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 مختلف آن  يهاقسمت يهندسه افشانه و نامگذار .1شکل 

𝜕𝛼𝑘𝜌𝑘

∂𝑡
+ ∇ ⋅ 𝛼𝑘𝜌𝑘𝑣𝑘 = ∑ Γ𝑘𝑙
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+𝛼𝑘𝜌𝑘 − 𝛼𝑘𝜌𝑘𝜀𝑘 + ∑ 𝐾𝑘𝑙

𝑁

𝑙=1,𝑘≠𝑙

+ 𝐾𝑘 ∑ Γ𝑘𝑙

𝑁

𝑙=1,𝑘≠𝑙

, 𝑘

= 1,… , 𝑁 

𝜕𝛼𝑘𝜌𝑘𝜀𝑘
𝜕𝑡

+ ∇ ⋅ 𝛼𝑘𝜌𝑘𝑣𝑘𝜀𝑘 

= ∇ ⋅ 𝛼𝑘 (𝜇𝑘 +
𝜇𝑘
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−𝛼𝑘𝜌𝑘𝐶2
𝜀𝑘
2

𝑘𝑘
+ 𝛼𝑘𝐶4𝜌𝑘𝜀𝑘∇ ⋅ 𝑣𝑘, 𝑘 = 1,… , 𝑁 
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𝑁0
′′′
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2
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𝑚𝑑

𝑑𝑢𝑖𝑑
𝑑𝑡

= 𝐹𝑖𝑑𝑟 + 𝐹𝑖𝑔 + 𝐹𝑖𝑝 + 𝐹𝑖𝑏 

𝐹𝑖𝑑𝑟
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𝐶𝐷
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𝑅𝑒𝑑𝐶𝑝
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𝑟𝑎 = 𝐶1 ⋅ Λ 

C1C2

 هياول يق گلوله در فروپاشيک مدل تزريشمات .2شکل 
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𝑑𝑟

𝑑𝑡
= −

(𝑟 − 𝑟𝑠𝑡𝑎𝑏𝑙𝑒)

𝜏𝑎
 

𝜏𝑎

(26) 𝜏𝑎
3.726 ⋅ 𝐶2 ⋅ 𝑟

Λ ⋅ Ω
 

𝐶2𝑟𝑠𝑡𝑎𝑏𝑙𝑒

Λ

𝑟𝑠𝑡𝑎𝑏𝑙𝑒 = 𝐶1 ⋅ Λ 

𝛬𝛺

Λ = 9.02. 𝑟
(1+0.45⋅𝑜ℎ0.5)(1+0.4⋅𝑇0.7)

(1+0.87⋅𝑊𝑒𝑔
1.67)

0.6   

Ω = (
𝜌𝑑𝑟

3

𝜎
)

−0.5
0.34 + 0.38.𝑊𝑒𝑔

1.5

(1 + 𝑜ℎ)(1 + 1.4 ⋅ 𝑇0.6)
 

WeOh

𝑇 = 𝑜ℎ ⋅ 𝑊𝑒0.5 

][

. 

 

 𝑦+

  

ار )بالا( و يسوراخ نازل بدون ش يکيافشانه  در نزد يبندشبکه .3شکل 

 ن(ييار )پايش يدارا

 ]6[ال درون افشانه يان سيجر يه و مرزيط اوليشرا .2جدول 
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 گراديدرجه سانت 40 يزل در دمايخواص سوخت د .1جدول 

    
kg

m3

Pa-s

N/m

Pa

 

 لنگليه ميسوزن برحسب زاو يينحوه جابجا .4شکل 

][

× × 

][

-

k-epsilon

 SIMPLE 

-

][

 يات شبکه بندي)بالا( و جزئ ياهندسه محفظه احتراق استوانه. 5شکل 

 ن(ييمحفظه احتراق در محل پاشش سوخت )پا

 

 پاشش سوخت يسازهيشب يبرا يط وروديشرا .3 جدول
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 افشانه در حالات مختلف  يع برايفاز ما يکسر حجم .6شکل 

t=0.8 ms

×

.

