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ABSTRACT 


Fluid  flow  and  heat  transfer  from  bluff  bodies  has  always  remained  a  topic  of  intense 
 research.  Bluff  bodies  with  rectangular  shapes  often  find  practical  applications  in  various 
 applications, such as, heat exchangers, electronic cooling, civil and mechanical structures, etc. 


Heat transfer in such cases is generally due to turbulence. Predicting such kind of flows is difficult 
 on account of various complex characteristics, such as, stagnation, vortex shedding, separation 
 and interaction of separated shear-layers associated with it. In this context, the present study deals 
 with  heat  transfer  from  rectangular  cylinders  under  various  physical  conditions.  A  variable 
 resolution modeling approach, namely, the Partially-Averaged Navier-Stokes (PANS) approach, 
 and Large Eddy Simulation (LES) are used to model turbulence. 


First, a study on the effects of unstructured grid and different wall treatment approaches on 
 flow and thermal behavior from a square cylinder was carried out. The PANS methodology based 
 on the SST k-ω model was used to solve the governing turbulence equations. An unstructured grid 
 arrangement  with  tetrahedral  elements  was  used  and  the  results  were  compared  with  those 
 obtained using the structured mesh with hexahedral elements. Two types of wall treatment were 
 used, first a wall function model and second a wall resolve approach. It was observed that, there 
 was no effect of the unstructured mesh or grid shape on the flow and heat transfer characteristics 
 from a square cylinder. The wall function model used, was able to predict the flow behavior, but 
 largely  under-predicted  the  heat  transfer.  With  the  wall  resolve  approach  both  fluid  flow  and 
 thermal behavior were accurately predicted compared with the experimental data. Hence, the wall 
 resolve technique was used for subsequent studies. 


Turbulent flow over rectangular cylinders was then studied using the PANS approach with 
the wall resolving technique. Rectangular cylinders were characterized based on the ratio of the 
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length of the streamwise face to the height of the cross-stream face (side ratio, R). Two critical 
 side ratios were obtained from the present study, R = 0.62 and 3.0. At R = 0.62, the maximum 
 values  of  the  drag  coefficient  (Cd),  base  pressure  coefficient  and  global  Nusselt  number  were 
 attained.  At  R  =  3.0  a  sharp  discontinuous  increase  of  140%  was  also  observed  for  Strouhal 
 number and global Nusselt number, due to reattachment of separated flow on the side faces. 


Further,  simulations  were  also  carried  out  to  study  the  forced  convection  from  a  heated 
 square cylinder placed near a plane wall boundary in a channel. The parameters that were studied 
 are Reynolds number (Re) and the distance between the cylinder and the plane wall (gap ratio). 


For Re = 22000 the critical value of the gap ratio was found to be 0.3 at which the vortex shedding 
 was  completely  suppressed.  The  face-averaged  value  of  the  Nusselt  number  for  the  back  face 
 dropped below the front face value for the gap ratio less than 0.5. The effect of Re was also studied 
 for the gap ratio of 0.4, and it was observed that up to Re = 1000, increase in total Nusselt number 
 from the cylinder was linear, but as the wake became unsteady and turbulent, the Nusselt number 
 increased exponentially with Re. 


In the last part, a study of the effect of the free-stream turbulence (FST) was undertaken 
using LES methodology. Turbulent intensity (Iu) was varied from 0 to 12% of the mean free-stream 
velocity and the turbulent integral length scale (Lu) was kept constant at 0.75D. It was observed 
that the mean pressure coefficient increased with increasing turbulent intensity and the fluctuating 
pressure  decreased.  As  expected,  the  heat  transfer  from  the  cylinder  increased  with  increasing 
turbulent intensity at the inlet, but the major changes were only observed at the side faces. At the 
rear  face,  due  to  a  reduction  in  the  strength  of  the  vortex  street,  the  heat  transfer  was  not  as 
enhanced as on side faces. 
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साराांश


ब्लफ बॉडी से द्रव प्रवाह और उष्मा स्थानाांतरण हमेशा सेगहन शोध का ववषय बना हुआ है।आयताकार 
 आकृतत वाले ब्लफ़ तनकायों को अक्सर ववभिन्न औद्योगगक अनुप्रयोगों में प्रासांगगकता भमलती है, जैसे हीट 
 एक्सचेंजसस, इलेक्रॉतनक शीतलन, भसववल और याांत्रिक सांरचना आदि।ऐसे मामलों में उष्मा स्थानाांतरण आम 
 तौर पर प्रवाह में ववक्षोि के कारण होता है।ववभिन्न जदटल ववशेषताओां, जैसे कक, गततहीनता, भ्रभमल अलगन, 
 प्रवाह पृथक्करण, इन पृथक अपरूपणपरतों का पारस्पररक सांपकसआदि, के कारण इस तरह के प्रवाह की 


