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			The major topics covered in this chapter are:

			•Introduction to Fluid Mechanics

			•Introduction to CFD

			•Introduction to Autodesk CFD 2018

			•Downloading Autodesk CFD 2018

		


			Introduction of Fluid Mechanics

			During the course, you will know various aspects of Autodesk CFD for various practical problems. But, keep in mind that all computer software work on same concept of GIGO which means Garbage In - Garbage Out. So, if you have specified any wrong parameter while defining properties of analysis then you will not get the correct results. This problem demands a good knowledge of Fluid Mechanics so that you are well conversant with the terms of classical fluid mechanics and can relate the results to the theoretical concepts. In this chapter, we will discuss the basics of Fluid Mechanics and we will try to relate them with analysis wherever possible.

			Basic Properties of Fluids

			There are various basic properties required while performing analysis on fluid. These properties are collected by performing experiments in labs. Most of these properties are available in the form of tables in Steam Tables or Design Data books. These properties are explained next.

			Mass Density, Weight Density, and Specific Gravity

			•Density or Mass Density if the mass of fluid per unit volume. In SI units, mass is given by kg and volume is given by m3. So, mathematically we can say,

				Density (or Mass Density)  [image: ] kg/m3

			•If you are asked for weight density then multiply mass by gravity coefficient. Mathematically it can be expressed as:

				Weight Density w = [image: ] N/m3

			•Most of the time, fluid density is available as Specific Gravity. Specific gravity is the ratio of weight density of fluid to weight density of water in case of liquid. In case of gases, it is the ratio of weight density of fluid to weight density of air. Note that weight density of water is 1000 kg/m3 at 4 oC and weight density of air is 1.225 kg/m3 at 15 oC. 

			Note that as the temperature of liquid rises, its density is reduced and vice-versa. But as the temperature of gas rises, its density is increased and vice-versa.

			Viscosity

			Viscosity is the coefficient of friction between different layers of fluid. In other terms, it is the shear stress required to produce unit rate of shear strain in one layer of fluid. Mathematically it can be expressed as:

				[image: ] N.s/m² or Pa.s

			where μ is viscosity, τ is shear stress (or force applied tangentially to the layer of fluid) and (dx/dy) is the shear strain.

			As the density of fluid changes with temperature so does the viscosity changes with temperature. the formula for viscosity of fluid at different temperature is given next.

			For Liquids,		 [image: ]

			For Gases, 		[image: ]

			here, [image: ] is viscosity at 0 oC

			         α and β are constants for fluid (for water α is 0.03368 and β is 0.000221) 

								(for air α is 5.6x10-8 and β is 1.189x10-10)

			          t is the temperature

			Problem on Viscosity

			Dynamic viscosity of lubricant oil used between shaft and sleeve is 8 poise. The shaft has a diameter of 0.4 m and rotates at 250 r.p.m. Find out the power lost due to viscosity of fluid if length of sleeve is 100 mm and thickness of oil film is 1.5 mm; refer to below figure.

			[image: ]

			Solution:

			Viscosity μ = 8 poise = 8/10 N.s/m² =0.8 N.s/m²

			Tangential velocity of shaft [image: ] [image: ]=5.236 m/s

			Using the relation, [image: ]

			where dx is 5.236

			and 	dy is 1.5x10-3

					[image: ] = 2792.53 N/m2

			Shear force F = τ x Area 

			[image: ] N

			Torque (T) = Force x Radius = 350.92 x 0.2 = 70.184 N.m

			Power = 2 π.N.T/60 = (2 π x 250 x 70.184)/60=1837.41 W Ans.

			Now, you may ask how this problem relates with CFD. As discussed earlier, the viscosity changes with temperature and as fluid flows through pipe or comes in contact with rolling shaft, its temperature rises. In such cases, CFD gives the approximate viscosity and temperature of fluids in the system at different locations. This data later can be used to find solution for other engineering problems.

			Types of Fluids

			There are mainly 5 types of fluids:

			Ideal Fluids: These fluids are incompressible and have no viscosity which means they flow freely without any resistance. This category of fluid is imaginary and used in some cases of calculations.

