An Introduction to

SolidWorks Flow
Simulation 2014

Better Textbooks. Lw P ces.
www.SDC


www.SDCpublications.com

Visit the following websites to learn more about this book:

Publications

SPe | amazoncom | Googlebooks | BARNESCNOBLE



http://www.sdcpublications.com/Textbooks/Introduction-SolidWorks-Flow-Simulation-2014/ISBN/978-1-58503-859-6/
http://www.amazon.com/gp/product/1585038598?ie=UTF8&tag=sdcpublications&linkCode=as2&camp=211189&creative=374929&creativeASIN=1585038598
http://books.google.com/books?vid=ISBN1585038598&printsec=frontcover
http://www.barnesandnoble.com/s/1585038598?dref=1&keyword=1585038598
http://www.tcpdf.org

Table of Contents

Table of Contents

Chapter 1: INTrOTUCTION ......coiviiiiieiie et 1-1-
SolidWorks Flow Simulation INtrodUCTION ............oiviiiiiiiiiic s 1-1-
Setting Up a SolidWorks FIow Simulation ProOjJeCT...........c.oiiiiiiiiiiiieiieiceeees e 1-2-
Meshing in SOlidWOrks FIOW SIMUIAEION. ...........oiiiiiiiiiiiii e 1-2-
Calculation CONIOl OPLIONS .......civiiiieiieiii ettt ettt et e e e 1-4-
Inserting Boundary CONGITIONS .........couiiiiiiieiie ettt 1-4-
CROOSING GOAIS ...ttt et b et b et ettt e ne e e 1-5-
VIBWING RESUITS ...ttt b ettt ab e be e b srneen 1-7-
Limitations of SolidWorks FIOW SIMUIALION .........c.ooiiiiiiiiiiiie e 1-7-
RETEIEINCES. ...ttt bbbt 1-7-
Chapter 2: Flat Plate Boundary LAYEr ..........cccocoiiiiiiiiiiieceeeeseee e 2-1-
(@ o1 LSRR 2-1-
Lo LTy T L= ol T o] o RSP SPPS 2-1-
Creating the SOHAWOIKS Part ..........ooiiiiiiiec ettt e e stbe e e snraeennne s 2-2-
Setting Up the FIOW SIimUIAtion PrOJECE.......cccuviiiiiiie et 2-8-
Selecting Boundary CONAITIONS..........ccuviiiiiiiiie ittt s te e sare e s ae e e srae e e sabe e s saaee e e 2-10-
INSErting GlODAl GOAIS.......c.viiiiiii et e e st e et e e e sta e e e e e e s rree e 2-14-
RUNNING the CalCUIATIONS ........cciiiiiiie ittt e e et e e st e e e st e e e str e e s beeesnbeeesnneeans 2-16-
Using Cut Plots to Visualize the FIOW Field...........cccooiiiiiiii e 2-17-
UsSing XY PIOts With TEMPIALES.........coiiieiiiee ittt e e e e s be e e sreeesneeeens 2-18-
Comparison of Flow Simulation Results with Theory and Empirical Data ............cccoceeevvveeiiie e, 2-20-
(O (o] o1 oo o) g L=l o o] 1< od USRS 2-217-
REFEIENCES ...ttt b et 2-35-
BB CISES ..ttt b ettt 2-35-