पूवासनुमान करनामुश्ककल है।इस सांििस में, वतसमान अध्ययनववभिन्न िौततक श्स्थततयों केअांतगसत आयताकार 
 बेलन से उष्मा स्थानाांतरण के ववषय में है।एक चर सांकल्प मॉडभलांग दृश्ष्टकोण, अथासत ्, पाभशसयली एवरेज्ड 
 नॉववएर स्टोक्स (PANS दृश्ष्टकोण और )लाजस एडी भसम्युलेशन  ( LESका उपयोग )ववक्षोि को हल करने 


के भलए ककया गया है ।


सबसे पहले, असांरगचत गिड और ववभिन्न वॉल रीटमेंट के प्रिाव का एक वगस बेलन से प्रवाह और 
 उष्णीय व्यवहार पर अध्ययन  ककया गया।ववक्षोभिय प्रवाह के समीकरणों को हल करने के भलए SST  k-
 ω मॉडल पर आधाररत PANS पद्धतत का इस्तेमाल ककया गया। टेराहेड्रल तत्वों के साथ एक असांरगचत 
 गिड व्यवस्था का इस्तेमाल ककया गया और इन पररणामों की तुलना हेक्साहेड्रल तत्वों के साथ सांरगचत 
 गिड के पररणाम से की गई।िो प्रकार के वॉल रीटमेंट का िी उपयोग ककया गया, पहले एक वॉल फांक्शन 
 मॉडल और िूसरी वॉल रेसॉल्व दृश्ष्टकोण। यह िेाा गया कक, वगस बेलन से प्रवाह और उष्मा स्थानाांतरण 
 ववशेषताओां पर असांरगचत गिड या गिड आकृतत का कोई प्रिाव नहीां पडा।वॉल फ़ांक्शन मॉडल का उपयोग, 
 प्रवाह व्यवहार का पुवासनुमान करने में सक्षम था, लेककन उष्मा स्थानाांतरण के पुवासनुमान में पुरी  तरह 
 असक्षम था। प्रयोगात्मक आांकडों के मुकाबले वॉल रेसॉल्व दृश्ष्टकोण, द्रव प्रवाह और उष्णीय व्यवहार िोनों 


का  सटीक  रूप  से  पुवासनुमान  करने  में  सक्षम  था।  इसभलए, वॉल  रेसॉल्व  तकनीक  का  उपयोग  बाि  के 


अध्ययनों के भलए िी ककया गया है।  



(9)इसके उपराांत आयताकार बेलन पर ववक्षोि प्रवाह का अध्ययन वॉल रेसॉल्व तकनीक के साथ PANS 
 दृश्ष्टकोण का उपयोग करके ककया गया। आयताकार भसलेंडर, प्रवाह की ओर की पृष्ठ की लम्बाई और प्रवाह
 के लम्बवत्त पृष्ठ की ऊांचाई के अनुपात )साइड अनुपात, R ) पर आधाररत  है।वतसमान अध्ययन से R=0.62 
 और 3.0 िो महत्वपूणस िुजा अनुपात प्रा्त ककए गए। R=0.62 पर, कषसण गुणाांक )CD(, आधार िबाव गुणाांक 
 और वैश्कवक नसेल्ट नांबर  के अगधकतम मूल्य प्रा्त ककए गए थे। R=3.0 पर 140% की एक तेज असांतत 
 वृद्गध स्रॉहल नांबर और नसेल्ट नांबर के भलए िेाी गई, श्जसका कारण प्रवाह की ओर की पृष्ठ पर पृथक 
 अपरूपण परत के पुन: सांयोजन पाया गया।