			Real Fluids: These are the fluids found in real world. These fluids have viscosity values as per their nature and can be compressible in some cases.

			Newtonian Fluids: Newtonian fluids are those in which shear stress is directly proportional to shear strain. In a specific temperature range, water, gasoline, alcohol etc. can be Newtonian fluids.

			Non-Newtonian Fluids: Those fluids in which shear stress is not directly proportional to shear strain. Most of the time Real Fluids fall in this category.

			Ideal Plastic Fluids: Those fluids in which shear stress is more than yield value so say fluid deforms plastically. The shear stress in these fluids is directly proportional to shear strain.

			Thermodynamic Properties of Fluid

			Most of the liquids are not considered as compressible in general applications as their molecules are already bound closely to each other. But, Gas have large gap between their molecules and can be compressed easily relative to liquids. As we pick pressure to compress the gas, other thermodynamic properties also come into play. The relationship between Pressure, Temperature, and specific Volume is given by;

							P.V = RT

			P = Absolute pressure of a gas in N/m²

			V = Specific Volume = 1/ ρ

			R = Gas Constant (for Air is 287 J/Kg-K

			T = Absolute Temperature

			ρ = Density of gas

			If the density of gas changes with constant temperature then the process is called Isothermal process and if density changes with no heat transfer then the process is called Adiabatic process.

			For Isothermal process,		p/ρ = Constant

			For Adiabatic process, 		p/ ρk = Constant

			Here, k is Ratio of specific heat of a gas at constant pressure and constant volume (1.4 for air).

			Universal Gas Constant

			By Pressure, Temperature, volume equation,

								p.V = nMRT

			Here,

			p = Absolute pressure of a gas in N/m²

			V = Specific Volume = 1/ ρ

			n = Number of moles in a Volume of gas

			M = Mass of gas molecules/ Mass of Hydrogen atom = n x m (m is mass gas in kg) 

			R = Gas Constant (for Air is 287 J/Kg-K

			T = Absolute Temperature

			MxR is called Universal Gas constant and is equal to 8314 J/kg-mole K for water.

			Compressibility of Gases

			Compressibility is reciprocal of bulk modulus of elasticity K, which is defined as ratio of Compressive stress to volumetric strain.

			Bulk Modulus = Increase in pressure/ Volumetric strain

			K = -(dp/dV)xV 

			Vapour Pressure and Cavitation

			When a liquid converts into vapour due to high temperature in a vessel then vapours exert pressure on the walls of vessel. This pressure is called Vapour pressure.

			When a liquid flows through pipe, sometimes bubbles are formed in the flow. When these bubbles collapse at the adjoining boundaries then they erode the surface of tube due to high pressure burst of bubble. This erosion is in the form of cavities at the surface of tube and the phenomena is called Cavitation.

			Pascal’s Law

			Pascal’s Law states that pressure at a point in static fluid is same in all directions. In mathematical form px=py=pz in case of static fluids.

			Fluid Dynamics 

			Up to this point, the rules stated in this chapter were for static fluid that is fluid at rest. Now, we will discuss the rules for flowing fluid.

			Bernoulli’s Incompressible Fluid Equation

			Bernoulli’s equation states that the total energy stored in fluid is always same in a closed system. In the language of mathematics,

			[image: ]

			Here, 	p is pressure

				ρ is density

				V is velocity of fluid

				h is height of fluid

				g is gravitational acceleration

			Eulerian and Lagrangian Method of Analysis

			There are two different points of view in analyzing problems in fluid mechanics. The first view, appropriate to fluid mechanics, is concerned with the field of flow and is called the eulerian method of description. In the eulerian method, we compute the pressure field p(x, y, z, t) of the flow pattern, not the pressure changes p(t) that a particle experiences as it moves through the field.

			The second method, which follows an individual particle moving through the flow, is called the lagrangian description. The lagrangian approach, which is more appropriate to solid mechanics, will not be treated in this book. However, certain numerical analyses of sharply bounded fluid flows, such as the motion of isolated fluid droplets, are very conveniently computed in lagrangian coordinates.