Table of Contents

Chapter 3: Analysis of the Flow past a Sphere and a Cylinder ..........c.cccccoooveiiiiiiiiicnns 3-1-
(0] ][I0t N1 =T TP TP PR PSR PPPRN 3-1-
PrODIEM DESCIIPTION ...ttt ettt b e bbb e b et ebe e e e e s 3-1-
Creating the SolidWorks Part for the SPRere ..o 3-1-
Setting Up the Flow Simulation Project for the Sphere...........coccoiiiiiiii e 3-9-
Inserting Global Goal for CalCUIAtIONS...........c.uiiiiiiii e 3-12-
RUNNING the CalCUIATIONS..........eiiiiiii e 3-13-
USING CUL PIOTS ...ttt ettt e e 3-15-
INSErting SUMTACE PAIQMELEIS ......iiiiiiiiiiiiii ettt et 3-16-
L1110 T PP P TP TR UPR PSPPI 3-17-
CloNING OF thE PIOJECT ...c.veiiiieiiie ettt sttt e 3-17-
Time-Dependent CalCUIALIONS ............cvviiiiiiiie e sre e e aae e 3-18-
Creating the SolidWorks Part for the CYIINAEN ..........cc.eoiiiiiiiiee e 3-20-
Setting Up the Flow Simulation Project for the Cylinder...........oooviiiii i 3-21-
Inserting Global Goals for Calculations and selecting 2D FIOW ...........cccccveiiiieiiiie e, 3-22-
QLI Lo LU TS - AV T PRSP P 3-23-
Running Calculations for the CYIINAEN ...........cooi i 3-24-
Using Excel for FreqUenCy ANAIYSIS ........coiiuiiiiiei ittt e et e e e e e snee e 3-25-
L= AT a0 0 A = (0] £ SRRSO 3-25-
SEFOUNAT NUMDET ...ttt 3-27-
INSEITING CUL PIOS .. .eiiiiiii it e et e e st e e st e e e te e e s abe e e sabeeesteeeesbeeesnreeeans 3-27-
ANIMAtINg the CUL PIOLS........viiie ettt e e et e e e ar e e srbee e 3-30-
RETEIEINCES. ...t b bbbt 3-31-
XIS ..tttk E Rt b e 3-31-
Chapter 4: Analysis of the Flow past an Airfoil ............c.cccoooiiiiiiicccc 4-1-
L@ o] =T LSS 4-1-



Table of Contents

PrODIEM DESCIIPTION ...ttt ettt b et e e e e e e e 4-1-
Creating the SOIIAWOIKS Part ...t 4-1-
Setting Up the FIow SImulation PrOJECT .........c.oooiiiiiiiieie e 4-5-
Inserting Global Goals for CalCUlatioNS ............cooiiiiiiiiii e 4-8-
RUNNING the CalCUIATIONS...........oiiiiii e 4-10-
USING CUL PIOLS ...ttt ettt ekttt et e e 4-11-
T OTY bbbt bttt n 4-12-
Creating a Custom Visualization Parameter ............cccoooiiiiiiiiieiieie e 4-13-
Inserting Equation Goal for CalCUulatioNS ............ccoiiiiiiiiiiiii s 4-16-
CloNING OF thE PIOJECT ...cveiiiieiiie ettt 4-17-
Creating @ BatCh RUN .....o.vii et 4-18-
RETEIEINCES. ...t b bbbt 4-19-
EXBICHSES ...ttt ettt 4-20-
Chapter 5: Rayleigh-Bénard Convection and Taylor-Couette FIOW ............ccccccevveiiiinennnnns 5-1-
(@ o1 LSRR 5-1-
oo LT T Lol T o] o TSRS 5-1-
Creating the SolidWorks Part for Rayleigh-Bénard COnVECION ...........ccccveeviiie e 5-2-
Setting up the Flow Simulation Project for Rayleigh-Bénard Convection...........ccccceveviieeiieecviee e, 5-4-
CrEALING LTS, .. eee it cie sttt e et e e st e e st b e e e te e e e ate e e stbeeeaabeeeabeeeateeesabeeennreeerees 5-6-
Inserting Boundary Conditions for Rayleigh-Bénard CONVECLION ...........cccveiviieiiie e 5-7-
SEHING UP 2D FIOW...c ittt ettt e et e e st e e e stb e e s be e e aabeeesabeeesaeeesnbeeesnreens 5-9-
Inserting Global Goal for Rayleigh-Bénard COnVECLION ...........cooveiiiiiiiiiicciiec e 5-10-
RUNNING the CalCUIATIONS.........cciiiiiiie ettt e s be e e st e e e str e e s beeesnbeeesneeeans 5-10-
INSEITING CUL PIOTS ...ttt e et e e et e e st e e st e e nneeeanteeesneeeenes 5-11-
Comparison with Neutral Stability TREOIY .........ocuiiiiiii e 5-14-
Creating the SolidWorks Part for Taylor-Couette FIOW...........cccccooiiiiie e, 5-15-