इसके आगे, एक चैनल में समतल िीवार सीमा के पास श्स्थत एक गमस वगस भसलेंडर से जबरन सांवहन 
 का अध्ययन करने के भलए भसमुलेशन िी ककया गया। अध्ययन ककए गए मापिण्ड रेनॉल््स नांबर  )Re( 
 और भसलेंडर और समतल िीवार )गैप  अनुपात( के बीच की िूरी है। Re = 22000 के भलए गैप अनुपात 
 का महत्वपूणस मान 0.3 पाया गया श्जस पर भ्रभमल अलगन पूरी तरह ववलु्त हो  गया। गैप अनुपात 0.5 
 से कम के भलए, वगस बेलन के ववमुा पृष्ठ का सतह-औसत नसेल्ट नांबर का मूल्य सम्मुा पृष्ठ के सतह-
 औसत नसेल्ट नांबर के मूल्य से नीचे गगर गया। Re के प्रिाव का अध्ययन 0.4 के गैप  अनुपात के भलए 


िी ककया गया, और यह िेाा गया कक Re=1000 तक, बेलन से कुल नसेल्ट नांबर में वृद्गध रैखाक होती 


है, लेककन जब प्रक्षक्ष्त हवा अश्स्थर और ववक्षोभित हो जाती है तब नसेल्ट नांबर मे वृद्गध घाताांकी रूप से 


होती है Re के साथ।


आखारी िाग में, फ्री-स्रीम ववक्षोि )FST) के प्रिाव का अध्ययन LES पद्धतत का उपयोग करके ककया 


गया है। ववक्षोभिय तीव्रता )Iu), औसत मुक्त-धारा वेग का 0 से 12% के बीच बिला गया और ववक्षोभिय 
 समाकभलत लांबाई पैमाने )Lu) 0.75D  पर श्स्थर राा गया। यह िेाा गया कक औसत िबाव गुणाांक बढ़ती 


ववक्षोभिय तीव्रता के साथ बढ़ता है और प्रत्यावती िबाव में कमी आई है। उम्मीि के मुतात्रबक, भसलेंडर से 


उष्मा स्थानाांतरण बढ़ती ववक्षोभिय तीव्रता के साथ बढ़ता है, लेककन बडे बिलाव केवल प्रवाह की ओर की 


पृष्ठ पर ही िेाे गए। ववमुा पृष्ठ पर भ्रभमल मागस की ताकत में कमी के कारण उष्मा स्थानाांतरण उतना 


नहीां बडा श्जतना की प्रवाह की ओर की पृष्ठ पर बडा।



(10)vi 



TABLE OF CONTENTS 


Certificate………ii 


Acknowledgments ……….iii  


Abstract………...iv 


List of Figures………...ix 


List of Table………..xvi 


1.  Introduction………1 


1.1. Motivation and applications of heat transfer from bluff bodies……….2 


1.2. Geometry considered and complexities involved………...3 


1.3. Computational methodology………..7 


1.4. Parameters affecting flow and heat transfer……….20 


1.5. Objectives and scope of the thesis………21 


1.6. Outline of thesis………22 


2.  Governing Equations and Numerical Method……….24 


2.1. Governing equations for fluid flow and heat transfer………...25 


2.2. Turbulence modelling strategies………...26 


2.3. Numerical setup………44 


3.  Openfoam Implementation………..46 


3.1. OpenFOAM at a glance……….…...47 


3.2. Case setup in OpenFOAM………....51 


4.  Effect of  Meshing Strategy and Wall Modelling Approach on Fluid Flow and Heat Transfer 
 from Square Cylinder………...55 