			Fluid dynamic measurements are also suited to the eulerian system. For example, when a pressure probe is introduced into a laboratory flow, it is fixed at a specific position (x, y, z). Its output thus contributes to the description of the eulerian pressure field p(x, y, z, t). To simulate a lagrangian measurement, the probe would have to move downstream at the fluid particle speeds; this is sometimes done in oceanographic measurements, where flowmeters drift along with the prevailing currents.

			Now, we know the two methods of analyzing fluid mechanics problem. But, there are further three approaches  for these two methods by which problems are derived to solution. These approaches are:

			1.Control Volume 

			2.Differential 

			3.Experimental

			Control volume analysis, is accurate for any flow distribution but is often based on average or “one dimensional” property values at the boundaries. It always gives useful “engineering” estimates. In principle, the differential equation approach can be applied to any problem. Only a few problems, such as straight pipe flow, yield to exact analytical solutions. But the differential equations can be modeled numerically, and the flourishing field of computational fluid dynamics (CFD) can now be used to give good estimates for almost any geometry. Finally, the dimensional analysis applies to any problem, whether analytical, numerical, or experimental. It is particularly useful to reduce the cost of experimentation.

			Since the Differential Equation approach is more concerned to CFD so we will discuss this approach a little deeper.

			Differential Approach of 

			Fluid Flow Analysis

			As discussed earlier, in this approach, the fluid is divided in to very small finite number of elements via a computer process called meshing. Various equations for different properties of a fluid are given next.

			Acceleration

			Acceleration a can be given as:

			[image: ]

			Various components of acceleration a are:

			[image: ]

			Summing these into a vector, we obtain the total acceleration as

			[image: ]

			Similarly, you can divide other parameters as vector like Force, Pressure, Temperature, and so on.

			Introduction to CFD

			The CFD stands for Computational Fluid Dynamics. The Autodesk CFD 2018 book is truly for beginners. Absolutely no prior knowledge of CFD is assumed on your part, only your desire to learn something about the subject is considered.

			Computational Fluid Dynamics constitutes a new “third approach” in the philosophical study and development of the whole discipline of fluid dynamics. In the seventeenth century, the foundations for experimental fluid dynamics were laid in France and England. The eighteenth and nineteenth centuries saw the gradual development of theoretical fluid dynamics, again primarily in Europe. As a result, throughout most of the twentieth century the study and practice of fluid dynamics involved the use of theory on the one hand and pure experiment on the other hand.

			However, to keep things in context, CFD provides a new third approach-but nothing more than that. It nicely  and synergistically complements the other two approaches of pure theory and pure experiment, but it will never replace either of these approaches. There will always be a need for theory and experiment. The future advancement of fluid dynamics will rest upon a balance of all three approaches, with computational fluid dynamics helping to interpret and understand the results of theory, experiment and vice-versa; refer to Figure-1. 

			[image: ]

			Finally, we note that computational fluid dynamics is commonplace enough today that the composition CFD is universally accepted for the phrase ”Computational Fluid Dynamics”. We will use this composition throughout the book. 

			Computational fluid dynamics (CFD) is the use of applied math, physics, and computational software package to examine how a gas or liquid flows, also as how the gas or liquid affects objects as it flows past. Computational fluid dynamics is based on the Navier-Stokes equations. These equations describe how the velocity, pressure, temperature, and density of a moving fluid are related.

			Navier-Stokes equation

			The Navier-Stokes equations are the elemental partial differentials equations that describe the flow of incompressible fluids. Using the rate of stress and rate of strain, it can be shown that the parts of a viscous force F during a non rotating frame are given by-

			[image: ] 

			Where [image: ] is the dynamic viscosity, [image: ] is the second viscosity coefficient, [image: ] is the Kronecker delta,[image: ] is the divergence, [image: ] is the bulk viscosity and Einstein summation has been used to sum over j=1,2,and 3.