𝐶𝑑 =
𝑚̇

𝑚̇𝑡ℎ
=

𝑚̇

𝐴𝑡ℎ√2𝜌𝑓∆𝑝
 

ار يش يع درون سوراخ نازل افشانه دارايفاز ما يع کسر حجميتوز .7شکل 

 پاشش يمختلف در مدت زمان انتها يهاسوخت يبرا

𝑚̇

𝐴th𝜌𝑓

∆𝑝
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 مختلف يهاحالت ينازل برا يه در خروجيب تخليضر .8شکل 

 

 اريش يان درون افشانه با نازل دارايخطوط جر .9شکل 

 

 
 فواره سوخت يهاک مشخصهيشمات. 10شکل 
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𝑊𝑒 =
𝜌𝑔𝑢𝑟𝑒𝑙

2 𝐷𝑛

𝜎𝑙
 

𝑢𝑟𝑒𝑙

-

 

 مختلف  يهاحالت ينازل برا يسرعت متوسط در خروج. 11شکل 

 مختلف يهاحالت ينازل برا يخروج يجرم يدب .12شکل 

 

 مختلف يهاحالت يطول نفوذ فواره برا. 13شکل

 
 مختلف يهاحالت يقطر متوسط ساتر برا. 14شکل 
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ساختار فواره محاسبه شده در محفظه احتراق در مدت زمان  .15شکل 

 پاشش يانتها

 فواره در هر حالت يمحاسبه شده برا يمخروط يايزوا .16شکل 

-

-

-



  

 هوافضا يدانش و فناورنشریة علمي  76
 

عه 
طال

م
ت

وخ
 س

اره
 فو

تار
 رف

 بر
انه

فش
ل ا

ناز
ن 

رو
ر د

شیا
اد 

يج
ر ا

اثی
ی ت

دد
ع

زل
ودي

و بی
ل 

ديز
ور 

موت
ی 

ها
 

[1] J. B. Heywood, Internal Combustion Engine 

Fundamentals, McGraw-Hill, Inc., New York, 

1998. 

[2] S. M. Sapuan, H. H. Masjuki, and A. Azlan, The 

use of palm oil as diesel fuel substitute. Proc Inst 

Mech Engrs Part A J Power Energy, Vol. 210, 

pp. 47-53, 1996. 

[3] S. Murillo, J. Miguez, L. J. Porteiro, E. Granada, 

and J. C. Moran, Performance and exhaust 

emissions in the use of biodiesel in outboard 

diesel engines. Fuel, Vol. 86, pp.1765-1771, 

2007. 

[4] B. Ghobadian, H. Rahimi, A. M. Nikbakht, G. 

Najafi, and T. F. Yusaf, Diesel engine 

performance and exhaust emission analysis using 

waste cooking biodiesel fuel with an artificial 

neural network. Renewable Energy, Vol. 34, 

pp.976-982, 2009. 

[5] M. Graboski, and R. McCormick, Combustion of 

fatand vegetable oil derived fuels in diesel 

engines. Progressin Energy and Combustion 

Science, Vol. 24, pp.125-164, 1999.

[6] M. Battistoni, C. N. Grimaldi, Numerical analysis 

of injector flow and spray characteristics from 

diesel injectors using fossil and biodiesel fuels, 

Applied Energy, Vol. 97, No. 1, pp. 656-666, 

2012. 

[7] R. Payri, J. M. Desantes, F. J. Salvador, J. Manin, 

Influence on diesel injection characteristics and 

behavior using biodiesel fuels, SAE paper 2009-

01-0851; 2009.

[8] L. Allocca, E. Mancaruso, A. Montanaro, B. M. 

Vaglieco, A. Vassallo, Renewable 

biodiesel/reference diesel fuel mixtures 

distribution in non-evaporating and evaporating 

conditions for diesel engines. SAE paper 2009-

24-0054; 2009. 