Table of Contents

Setting up the Flow Simulation Project for Taylor-Couette FIOW ...........cccocveiiiiiiiiiiiiciecen 5-18-
Inserting Boundary Conditions for Taylor-Couette Cell ..o 5-20-
Inserting Global Goal and Running the Calculations for Taylor-Couette FIOW ...........ccccccveviiveiinenne 5-21-
INSErtING SUMTACE PIOTS.......eiiiiiiiiieiie et 5-21-
Comparison with Neutral Stability TREOIY ........coviiiiiiii e 5-25-
RET I EINICES . .. .ttt b ettt 5-26-
BT CISES ..ttt bR bRt b ettt et eanr e 5-26-
Chapter 6: PIPE FIOW ..ot 6-1-
(0] o] [ Tot 1Y =TS PP RTPUPR PR PPP 6-1-
PrODIEM DESCIIPTION .....eutiiiieitie ittt b ettt b ettt et e st e et e e e e e e e e s 6-1-
Creating the SOHAWOIKS Part ..........ooiiiiiie e e stre e e snreeennae s 6-1-
Setting up the FIOW SIMUIAtion PrOJECT ........ccvviiiiiiiiii ittt aee e e 6-5-
Creating Lids fOr the PiPe . ...ttt e et e e et e e s e e e snaeeennees 6-8-
Modifying the Computational Domain and MeSh............cocviiiiii e 6-9-
Inserting Boundary CONGITIONS ..........cciuviiiieeie ettt st e e rre e st a e saee e e snree e 6-11-
INSErting @ GIODAl GOAL............ccuviiiieiie e e e 6-14-
Running the Calculations for Laminar Pipe FIOW.........ccccoiviiiiiii i 6-14-
INSEITING CUL PIOS .. .eiiiiiic it s e st e e st e e e be e e s st e e e sabeeesteeeanteeesnreeenns 6-15-
Inserting XY Plots for Laminar Pipe Flow using TemplatesS.........ccccoovvieiiii e 6-16-
Theory for Laminar PIPE FIOW..........ooiii ittt et 6-18-
Running Calculations for Turbulent Pipe FIOW ..........cooiiiiiiiii e 6-20-
Theory for TUrbulent PIPe FIOW..........cuiiiiii et 6-20-
Inserting XY Plots for Turbulent Pipe Flow using TemMPIAates...........cccoveeiiiiiiiieeiiie e 6-21-
RETEIBNCE ...t 6-25-
BB CISES ..ttt bRt 6-25-



Table of Contents

Chapter 7: Flow across a Tube Bank ... 7-1-
(0] 0] (=10t =T PP P TP PR PR TPPTPRON 7-1-
PrODIEM DESCIIPTION ...tttk b ettt e bt et e b e e e e enes 7-1-
Creating the SOIIAWOIKS Part .........cooiiiiiiiiii e 7-2-
Setting up the FIOW Simulation ProOJECT .........c.ooiiiiiiiiieic s 7-4-
Modifying the Computational Domain and MeSh ..o 7-6-
Inserting Boundary CONGITIONS .........couiiiiiiieiie ettt 7-7-
INSErting GIlODAI GOAIS.........ccuiiiii i 7-8-
Running the Calculations for Tube Bank FIOW...........c.cociiiiiiiiiiiiii s 7-8-
INSEITING CUL PIOTS ...ttt ettt b ettt e et e e b e e b 7-9-
Creating SKEtCh fOr XY PIOLS......ccviii i s e e snae e e 7-11-
Theory and EMPIFCal DAtA..........cccviiiieiiiiee et etae et e e sbe e e naee e e 7-13-
RETEIEINCE ...t 7-16-
EXBICHSES ..ttt 7-16-
Chapter 8: Heat EXCRANQEr ........cc.ci oo 8-1-
(@ o=l LSS 8-1-
oo LT T D T ol T o] o PSSO 8-1-
Creating the SOHAWOIKS Part ..........coiiiiiiie ettt e st e e sabe e e saraeeaeeas 8-2-
Setting up the FIOW SiMUIAtion PrOJECT ........ccviiiiiiiiie et 8-10-
CrEALING LEOS ..vveiiiiieiie ettt et e et e e st e e s e be e e s ate e e sabe e e sabe e e treeabeeeanreeenareeenes 8-12-
Inserting Boundary CONGITIONS ..........cciuiiiiiee ittt e se e e re e s be e e sare e e sareeenees 8-14-
INSEITING GOAIS ....eiiiec ittt s s e et e e s tb e e e s bt e e arbe e e asbaeesabeeebeeeaabeeesnreeannes 8-16-
Running the Calculations for Heat EXChanger ............cooiiiiiii i 8-17-
INSErting SUrface PAramELerS ........c.ooiiiiiiiiee ittt e et et e et e aneeeenneee e e 8-18-
INSEIING CUL PIOLS ...ttt 8-18-