			•Dynamic Viscosity

			Dynamic viscosity is the force required by a fluid to overcome its own internal molecular friction so the fluid can flow. In other words, dynamic viscosity is defined as the tangential force per unit area required to move the fluid in one horizontal plane with reference to other plane with a unit velocity whereas the fluid’s molecules maintain a unit distance apart.

			A parameter [image: ] is defined as

			[image: ]

			Written explicitly.

			[image: ]

			Where l is the length scale and u is the velocity scale. In cgs [image: ] has units of g cm-1 s-1. Dynamic viscocity is related to kinematic viscocity [image: ] by 

			[image: ]

			Where [image: ] is the density.

			•Second Viscosity Coefficient

			For a compressible fluid, i.e. one for which [image: ]=0, where [image: ]is the divergence [image: ] of the velocity field, the stress tensor of the fluid can be written 

			[image: ]

			Where [image: ] is the Kronecker delta, [image: ] is the dynamic viscosity, and [image: ] is the second coefficient of viscosity. [image: ] is analogous to the first Lame constant. For an incompressible fluid, the term involving [image: ] drops out from the equation, so [image: ] can be ignored.

			•Kronecker Delta

			The simplest interpretation of the Kronecker delta is as the discrete version of the delta function defined by

			[image: ]

			The Kronecker delta is implemented in the Wolfram language as KroneckerDelta[i, j], as well as in a generalized form KroneckerDelta[i, j, ...] that returns 1 if all arguments are equal and 0 otherwise.

			It has the contour integral representation

			[image: ]

			Where [image: ] is a contour corresponding to the unit circle and m and n are integers.

			In three space, the Kronecker delta satisfies the identities

			[image: ]

			where Einstein summation is implicitly assumed. i,j=1,2,3,and [image: ] is the permutation symbol.

			Technically, the Kronecker delta is a tensor defined by the relationship

			[image: ]

			Since, by definition, the coordinates xi and xj are independent for i=j,

			[image: ]

			So

			[image: ]

			and [image: ] is really a mixed second-rank tensor. It satisfies

			[image: ]

			•Divergence

			The divergence of a vector field F, denoted div(F) or [image: ]F (the notation used in this work), is defined by a limit of the surface integral

			[image: ]

			Where the surface integral provides the value of  F integrated over a closed small boundary surface [image: ] surrounding a volume component V that is taken to size zero using a limiting method. The divergence of vector field is thus a scalar field. If [image: ]F=0, then the filed is alleged to be a divergence less field. The symbol[image: ] is referred to as nabla or del.

			•Bulk Viscosity

			The Bulk viscosity [image: ] of a fluid is defined as

			[image: ]

			Where [image: ] is the second viscosity coefficient and [image: ] is the shear viscosity.

			•Reynolds Number

			The Reynolds number for a flow through a pipe is defined as

			[image: ]

			Where [image: ] is the density of the fluid, u is the velocity scale, d is the pipe diameter and v is the kinematic viscosity of the fluid. Poiseuille (laminar) flow is experimentally found to occur for Re<30. At larger

			Reynolds numbers flow become turbulent. 

			•Density

			A measure of a substance’s mass per unit of volume. For a substance with mass m and volume V, 

			[image: ]

			For a body weight wa placed in a fluid of weight ww,

			[image: ]

			Where Gs is the specific gravity for an ideal gas,

			[image: ]

			•Kinematic Viscosity

			 A coefficient which describes the diffusion of momentum. Let [image: ] be the dynamic viscosity, then

			[image: ]

			The unit of kinematic viscosity is Stoke, equal to 1 cm2 s-1

			Vwater = 1.0 X 10-6 m2 s-1 =0.010 cm2 s-1

			Vair  = 1.5 X 10-5 m2 s-1 = 0.15 cm2 s-1

			Introduction to Autodesk CFD 2018

			Autodesk CFD 2018 is a powerful tool used to understand the behavior of fluid on a component design (Inside or Outside). The fluid can either be liquid or gas depends on the Designer’s choice  and real time environment. To understand and calculate the power of various natural and man-made process or operation had been a challenge  for the humanity since history. This inspired the greatest scientist to develop the science of fluid dynamics and its equations to harness the power of operations. These equations are very difficult to solve and also consume lots of time. Equations like, Continuity Equation, X- Momentum Equation, Y- Momentum Equation, Z- Momentum Equation, and some equations are stated above. These equations are so complex that even sometimes scientist are unable to solve these equations by hand. Due to the complexity of solving these types of equation by hand, it led to a software revolution that uses computers to solve these types of equations and to predict the behavior of fluid in a real-time situation. With the use of these software, one can easily understand and predict the behavior of fluid on the design of product.