[9] C.N. Grimaldi, L. Postrioti, Experimental 

comparison between conventional and bio-

derived fuels sprays from a common rail injection 

system. SAE paper 2000-01-1252, 2000.  

[10] H. K. Suh, S.W. Park, and C. S. Lee, 

Atomization characteristics of di-methyl ether 

fuel as an alternative fuel injected through a 

common-rail injection system, Energy and Fuels, 

Vol. 20, pp. 1471-1481, 2006. 

[11] L. Postrioti, C. N. Grimaldi, M. Ceccobello, and 

R. Di Gioia, Diesel common rail injection system 

behavior with different fuels. SAE paper 2004-

01-0029; 2004.

[12] S. Som, A. L. Ramirez, D.E. Longman, and S.K. 

Aggarwal, Effect of nozzle orifice geometry on 

spray, combustion, and emission characteristics 

under diesel engineconditions, Fuel, Vol. 90, 

pp.1267–1276, 2011. 

[13] C. Arcoumanis, C. B. Crookes, and E. 

Kinoshita, The potential of di-methyl ether 

(DME) as an alternative fuel for compression-

ignition engines: A review, Fuel, pp. 1014-1030, 

2008. 

[14] M. Jabbarzade, P. Jabbarzadeh, M. T. 

Shervanitabar, Numerical comparison of physical 

conditions effect on spray behavior of di-methyl 

ether, biodiesel and diesel fuels, Journal of 

engine research, Vol. 35, pp. 17-29, 2014. (in 

Persian) 

[15] Avl List GmbH. AVL Fire v. 2013, CFD solver, 

Eulerian multiphase, 2013. 

[16] W. Edelbauer, Coupling of 3D Eulerian and 

Lagrangian Spray Approaches in Industrial 

Combustion Engine Simulations, Journal of 

Energy and Power Engineering, Vol. 8, No. 1, 

pp. 190-200, 2014. 

[17] Avl List GmbH. AVL Fire v. 2013, CFD solver, 

Spray, 2013. 

[18] H. Mohammadi, P. Jabbarzadeh, M. 

Jabbarzadeh, M. T. Shrevani-Tabar, Numerical 

investigation on the hydrodynamics of the 

internal flow and spray behavior of diesel fuel in 

a conical nozzle orifice with the spiral rifling 

likeguides, Fuel, Vol. 196, No. 5, pp. 419-430, 

2017. 

[19] A. H. Farajollahi, R. Firuzi, M. Pourseifi, A. 

Mardani, M. Rostami, Numerical investigation of 

the effect of swirl and needle lift profile change 

on the diesel fuel spray behavior, Journal of 

engine research, Vol. 54, pp. 25-38, 2019. (in 

Persian)

[20] H. Fujimoto, T. Mishikori, T. Tsumakoto, 

J.Senda, Modeling of atomization and 

vaporization process in flash boiling spray, 

ICLASS-94 Conference, France, 1994. 

[21] R. H. Perry, and D. W. Green, Perry's chemical 

engineer's handbook, McGraw-Hill, 1997.

[22] W. Yuan, A. C. Hansen, and Q. Zhang, Vapor 

pressure and normal boiling point predictions for 

pure methyl esters and biodiesel fuels, Fuel, Vol. 

84, pp. 943-950, 2005. 

[23] W. Yuan, A. C. Hansen, and Q. Zhang, 

Predicting the temperature dependent viscosity of 

biodiesel fuels. Fuel, Vol. 88, pp. 1120-1126, 

2009.

[24] C. A. W. Allen, K. C. Watts, R. G. Ackmanb, 

Predicting the surface tension of biodiesel fuels 

from their fatty acid composition. J Am Oil Chem 

Soc, Vol. 76, pp. 317-323, 1999. 

 

                                                            
1. AVL_Fire 

2. Dukowicz 

3. Nordin 