4.1. Introduction………...56 



(11)vii 


4.2. Computational methodology...57 


4.3. Result and discussions………...69 


4.4. Conclusions………...91 


5.  Effect of Side Ratio on Fluid Flow and Heat Transfer from Rectangular Cylinders...93 


5.1. Introduction………...94 


5.2. Computational Setup………...96 


5.3. Validation, Result and Discussions……….100 


5.4. Conclusions……….120 


6.  A PANS Study of Fluid Flow and Heat Transfer from a Square Cylinder near a Plane Wall..121 


6.1. Introduction……….122 


6.2. Governing equations………...123 


6.3. Computational domain, meshing strategy and boundary conditions………..126 


6.4. Numerical strategy………..128 


6.5. Results and discussions………...129 


6.6. Conclusion………..153 


7.  Effect  of  Free-Stream  Turbulence  on  Fluid  Flow  and  Heat  Transfer  from  A  Square 
 Cylinder………..………....155 


7.1. Introduction……….156 


7.2. Inlet turbulence generation………..159 


7.3. Numerical strategy………..163 


7.4. Results and discussions………...165 


7.5. Conclusions……….178 


8.  Conclusions and Recommendations for Future work………179 



(12)viii 


8.1. Conclusions on effect of meshing strategy and wall modelling approach………181 


8.2. Conclusions on effect of side ratio………..182 


8.3. Conclusions on effect of nearby plane wall……….183 


8.4. Conclusions on effect of free-stream turbulence……….184 


8.5. Recommendations for future work……….184 


Bibliography………186 


Appendix………..201 


Brief Bio-Data of the Author………...228  



(13)ix 



LIST OF FIGURES 


Fig. 1.1 Examples of bluff body heat transfer (a) electronic cooling (b) extrusion of plastic bar. . 2 


Fig. 1.2 Averaged pressure field (a) and streamlines of the average flow (b) around the cylinder 
 (source: Trias et al., 2015). ... 4 


Fig. 1.3 Flow visualization, instantaneous magnitude of the pressure gradient (source: Trias et al., 
 2015) ... 5 


Fig. 1.4 Rectangular cylinder with nomenclature. ... 20 


Fig. 3.1 Basic structure of libraries present in OpenFOAM. ... 48 


Fig. 3.2 Case structure of any given problem. ... 51 


Fig. 4.1 Computational domain. ... 62 


Fig. 4.2 Structured mesh with wall functions (SM-WF) approach grid. ... 64 


Fig. 4.3 Grid independence study for hexahedral grid elements. ... 64 


Fig. 4.4 Unstructured mesh with wall resolve (UM-WR) grid and near wall prism layers. ... 65 


Fig. 4.5 y+ values around the cylinder for both the grid types. ... 66 


Fig. 4.6 (a) Pressure signal from center of top face of cylinder and (b) FFT of unfiltered pressure 
 signal………69 


Fig. 4.7 Definition of cutting sections at which results are considered. Face nomenclature, AB  - 
 front face, BC – top face, CD - back face, DA - bottom face. ... 70 


Fig. 4.8 PDF of viscosity recovery for both grid types. ... 71 


Fig. 4.9 Iso-surface of Q-criterion (-100 s-2) colored by velocity (a) UM-WR approach and (b) 
 SM-WF approach. ... 72 


Fig.  4.10  Time-averaged  pressure  coefficient  around  the  cylinder  walls  for  both  grid  types 
compared with experimental value of Igarashi, (1984). ... 73 



(14)x 


Fig. 4.11(a) Mean and (b) fluctuating velocity profiles at centerline (y = 0), compared with the 


experimental results, legends are provided in Fig. 4.11a. ... 75 


Fig. 4.12 Transverse profiles of mean (a) streamwise and (b) cross-stream velocity profiles in the 
 wake region: Experiment (Lyn et al., 1995) (o), current PANS simulation UM-WR ( ) and 
 SM-WF ( ). ... 77 


Fig. 4.13Transverse profiles  of mean (a) streamwise and (b) transverse fluctuating velocity, (c) 
 velocity correlation in the wake. Symbols same as Fig. 4.12. ... 78 


Fig. 4.14 Time averaged (a) streamwise and (b) streamwise fluctuating velocity profiles on the top 
 and bottom faces. Symbols same as Fig. 4.12. ... 79 


Fig. 4.15 Contours of mean resolved streamwise and transverse velocities  (a) and (b);  resolved 
 fluctuating streamwise and transverse velocities (c) and (d); and velocity correlation (e).
  ... 81 


Fig.  4.16  Variation  of  k  (●  experimental  (Lyn  et  al.  1995),    computational),  u'v'  (○ 
 Experimental  (Lyn  et  al.  1995),    computational),  at  two  different  streamwise 
 directions, (a) x = 2 and (b) x = 6. ... 82 


Fig. 4.17 Time-averaged Nusselt number profile around the cylinder. ... 83 


Fig. 4.18 Iso-surface of temperature (temperature ratio, 1.02) colored by velocity. ... 84 


Fig. 4.19 Turbulent heat flux contours... 88 


Fig. 4.20 Phase-averaged Nusselt number profile at each face of the cylinder. ... 89 


Fig.  4.21  Phase  averaged  quantities  at  different  phase  angles,  Nusselt  number  distribution  and 
 velocity stream lines. ... 90 


Fig. 5.1 Computational domain and boundary conditions used in the present study. ... 97 