			Use of Autodesk CFD 2018

			CFD is used in various aspects of a dynamics study. Fluids affect the properties of component, device, or structure through various ways. To predict these affect, we use the CFD based software. CFD is a important part of design process which benefits the areas like risk reduction, energy efficiency, and innovation. 

			•Increase Efficiency

			Fluids are all around us and they take energy to move from one place to another. By understanding the effects and forces of fluid dynamics, you can make a design of a particular product that uses less energy of fluid and also improve efficiency.

			•Risk Reduction

			You have heard these problems before, like  product failure, vehicle failure, structure failure, computer overheats, structure collapse due to high winds. In these cases, there may be a reason of unfair prediction of structure or parts with respects to the fluids. By running CFD analysis throughout the design process, one can reduce the chances of failure of product by solving many issues before they turn into a problem.

			•Innovation throughout Insight

			The testing of prototype of  a model in real situation could be costly and give discrete data. Also this process is time consuming. The CFD analysis in a software gives us a complete view of the flow and effects of fluid on the model structure. This can reduce the risk of failure of a component.

			Applications of Autodesk CFD 2018

			•Optimization of HVAC designs.

			•Validation of diverse design parameters.

			•Aerodynamics

			[image: ]

			•Industrial Fluid Dynamics

			[image: ]

			•Fluid Structure Interaction

			•Heat Transfer

			•Hydrodynamics

			•Multi-phase Flows

			[image: ]

			•CFD helps in design verification of systems like, Displacement ventilation system, vestibule smoke system, natural ventilation system.

			How does CFD works

			CFD software uses computer to solve mathematical equations for the problem. The main component of CFD design cycle are listed below:

			•The Designer or Analyst who states the problem to be solved.

			•Scientific knowledge of model and methods, expressed mathematically.

			•The software which embodies this knowledge and provides detailed instructions in the form of algorithm.

			•The computer hardware which perform the actual calculations.

			•The analyst who inspects and interprets the simulation results.

			Advantages of Autodesk CFD 2018

			You can do CFD analysis throughout the design process to enhance the properties of structure to make a good design.

			•Good insight into systems that might be difficult to prototype or test through experimentation.

			•Ability to foresee design changes and optimize accordingly.

			•Predict mass flow rates, pressure drops, mixing rates, heat transfer rates & fluid dynamic forces.

			Sometimes, CFD is able to simulate real conditions like:

			•Some flow and heat transfer processes cannot be tested, e.g. hypersonic flow.

			•CFD provides the ability to theoretically simulate any physical condition

			•CFD permits great control over the physical processes and offers the ability to isolate specific phenomena for study.

			•CFD permits the analyst to examine a large number of locations in the area of interest, and yields a comprehensive set of flow parameters for examination.

			Downloading Autodesk CFD 2018

			• Connect your PC with the internet connection and then login to https://www.autodesk.com/education/free-software/cfd as shown in Figure-2.

			[image: ]

			•If you have an account of Autodesk, click on the Sign In button. If not, click on the Create Account button from the displayed web page. The next page will be displayed regarding registration of account.

			•On next page, select your Country and Education role. In Country drop-down, select your Country and in Education role drop-down, you need to select Student ( There is free subscription for students with license term of 3 years) as shown in Figure-3.

			[image: ]

			• After filling the details, click on NEXT button. The next page of this website opens. In this page, you need to fill your personal details and then click on Create Account as shown in Figure-4. 

			[image: ]

			•After creating account, you need to verify your E-mail address by login into your E-mail account. After verifying E-mail address, you need to give your Education details. 

