
x 

 

TABLE OF CONTENTS 

ENGLISH COVER i 

INDONESIAN COVER ii 

APPROVAL FORM OF THE SUPERVISOR iii 

APPROVAL FORM THE EXAMINING LECTURER iv 

STATEMENT OF ORIGINALITY v 

FINAL PROJECT PAPER vi 

DEDICATION vii 

ACKNOWLEDGMENT viii 

TABLE OF CONTENTS x 

LIST OF FIGURES xiv 

LIST OF TABLES xviii 

LIST OF APPENDICES xix 

NOMENCLATURES xx 

ABSTRACT xxiii 

INTISARI xxiv 

CHAPTER I  

INTRODUCTION 1 

1.1 Background 1 

1.2 Problem Statements 3 

1.3 Objectives 3 

1.4 Assumptions and Scopes 3 

1.5 Benefits of the Research 4 

CHAPTER II  

LITERATURE REVIEW 5 

2.1 Failure Analysis of Mandrel Hanger 5 

2.2 Structural Strength Evaluation of Tubing Hanger 7 

2.3 Flow Analysis using Computational Fluid Dynamics 10 

CHAPTER III  

FUNDAMENTAL THEORETICAL 14 

Structural Strength Evaluation and CFD Analysis of Turbulent Flow Characteristics in an 11 Inch
Nominal Size 5000 PSI Tubing Hanger
Muhammad Naufal Ainur Ridho, Prof. Dr. Eng. Ir. Deendarlianto, S.T., M.Eng.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



xi 

 

3.1 API 6A 14 

3.1.1 Material classes 14 

3.1.2 Pressure rating 16 

3.1.3 Temperature class 17 

3.1.4 Product Specification Level (PSL) 17 

3.2 Additional Standard 18 

3.2.1 API 6X 19 

3.2.2 API 5CT 19 

3.3 Tubing Hanger 20 

3.3.1 Tubing hanger component 21 

3.3.2 Tubing hanger design 24 

3.4 Structural Analysis 25 

3.4.1 Stress due to internal pressure 25 

3.4.2 Minimum collapse pressure due to external pressure 27 

3.4.3 Tensile capacity 28 

3.4.4 Thread capacity 29 

3.4.5 Bearing stress capacity 30 

3.4.6 Shear strength capacity 31 

3.4.7 Gland nut sealing thread capacity 32 

3.5 Pressure Drop Theory 33 

3.5.1 Pressure drops due to friction 33 

3.5.2 Pressure drops due to sudden transition 34 

3.5.3 Pressure drops due to elevation 36 

3.6 Computational Fluid Dynamics 36 

3.6.1 Fluid motion approaches 37 

3.6.2 2D axisymmetric model 37 

3.6.3 Governing equation 38 

3.6.4 Turbulence model 39 

3.6.5 Turbulence kinetic energy 40 

3.6.6 Multiphase flow in mixture model 40 

Structural Strength Evaluation and CFD Analysis of Turbulent Flow Characteristics in an 11 Inch
Nominal Size 5000 PSI Tubing Hanger
Muhammad Naufal Ainur Ridho, Prof. Dr. Eng. Ir. Deendarlianto, S.T., M.Eng.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



xii 

 

CHAPTER IV  

METHODOLOGY 42 

4.1 Research Location 42 

4.2 Research Materials 42 

4.2.1 Tubing hanger design requirement 42 

4.2.2 Material construction 42 

4.2.3 Standard and reference 43 

4.2.4 Fluid properties 43 

4.3 Research Instruments 44 

4.4 Research Diagram 45 

4.5 Research Workflow 45 

4.5.1 Design and verification stages 45 

4.5.2 Fluid dynamics simulation stages 47 

CHAPTER V  

RESULT AND DISCUSSION 54 

5.1 Tubing Hanger Designing 54 

5.1.1 Define the input parameter 54 

5.1.2 Design the tubing hanger main body 55 

5.1.3 Assembly design 60 

5.2 Structural Analysis 61 

5.2.1 Minimum wall thickness 61 

5.2.2 Stress due to internal pressure 62 

5.2.3 Minimum collapse pressure due to external pressure 64 

5.2.4 Tensile capacity at the minimum section 65 

5.2.5 Running thread capacity 67 

5.2.6 Load shoulder capacity 69 

5.2.7 Lockdown screw shear load capacity 73 

5.2.8 Gland nut thread capacity 74 

5.3 CFD Simulation in tubing hanger 76 

5.3.1 Validity assessment of CFD simulation 77 

5.3.2 Flow characteristics comparation at different fluid conditions 81 

Structural Strength Evaluation and CFD Analysis of Turbulent Flow Characteristics in an 11 Inch
Nominal Size 5000 PSI Tubing Hanger
Muhammad Naufal Ainur Ridho, Prof. Dr. Eng. Ir. Deendarlianto, S.T., M.Eng.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/



xiii 

 