Fig. 5.2 Wall resolve grid used in the present computations. ... 99 



(15)xi 


Fig. 5.3 Coefficient of lift for square cylinder, R = 1. ... 100 
 Fig. 5.4 Time-averaged pressure coefficient around the square cylinder walls. ● Exp (Lyn et al., 
 1995),   LES (Sohankar et al., 2000),   PANS (present study). ... 102 
 Fig. 5.5 Mean velocity profiles at centerline (y = 0), legends same as in Fig. 5.4. ... 102 
 Fig. 5.6 Fluctuating velocity profiles at centerline (y = 0), legends same as in Fig. 5.4. ... 103 
 Fig. 5.7 Variation of aerodynamic characteristics to w/D ratio: (a) Strouhal number, (b) mean drag 
 coefficient, (c) R.M.S. of lift coefficient, (d) mean base pressure coefficient. ● IGARASHI 
 (1986)  (experimental, Re  =  20000),  □  Norberg  (1993)  (experimental, Re  =  13000),  Δ 
 Nakaguchi et al. (1968) (experimental, Re = 4000),  × Sohankar (2008) (LES), ○ Present 
 Study. ... 104 
 Fig. 5.8 Instantaneous vorticity contours for different rectangular cylinders. ... 106 
 Fig. 5.9 Drag and lift coefficients for different rectangular cylinders, (a) R = 0.62, (b) R = 2.0, (c) 
 R = 3.0, (d) R = 4.0;  CD,    CL. ... 107 
 Fig. 5.10 Coefficient of mean pressure on the side face for different rectangular cylinders. ... 108 
 Fig. 5.11 Mean velocity streamlines around different rectangular cylinders. ... 109 
 Fig. 5.12 (a) Mean pressure coefficient, Experimental values of Nakamura and Ohya (1984) (b) 
 resolved mean kinetic energy at centerline (y = 0). ... 111 
 Fig. 5.13 Variation of input fk calculated from Eq. (5.2) for R = 3.0 (a) coarse grid G1 = 1.5 × 106


and (b) fine grid G2 = 3 × 106. ... 113 
Fig. 5.14 Variation of ku/(ku+kr) from for R = 3.0 (a) coarse grid G1 = 1.5 × 106 and (b) fine grid 
G2 = 3 × 106. ... 113 
Fig. 5.15 Span and time averaged global Nusselt number(𝑁𝑢̅̅̅̅̅̅). ... 114 𝑔



(16)xii 


Fig. 5.16 Time-averaged local Nuon the rear and front faces of different rectangular cylinders.


 ... 116 


Fig. 5.17 Variation of Nu along the length of the side face. ... 116 


Fig. 5.18 Face averaged Nusselt number for different faces (Nuf ). ... 117 


Fig. 5.19 Cross-stream turbulent heat flux v T' ' (m/s - K). ... 118 


Fig. 5.20 Phase-averaged Nusselt number at side faces for different rectangular cylinders. ... 119 


Fig. 6.1 Computational domain used in the present study………125 


Fig.  6.2  Wall  resolved  grid  for G/D  =  1.0  with  close  up  view  of  prismatic  cells  used  near 
 cylinder……….…..127 


Fig. 6.3 Definition of cutting sections at which results are considered. Face nomenclature, AB  - 
 front face, BC - top/upper face, CD - back face, DA - bottom/lower face……….128 


Fig. 6.4 Comparison of (a) mean velocity and (b) r.m.s. of velocity with the experimental data of 
 Kim  et  al.  (2005).  Solid  diamond:  experimental  value  and  solid  line:  present 
 simulations………..129 


Fig. 6.5 Comparison of (a) mean velocity and (b) r.m.s. of velocity with the experimental data of 
 He  et  al.  (2016).  Dotted  line  experimental  values  and  solid  line  present 
 simulations………..130 


Fig.  6.6  Comparison  of  (a)  r.m.s.  of  streamwise  velocity  and  (b)  Reynolds  stress 𝑢𝑣̅̅̅̅  with  the 
 experimental data of (Bosch et al. 1996) and (Lyn et al. 1995)………..131 


Fig.  6.7  (a)  Lift  coefficient  and  (b)  drag  coefficient, solid  line  mean  value; solid  square  r.m.s. 
 value; solid circle maximum values; and open circle minimum values...132 