			•After completion of these processes, you need to sign-in into your Autodesk Account and search the Autodesk CFD (Computational fluid dynamics software). The page will be displayed; refer to  Figure-5

			[image: ]

			•Click on the Get it free for 3 years button which is placed just below the DOWNLOAD FREE TRIAL button. This button will let you download a student version of Autodesk CFD in which you have access to all tools of CFD software but, you can’t use this version commercially.



OEBPS/Fonts/MinionPro-Bold.otf


OEBPS/Images/8-16-2017_5-07-37_PM.png
C. .





OEBPS/Images/1200px-Greek_lc_eta.svg.png





OEBPS/Images/Image4402381.png
U=y + at — ft?






OEBPS/Images/8-16-2017_3-53-51_PM.png





OEBPS/Images/Image4540009.png






OEBPS/Images/8-17-2017_11-01-27_AM.png
A E





OEBPS/Images/Image4514685.png
_ mX0.4x250
- 60





OEBPS/Images/Viscosity_problem.png
Oil film 1.5mm

—

N

«—>
Sleeve length 100mm

I Shaft Dia 0.4m





OEBPS/Images/8-16-2017_4-38-42_PM.png





OEBPS/Images/Kronecker_delta.png





OEBPS/Images/e8b2ceec8c7ade11a7e02a4e7a4d57e01.png





OEBPS/Images/Image4525760.png





OEBPS/Images/Image4231919.png
Mass of Fluid X Gravity Coef ficient
Volume Occupied by Fluid






OEBPS/Images/Autodesk_CFD_2018_Book_Cover_kindle.jpg
Ainiyy

dEL A TR B
POL TS AL A
: ..,..o-,..&

! ;.\...‘: ..s ...;..... - > .A..,,.“,. ..... AL \ '.. ¢ . =1
\CFD 2018 Black Book |





OEBPS/Images/Image4383754.png
Uo





OEBPS/Images/8-16-2017_3-52-22_PM.png
pv





OEBPS/Images/Image9506845.png
1
p+ EpVZ + pgh = constant






OEBPS/Images/8-16-2017_4-46-37_PM.png
1

2ni

.§z‘“‘“ dz,





OEBPS/Images/cfd-multiphase-analysis-1.png





OEBPS/Images/8-17-2017_10-16-53_AM.png
=2
M

<&






OEBPS/Images/1200px-Greek_lc_eta.svg1.png





OEBPS/Images/6.png
{\ AUTODESK.

CFD

AUTODESK CFD

Computational fluid dynamics software

Autodesk® CHy softwate prowides computational fldiit dynamics and thermal simulation tools 16 fielp you
predict product performance, optimize designs, and vatidate prodiict behavior before manufactiing

oownommeETAL > | suascaise 8| © ravuneo ey

stem requirements

igure-5. Autodesk CFD webpage





OEBPS/Fonts/MinionPro-Semibold.otf


OEBPS/Images/8-17-2017_9-31-10_AM.png





OEBPS/Images/8-16-2017_3-37-08_PM.png
[Shear Stress] = T] [Strain Rate]






OEBPS/Images/1200px-Greek_uc_sigma.svg.png





OEBPS/Images/Image4504136.png
T XD XN
60





OEBPS/Images/grav2.png





OEBPS/Images/8-17-2017_10-47-16_AM.png





OEBPS/Images/8-17-2017_10-04-24_AM.png
pB =X+ 3p,





OEBPS/Images/5.png
Create account A

‘ First name H Last name ‘

[ enat \

[ contrmemat \

‘ Password ‘

(1 agree to the A360 Terms of Service, the Education
Special Terms Terms 2nd to the use of my personal
information in accordance with the Autodesk Privacy
Statement (including cross-border transfers as described
in the statement).