5.3.3 Gas flow characteristics comparation at different pressure 94 

CHAPTER VI  

CONCLUSION 108 

6.1 Conclusions 108 

6.2 Recommendations 109 

REFERENCES 110 

APPENDICES 113 

 

 
 

 

Structural Strength Evaluation and CFD Analysis of Turbulent Flow Characteristics in an 11 Inch
Nominal Size 5000 PSI Tubing Hanger
Muhammad Naufal Ainur Ridho, Prof. Dr. Eng. Ir. Deendarlianto, S.T., M.Eng.
Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/


	TABLE OF CONTENTS


    A  t


    A  s


    A  c


    A  s o


    A  s i


    A 1


    A 2


  D


    D  o


    D  i


    d 2 m i n


    E  s o


    E  s i


    f  y m n


    f  s


  f


  F


    F  o


    F  i


    F  t


    F  s


  g


   h  L c


   h  L e


    K  L


    K  n o


    K  n i


  L


    L  o e


    L  e o


    L  e i


  n


    n  o


    n  i


    P  y c


    P  t


  R e


    S h


    R  i


    S  m


    t  m i n  


  v


    v 1


    v 2


    V  s


    𝜎  E


    𝜎  r


    𝜎 h


    𝜎  a x


    𝜎  t


    𝜎  y


    𝜎  b e a r i n g


  𝜏


  ∆   P  f


  ∆   P  e


  ∆   P  c


  ∆ z


  𝜌


  𝜇


    t  m i n =     P  t   R  i    S  m − 0 . 5   P  t


    𝜎  r = −   P  t


    𝜎 h =     P  t   (   D  o 2 +   D  i 2 )  (   D  o 2 −   D  i 2 )


    𝜎  a x =     P  t   D  i 2  (   D  o 2 −   D  i 2 )


    𝜎  E =       𝜎  a x 2 +   𝜎 h 2 +   𝜎  r 2 −   𝜎  a x   𝜎 h −   𝜎 h   𝜎  r −   𝜎  a x   𝜎  r 2


    𝜎  t =   0 . 9 𝜎  y


    𝜎  t =   0 . 83 𝜎  y


    P  y c = 2   f  y m n    (     D  o  t − 1 )     (     D  o  t ) 2


    𝜎  t =     F  t    A  t


    A  t =   𝜋 4 (   D  o 2 −   D  i 2 )


    A  s = 𝜋     D 1 m a x . ( 0 . 5 + n  tan ⁡   ( 14 . 5 ° ) (   d 2   m i n .   −     D 1 m a x . ) )


    F  s =   L   A  s f   𝜎  y    s  f


    𝜎  b e a r i n g =     F  t    A  b


  𝜏 =     V  s    A  c


    A  s o = 𝜋     n  o   L  e o   K  n o [  (  1 2   n  o ) + 0 . 57735  (   E  s o −   K  n o ) ]


    A  s i = 𝜋     n  i   L  e i   K  n i [  (  1 2   n  i ) + 0 . 57735  (   E  s i −   K  n i ) ]


    F  T O =   S h   A  s o


    F  T I =   S h   A  s i


  ∆   P  f = f   𝜌 L   v 2  2 D


  ∆   P  e =  h  L e 𝜌 g


  ∆   P  c =  h  L 𝜌 g


   h  L e =   K  L       v 2 2  2 g


   h  L c =   K  L       v 1 2  2 g


  ∆   P  g =   𝜌 g ∆ z


    D 𝜙  D t =   𝛿 𝜙  𝛿 t + u   𝛿 𝜙  𝛿 x + v   𝛿 𝜙  𝛿 y + w   𝛿 𝜙  𝛿 z =   𝛿 𝜙  𝛿 t + 𝒖 ∙ ∇ 𝜙


    𝜕 𝜌  𝜕 t + ∇ ∙ ( ρ     v → ) =   S  m


    𝜕 𝜌  𝜕 t  ( ρ   v → ) + ∇ ∙  ( ρ   v →   v → ) = − ∇ p + ∇ ∙  (   𝜏 ̿ ) + 𝜌   g → +   F →


  R e =     𝜌 v D  𝜇


  k =  1 2  (     u  ′ 2 - +     v  ′ 2 - +     w  ′ 2 - ) =  1 2     u  i ′   u  i ′ -


    𝜕  𝜕 t (   𝜌  m ) + ∇ ∙ (   𝜌  m       v  m → ) = 0


    𝜕 𝜌  𝜕 t  (   𝜌  m     v →  m ) + ∇ ∙  (   𝜌  m     v →  m     v →  m ) = − ∇ p + ∇ ∙  [   𝜇  m  ( ∇     v →  m + ∇     v →  m  T ) ] +   𝜌  m   g → +   F → − ∇ ∙ (   ∑  k = 1  n    𝛼  k   𝜌  k     v →  d r , k     v →  d r , k )


    t  c a l =   5000   x   (   4 . 554 2 )   (   75000   x   5 6 ) − 0 . 5   x   5000 = 0 . 189   i n c h


    t  d e s i g n =    (   5 . 497 2 −   4 . 554 2 ) 2 = 0 . 474   i n c h


    𝜎  r = − 5000   p s i


    𝜎 h =   5000   x   (   5 . 497 2 +   4 . 554 2 )  (   5 . 497 2 −   4 . 554 2 ) = 26 , 878   p s i