Fig. 6.8 Streamlines for different G/D values at two different times………135 


Fig. 6.9 Time history of lift coefficient for different G/D values………..136 



(17)xiii 


Fig. 6.10 Power spectra of lift coefficient for different G/D values………..137 
 Fig. 6.11 Mean pressure coefficient around the cylinder for different G/D values………..138 
 Fig. 6.12 Global Nusselt number variation with gap ratio……….140 
 Fig. 6.13 Time averaged local Nusselt number profiles for (a) front face and (b) back face. The 
 values shown are from bottom to top………..141 
 Fig. 6.14 Time averaged local Nusselt number profiles for (a) top face and (b) bottom face. The 
 values shown are from the upstream to downstream………...142 
 Fig. 6.15 Face averaged Nusselt number for all faces at different gap ratios………143 
 Fig. 6.16 Variation of (a) mean drag coefficient and (b) mean (solid circle) and r.m.s. (solid square) 
 values of lift coefficient with Re……….144 
 Fig.  6.17  Time  history  of  lift  coefficient  (a) Re  =  20,  (b) Re  =  500,  (c) Re  =  1000,  (d) Re  = 
 10000………..145 
 Fig. 6.18 Strouhal number variation with Re. ………..146 
 Fig. 6.19 Velocity vector for G/D = 0.4 at two different Re……….147 
 Fig.  6.20  Streamlines  for G/D  =  0.4  at  different Re  (a) Re  =  20,  (b) Re  =  500  and  (c) Re  = 
 10000………..148 
 Fig. 6.21 Total and face averaged Nusselt number variation around the cylinder………149 
 Fig. 6.22Variation of local Nusselt number (a) front face, (b) bottom face, (c) top face and (d) back 
 face. The legends are provided in (a), and the respective values are multiplied by the factor 
 given in bracket to magnify the values for better comparison………..150 
 Fig. 6.23 Variation of fk at Re = 20000. (a) Intended fk calculated from Eq. (13) and (b) actual fk = 


ku/ktotal………..…...152 



(18)xiv 


Fig. 6.24 Variation of fk at Re = 50000. (a) Intended fk calculated from Eq. (13) and (b) actual fk 


= ku/ktotal ………..………...152 


Fig. 7.1 The probability of a randomly selected direction of a wave in the wave-space is the same 
 for all dAi on the shell of a sphere. Figure courtesy (Davidson, 2007). ... 161 


Fig. 7.2 The wave-number vector, κin, and the velocity unit vector, σin, are orthogonal (in physical 
 space)  for  each  wave  number n.  The  unit  vector, σin,  is  defined  such  that σinκin  =  0 
 (superscript n denotes Fourier mode n). Figure courtesy (Davidson, 2007). ... 161 


Fig. 7.3 Modified von Karman spectrum, courtesy (Davidson, 2007). ... 162 


Fig. 7.4 Meshing strategy for the LES study. ... 164 


Fig. 7.5 Mean pressure coefficient around the cylinder... 166 


Fig. 7.6 Power spectrum of streamwise and cross-stream velocity fluctuations compared with the 
 von Karman energy spectrum. ... 167 


Fig. 7.7 Autocorrelation of streamwise fluctuating velocity. Tint is the integral time scale of the 
 generated FST, uint is the integral velocity scale, which is equal to the required fluctuating 
 velocity (in this case 12% of U∞), and Lu the integral length scale. ... 167 


Fig. 7.8 Mean pressure coefficient around the cylinder... 169 


Fig. 7.9 R.M.S pressure coefficient around the cylinder. ... 169 


Fig. 7.10 Vorticity contours showing the inward bent of separated shear-layer for inlet turbulent 
 intensity of 12%. ... 170 


Fig. 7.11 Power spectral density of pressure on side faces at two points: (a) 0.1D from the leading 
 edge and (b) 0.9D from the leading edge. ... 171 


Fig. 7.12 Power spectral density of pressure on rear faces at two points: (a) 0.5D from the trailing 
edge top corner and (b) 0.1D from the trailing edge top corner. ... 172 



(19)xv 


Fig. 7.13 Variation of aerodynamic properties w.r.t. to inlet turbulence intensity: for CD and CL'
 see left vertical axis and for Cpb  right vertical axis. ... 173 
 Fig. 7.14 Time history of drag coefficient for smooth flow: dotted line, and FST flow with 12% 


intensity: solid line. ... 173 
 Fig. 7.15 Time history of lift coefficient  for smooth  flow: dotted line, and FST flow with  12% 


intensity: solid line. Expanded view is also shown. ... 174 
 Fig. 7.16 Time averaged global Nusselt number w.r.t. inlet turbulent intensity. ... 175 
 Fig. 7.17 Time-averaged Nusselt number along the front and rear faces for different FST values.