CREATE ACCOUNT

ALREADY HAVE AN ACCOUNT? SIGN IN

Figure-4. Creating account





OEBPS/Images/grav21.png





OEBPS/Fonts/MinionPro-Regular.otf



OEBPS/Images/4.png
Get Education Benefits t\

Country of educational institution

Country B
Educational role WHAT'S THIS ?
Educational role v

EXT

ALREADY HAVE AN ACCOUNT? SIGN IN

Figure-3. Select country and education role





OEBPS/Images/8-16-2017_3-50-21_PM.png





OEBPS/Images/8-16-2017_5-22-27_PM.png





OEBPS/Images/8-16-2017_5-33-12_PM.png





OEBPS/Images/Image21618966.png
LA AL AL W LAyt
L T (“ax Yoy Waz)_at :





OEBPS/Images/8-17-2017_9-42-17_AM.png
S=0V






OEBPS/Images/3.png
O\ Free Sofee for Student: X | o
<> C B @ wateskoom
G Googe [ Hles/Ciprogamcz

cation/ree-sofvare/cid

A\ AUTODESK o s @umv&nsmssm

EDUCATION  Freesoftware  Lean&teach  Competitions & events  Prepare & excel

CFD Design Study Environment
Autadesk® CFD software provides fast, accurate, and lexibe lud low and thermal
simulation tols to help you make great products.

System Requirements

Important Information:

CFD contans an Ul engine (CFD Design Study Environment) anda slver compenent
(CFD Motion). You need both ienses o properly run the software. The nstaler
contains both the U engine and the solver component 50 you only need 1o download

Please carefuly follow the steps to download and actvate CFD.
‘Step I: Get Education License of CFD Design Study Environment
L.5ign In or Create Account here.

2 Choose your software icense type, version, 05 and language.
3 Keep 3 opy of your product key and seral pumber.

1 have an account I need an account

IGN IN

Figure-2. Autodesk.com

Support

About Autodesk Education





OEBPS/Images/8-16-2017_5-35-16_PM.png
&





OEBPS/Images/8-16-2017_4-20-29_PM.png





OEBPS/Images/accelaration.png
dav

@

.du

Y

dv

+
"dr

dw
dt





OEBPS/Images/Image4380292.png
1
=0T ae + Be?





OEBPS/Images/8-17-2017_10-48-47_AM.png





OEBPS/Images/Image4304374.png
T dx

@)





OEBPS/Images/components_of_acceleration.png
du au au au o ou
=— + + =—+(V-Vu

dr ot ax | ay oz ot

dv Jv v v v Jv
ay=—=—4+u—+v—+w—=—+ (V:-V)v
; dt ot ax ay 0z t
dw  aw aw aow aw  ow
=—tu—+tv—+tw_—=—+(V-V)w

4 = — =
- dt at ax ady 9z at





OEBPS/Images/8-16-2017_5-33-19_PM.png





OEBPS/Images/Image4218125.png
Mass of Fluid

P = Volume Occupied by Fluid





OEBPS/Images/2.png
Pure
Experiment

Figure-1. The three dimensions of fluid dynamics





OEBPS/Images/8-17-2017_10-45-16_AM.png
S E





OEBPS/Images/Aerodynamics_CFD.png





OEBPS/Images/Heat-exchanger-simulation-jpg-1.png





OEBPS/Images/8-17-2017_10-07-05_AM.png





OEBPS/Images/8-16-2017_1-07-04_PM.png





OEBPS/Images/8-16-2017_3-43-41_PM.png
~l =





OEBPS/Images/8-16-2017_4-50-12_PM.png





OEBPS/Images/8-16-2017_5-36-28_PM.png
but =eni €t
=5,6,-5,6]

8aj 8bk ~ 8ak 8bj
bi






OEBPS/Fonts/ChaparralPro-BoldIt.otf


OEBPS/Images/0.png
+a#)+,\m,v- }

%m,v-n) -Hm%v'“]-





OEBPS/Images/8-16-2017_5-00-11_PM.png
b
€ipg€ipg =
€ jk €pqr =0ipBjg=0ig0jp,






OEBPS/Images/1.png
Topics Covere





OEBPS/Images/Image4565010.png
F=tXnmDXL=279253xmx0.4x 100X 1073 = 350.92






OEBPS/Images/e8b2ceec8c7ade11a7e02a4e7a4d57e0.png