    𝜎  a x =   5000   x     4 . 554 2  (   5 . 497 2 −   4 . 554 2 ) = 10 , 939   p s i


            = 27 , 607   p s i


    𝜎  a l l o w a b l e = 0 . 9   x   75 , 000 = 67 , 500   p s i


    P  y c = 2   x   75 , 000    (   5 . 497  ( 5 . 497 − 4 . 554 ) / 2   − 1 )     (   5 . 497  ( 5 . 497 − 4 . 554 ) / 2 ) 2 = 11 , 278   p s i


    S  m =  2 3   x   75 , 000 = 50 , 000   p s i  


    A  t =   𝜋 4  (   5 . 497 2 −   4 . 554 2 ) = 7 . 44     i n c h 2


    F  t =  2 3   x   50 , 000   x   7 . 44 = 372 , 240   l b f  


    F  s t r i n g =   10000   x   12 . 75 = 127 , 500   l b f


    S  m =  2 3   x   75 , 000 = 50 , 000   p s i  


    A  s = 𝜋   x   4 . 225   x   ( 0 . 5 +  1 2   x   tan ⁡   ( 14 . 5 ° ) ( 4 . 35 − 4 . 225 ) ) = 4 . 45   i n c h


  F =   2 . 933   x   4 . 45   x   0 . 4   x   50 , 000  1 . 5 = 174 , 081 . 44   l b f


    F  d u e   t o   p r e s s u r e = 5000   x   𝜋 4 x  (   10 . 885 2   x     5 . 38 2 ) = 351 , 618   l b f  


    F  s t r i n g   n o r m a l =   10000   x   12 . 75   x  cos ⁡  45 ° = 180 , 312 . 23   l b f


  A =   𝜋 4 x  (   10 . 865 2   x     10 . 040 2 ) /  sin ⁡  45 ° = 19 . 156     i n c h 2  


    F  a l l o w a b l e = 181 , 050   x   19 . 156 = 2 , 011 , 399   l b f


    F  t o t a l = 2 , 011 , 399 − 351 , 618 −   180 , 312 . 23 =   1 , 411 , 150   l b f


    F  d u e   t o   p r e s s u r e = 5000   x   𝜋 4 x  (   10 . 885 2   x     5 . 38 2 ) = 351 , 618   l b f  


    F  s t r i n g   n o r m a l =   10000   x   12 . 75   = 127 , 500   l b f


    𝜏  a l l o w a b l e = 0 . 6   x  2 3   x   75000 = 30 , 000   p s i


  A =     𝜋 4 x  (   10 . 040 2 ) /  sec ⁡  22 . 5 ° = 35 . 396     i n c h 2


    F  a l l o w a b l e =   30 , 000   x   35 . 396     = 1 , 061 , 880   l b f


    F  t o t a l = 1 , 061 , 880 − 351 , 618 − 127 , 500 = 582 , 762   l b f


  A =     𝜋 4 x  (   10 . 880 2 ) = 92 . 97     i n c h 2


    F    d u e   t o   p r e s s u r e =   5000   x   92 . 97   = 464 , 855   l b f


  A = 10   x     𝜋 4 x  (   1 . 344 2   ) = 14 . 187     i n c h 2


    𝜏  a l l o w a b l e = 0 . 6   x    2 3   x   85000 = 34 , 000   p s i


    F    a l l o w a b l e =   43 , 275   x   14 . 187   = 482 , 356   l b f


    S h =   0 . 4   x  2 3 x   75 , 000   = 20 , 025   p s i


  A =     𝜋 4 x  (   1 . 748 2 −     1 . 628 2 ) = 0 . 318     i n c h 2


    F    d u e   t o   p r e s s u r e =   7500   x   1 . 68   = 2 , 386   l b f


    A  s o = 𝜋   x   8   x   1   x   1 . 634  [  1 2   x   8 + 0 . 577  ( 1 . 659 − 1 . 634 ) ] = 3 . 16     i n c h 2


    F  T O =   20 , 025   x   3 . 16   =   63 , 268   l b f


    A  s i = 𝜋   x   8   x   1 . 620   x   1 . 125  [  1 2   x   8 + 0 . 577  ( 1 . 035 − 1 . 125 ) ] = 0 . 48     i n c h 2


    F  T I =   20 , 025   x   0 . 48   =   9 , 666   l b f


    F  A l l o w a b l e =   63 , 268 + 9 , 666 = 72 , 934   l b f