 ... 176 
Fig.  7.18  Time-averaged  Nusselt  number  along  the  side  face  for  different  FST  values  (legends 
same as in Fig. 7.17). ... 176 
Fig. 7.19 Face-averaged Nusselt number w.r.t. different FST conditions. ... 177 



(20)xvi 



LIST OF TABLES 


Table 4.1 Comparison of integral properties for two grid seize at fk = 0.6. ...64


Table 4.2 Meshing strategies used in various studies ...67


Table 4.3 Global integrated flow parameters. ...72


Table 4.4 Time-averaged global Nusselt number of cylinder……….85 


Table 5.1 Aerodynamic properties of square cylinder, R = 1………101 


Table 7.1 Probability distributions of the random variables, courtesy (Davidson, 2007). ... 161


Table 7.2 Study of grid resolution sensitivity. ... 165 
  





    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 20 Page - 876.00 KB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            Effect of Hall current and rotation on heat transfer in MHD flow of  oscillating dusty fluid in a porous channel
        
      

        The  effect  of  Hall  current  and  rotation  on  heat  transfer  in  MHD  flow  of  a  dusty,  viscous,  incompressible  and  electrically conducting fluid under the influence of

    
      
          
        
            Numerical Simulation of Heat Transfer in Microchannel with Twisted Tape Insert
        
      

        The main aim is to compare the heat transfer rate, axial wall shear  stress, skin friction coefficient, Nusselt number, wall fluxes and heat transfer coefficient for  the  channel 

    
      
          
        
            Computational Fluid Dynamic (CFD) Simulation for Continuous Casting Process of Steels
        
      

        the  fluid  flow  phenomena  includes    multi-phase  flow  phenomena,  the  effect  of  electromagnetic  forces,  heat  transfer,  turbulent  flow  in  the  nozzle  and  mold,  the

    
      
          
        
            Two Dimensional Flow of Shear Thinning Fluid Around A Square Cylinder
        
      

        Study of steady flow over a 2D square cylinder (Fig 4.1). Problem domain is a  rectangular chamber with a square cylinder in it. The diameter being 1 m and  the inlet velocity be 1

    
      
          
        
            Heat Transfer Around a Square Cylinder in Unsteady Flow Regime
        
      

        Galetti  (2003)  had  stimulated  multiple  Reynolds  number  through  proper  orthogonal  decomposition (POD). A brief review on the two dimensional unsteady laminar flow around 

    
      
          
        
            Heat Transfer Around a Circular Cylinder in the Laminar Zone
        
      

        [11]has used 2-D Navier–Stokes and energy equations to carry out the numerical  calculation of the parameters of unsteady state flow and heat transfer under the conditions of 

    
      
          
        
            Heat transfer enhancement in single micro channel using micro fins
        
      

        First heat transfer rate in a simple micro  channel for laminar flow model is studied and after heat transfer rate using single fin and multi- ple fins is analysed using laminar

    
      
          
        
            Numerical study of axial wall conduction in fully heated microtubes for cryogenic fluid
        
      

        This study has been  carried out to understand the effect of axial wall conduction in cryogenic fluid for  developing laminar flow and heat transfer in a circular micro--tube

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            Unsteady MHD Casson fluid flow with heat transfer passed over a porous rigid plate with stagnation point flow: Two-parameter Lie scaling approach
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Second law analysis of MHD third-grade fluid flow through the microchannel
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Free convective Poiseuille flow through porous medium between two infinite vertical plates in slip flow regime
        
        
            
                
                    
                    9
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            The impact of magnetohydrodynamics and heat transfer on the unsteady flow of Casson fluid in an oscillating cylinder via integral transform: A Caputo–Fabrizio fractional model
        
        
            
                
                    
                    12
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Study of entropy generation in transient hydromagnetic flow of couple stress fluid due to heat and mass transfer from a radiative vertical cylinder
        
        
            
                
                    
                    14
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            B. Chapters in book series 
        
        
            
                
                    
                    21
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Heat Pipes
        
        
            
                
                    
                    397
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Analytical investigation of unsteady CuO nanofluid flow,  heat and mass transfer between two parallel disks
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