Table of Contents

Effectiveness — NTU MENOA .........c.ooiiiiiiie e 8-20-
RETEIEINCE ...t b et 8-22-
(0] =L T T PP P RO PR PP 8-23-
Chapter 9: Ball VaIVE .........cooi e 9-1-
(0] ][I0t )T TP P PR PPRT PP 9-1-
PrODIEM DESCIIPTION ...ttt ettt b ettt e e et e b e e e e s 9-1-
Creating the Ball VAIVE .........oooii e 9-2-
Creating the Ball Valve Housing and Pipe SECTIONS .........ccoiiiiiieiiiiiieiic e 9-7-
Creating the Ball Valve and Pipe ASSEMDIY ......ccuiiiiiiiiii s 9-11-
Setting up the Flow Simulation Project for the Ball Valve.............ccoooiiiiiiiiiice 9-14-
Creating Lids and Setting the Minimum Gap Size and Number of Cells...........ccccevviveiiiieiiie e, 9-15-
Inserting Boundary CONGITIONS ...........cuiiiiiieiiies et s e e sre e s e e sara e e snrae e e 9-16-
[ T=T g AT a0 I oL SRR OUSP 9-18-
Running the Calculations for Ball VAIVE...........c.cccoiiiiiiiic e 9-18-
INSEITING CUL PIOLS ... eiii ettt s e e st e e st e e e te e e s st e e e sabeeestseeanteeesneeeenns 9-19-
Determining Hydraulic RESISTANCE...........ueiiiiiii it e s e et e e s e e snaeeeenneeans 9-20-
RETEIEINCE ... bbbt 9-22-
XIS ..ttt b Rt b bbbt 9-23-
Chapter 10: Orifice Plate and FIOw NOzzle ............cccoovoiiiiiiiicceeceee e 10-1-
L@ o1 (YT PSSO 10-1-
oo Lo DT ol T o] o P PSS PSROUROUSRPPN 10-1-
Creating the Orifice Plate iN @ PIPE ......uiiiiiii it 10-2-
Setting up the Flow Simulation Project for the Orifice PIate............ccceevivviiiiiei i 10-6-
Inserting Boundary CONGITIONS ...........ouiiiiiie ittt e e st e e snee e e e e sneeeenneee e e 10-7-
RS T T T R 10-9-

Vi



Table of Contents

Running the Calculations for Orifice PIate............coooiiiiiiii e 10-9-
INSEIING CUL PIOLS ...ttt b e e e 10-11-
Determining Discharge Coefficient for Orifice PIate............ccccoeiiiiiiiiiiic e 10-12-
INSEITING XY PIOLS .....eiiieiieie ettt ettt e e b 10-14-
Creating SKELCN FOr XY PIOTS........uiiiieiiiiii et 10-16-
L [ N I Y [<Tot o 4 1= S TSP PP PR PR PPTOPRRPRTN 10-17-
Running the Calculations for Long Radius NOZZIe.............cooiiiiiiiiiiiiceee e 10-18-
Determining Discharge Coefficient for Long Radius NOzzle ............cccocoviiiiiiiiiiiiicece e, 10-19-
[ C] [ (=) 1ol TSRS 10-20-
(T (o 1Y TSR 10-21-
Chapter 11: Thermal Boundary LAYEr ..........ccccoeiiiiiiieieicesiee e 11-1-
L@ o=l LN PSSR 11-1-
PrODIEM DESCIIPLION ... .eiiiiiei ittt e e st e e st e e et e e ssaeeesnbaeesnseeanseeesneeens 11-1-
Setting up the FIOW SIMUIAtion ProOJECT .........ccviiiiiiiie e 11-1-
Inserting Boundary CONGITIONS ..........cciuiiiiiiee ittt re e s e e s e e e snrae e 11-4-
[ T=T g AT a0 I oL R STST 11-7-
Running the Calculations for Low Reynolds NUMDEr.............ccoviiiiiiiiii e 11-7-
INSEITING CUL PIOS .. .eiiiiiii it e et e e st e e st e e e te e e s abe e e sabeeesteeeesbeeesnreeeans 11-8-
Plotting Temperature Profiles using TemMPIate..........cccoiiiiiiii i 11-9-
LI 2 LT Y2 PP OUSR PSP 11-11-
Plotting Non-dimensional Temperature Profiles using Template .........c..ccccoeeieiiiic e, 11-11-
Plotting Local Nusselt Number using TEMPIALE .........ooiviiiiiiiiiiiece e 11-13-
Running the Calculations for High Reynolds NUMDEr ... 11-14-
RETEIEINCES. ...t b ke bbbt 11-17-
X CISE .ttt 11-17-

