarily set to n-
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heptane values
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