Vi



Table of Contents

Chapter 12: Free-Convection on a Vertical Plate and from a Horizontal Cylinder

(@ 0T LTS OUSPRP USRS
ProbIEM DESCIIPTION .....cuviiiieitieie ettt b e e nnne s

Setting up the FIOW SIMUIAtion PrOJECT ..........cveiiieeiie i eee e
INSEITING GOAIS ...ttt ettt

RUNNING CalCUIALIONS ...t

Plotting Non-dimensional Temperature and Velocity Profiles using Templates..............c.c.c......
Plotting Local Nusselt Number using TeMPIAte .........cccocvviiiiiiiiieieeee e
Creating the SolidWorks Part for Free Convection from a Horizontal Cylinder .......................
Setting up the Flow Simulation Project for Free Convection from a Horizontal Cylinder..........
Inserting Global Goal and Selecting 2D Flow for Free Convection from a Horizontal Cylinder

Tabular Savings for Free Convection from Horizontal Cylinder .............ccccovoveiiiie e,
Inserting Boundary Condition for Free Convection from Horizontal Cylinder ................c.........
Running Calculations for Free Convection from Horizontal Cylinder............cccccoovveviiiiinnenne,
Inserting Cut Plots for Free Convection from Horizontal Cylinder ..........cccccocoveeviveiiieecineenee,
Animating the Temperature Field for Free Convection from a Horizontal Cylinder .................
] (=] £ o= SRR PR PSPPI

B BI CI SIS ..ttt nnnnn

Chapter 13: Swirling Flow in a Closed Cylindrical Container ..............cccccceeeveuennee.

L@ o] =T LSS OUSPRS TR
PrODIEM DESCIIPTION.....eeiiiiie ettt et e e et e et e e st e e nneeeeneeeaneeeenes

Creating the SolidWorks Part for Swirling Flow in a Closed Cylindrical Container .................

viii



Table of Contents

Setting up the Flow Simulation Project for Swirling Flow in a Closed Cylindrical Container ............ 13-3-
CrBALING LEUS ....eveieiieiee sttt ettt b bt ettt e e bt e e 13-6-
Inserting Boundary Condition for Swirling Flow in a Closed Cylindrical Container ..............c.c.c....... 13-6-
Inserting Global Goal for Swirling Flow in a Closed Cylindrical Container .............cccoccvvvvevieiinennnn. 13-8-
RUNNING the CaICUIATIONS .........oiiiiiiiie e 13-8-
INSErtiNG FIOW TTaJECTOTTES ... ittt 13-10-
RETEIENCE ...ttt b et bbbt bttt e ae e 13-11-
o (0] ] T TP P PR UPTUPPTPRUPN 13-11-
Chapter 14: Flow past @ Model ROCKEL............ccooiiiiiiiiiiece e 14-1-
(0] 0] (=10t 1Y PP P TP PR RUPUPROPRTPRN 14-1-
PrODIEM DESCIIPTION ...ttt ettt ettt e bbbttt et e an e e b e e nne e 14-1-
Creating the SolidWorks Parts for the Model ROCKEL ...........cceoiiiiiiiii i 14-1-
Creating the SolidWorks Assembly for the Model ROCKEL ..........c.coovvviiiiiiiiii e 14-9-
Setting up the Flow Simulation Project for Model ROCKEL ..........ccccovviiiiiiiiie e, 14-17-
Inserting Goals for Model ROCKEL FIOW .........ccvviiiiiiiic e 14-18-
RUNNING the CalCUIALIONS .......cccviiiiiei i et e et e e st e e snba e e snraeenneees 14-20-
INSEITING CUL PIOLS ... uiiiiiic it e e e st e e et e e e te e e st e e e snaaeesaeeesraeeesnneens 14-21-
RETEIEINCE ...ttt b et 14-22-
EXEICISES .ttt 14-22-



Table of Contents

Notes:



