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List of 52 Design of Pressure Vessels Formulas

Design of Pressure Vessels @

Bernie's and Clavarino's Equation (¢

1) Inner Diameter of Pressurized Cylinder from Bernie's Equation @

2. tW Open Calculator @'
o tH(1=()-P) \ O\
( oy—((14v)-P;) ) ) 1

2 - 30mm
( 75N /mm4 (1 (0.3)-10.2MPa)) )0-5) 1

di: (

@ 755.2067mm =

75N /mm—((14-0.3)-10.2MPa)

2) Inner Diameter of Pressurized Cylinder from Clavarino's Equation @

2. tw Open Calculator &
4=
( o, +((1—(2v)Py)) )0-5 1
oy —((1+v)-P;)
2 - 30mm

a 1066.826mm =

(( 75N /mm+((1—(2-0.3)-10.2MPa)) )0'5) 1
75N /mm2—((1+0.3)-10.2MPa) -

3) Thickness of Pressurized Cylinder from Bernie's Equation L‘a

o--(3) (6550 ) )

465mm 75N/mm? + ((1 — (0.3) - 10.2MPa)) \ *°
& 18.47176mm - ( 2 ) ' ((( 75N/mm: — ((1 + 0.3) - 10.2MPa) ) ) N 1)
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4) Thickness of Pressurized Cylinder from Clavarino's Equation @

Q. - (%) . <6t +t (_(1( - f‘-})v.);;i)) )0-5 » open Catutator 3

[ 465mm 75N /mm? 4 ((1 — (2 - 0.3) - 10.2MPa)) \ *°
& 13.07617mm = ( 2 ) ' ((( 75N /mm? — ((1 + 0.3) - 10.2MPa) ) ) a 1)

Bolt of Pressurized Cylinder (¢

5) Change in External Load due to Pressure Inside Cylinder given kb and kc @

kb Open Calculator @
AP; =Peyt - | 75—
t ( k. + k;, )

1180kN
() 5193.662N = 25000N - ( /rom )

4500kN/mm + 1180kN/mm

6) Change in External Load on Bolt due to Pressure Inside Cylinder @

APi — Pb _ ]_31 Open Calculator @'

B 4500N = 24500N — 20000N

7) Decrease in Outer Diameter of Cylinder given Total deformation in Pressure Vessel @

5. =8 —3. Open Calculator
C J

@ 0.8mm = 1.20mm — 0.4mm

8) External Load on Bolt due to Internal Pressure given kb and kc L‘J

kc k Open Calculator @'
P, — AP, . (Q)
ky,

4500kN/mm + 1180kN/mm
@ 24308.47N = 5050N -

1180kN/mm
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9) Initial Preload due to Bolt tightening (%'
P, =Py — API Open Calculator &
B 19450N = 24500N — 5050N

10) Initial Preload due to Bolt tightening given kb and kc @

kb Open Calculator @
P1 = Puax - <m>

1180kN
) 5235.211N = 25200N - ( 80kN/mm )

4500kN/mm + 1180kN/mm

11) Internal Diameter of Pressurized Cylinder@

di:2-<

tw Open Calculator @

30mm
75N /mm?>+10.2MPa % 1
75N /mm>—10.2MPa B
12) Maximum Load inside Pressurized Cylinder when Joint is on verge of opening @

kc —+ kb ) Open Calculator (¢

Pmax:Pl'< kb

a 409.1269mm = 2 -

4500kN/mm + 1180kN/mm
B0 96271.19N = 20000N -

1180kN/mm

13) Resultant Load on Bolt given Pre load @
Pb = P] —+ AP1 Open Calculator @'

@ 25050N = 20000N + 5050N
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14) Thickness of Pressurized Cylinder @

1
tw = — - L 1
2 o, — Pi
) 34.097mm = ( 465mm) ' ( (( 75N /mm? + 10.2MPa ) _> . 1)
2 75N/mm2 — 10.2MPa

Gasket Joint

15) Approximate Stiffness of Cylinder Cover, Cylinder Flange and Gasket @
E

@x- e @) (1)

90000N /mm?
25mm

B0 5089.38kN /mm = (2 T ((15mm)2)) : (

16) Combined Stiffness of Cylinder Cover, Cylinder Flange and Gasket @

B () ()

B 4721.105kN/mm =

1

1 1 1
( 10050kN/mm) + ( 11100kN/mm> + (45000kN/mm)

5/17

Open Calculator @

Open Calculator @'

Open Calculator @

17) Increase in Inner Diameter of Jacket given Total deformation of Pressure Vessel @

Bs=5-53

a 0.4mm = 1.20mm — 0.80mm
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18) Nominal Diameter of Gasket Joint (&'

t Open Calculator @
d=+/K . —
V 2-m-E

25mm
2+ - 90000N /mm?

) 15.00091mm = \/ 5090kN /mm -
19) Nominal Diameter of Gasket Joint Bolt given Stiffness, total thickness and Young's Modulus @

1 Open Calculator @
d=4/ky,-4- ——
w- B

55mm

7 - 90000N /mm?>

0 30.30094mm = \/ 1180kN/mm - 4 -

20) Stiffness of Bolt of Gasket Joint given Nominal Diameter, Total Thickness, and Young's Modulus

@

d2 E Open Calculator @'
k. = )=
(= 5) (%)

1 2 N 2
@289-1693kN/mm _ <7r- ( 5Inm) ) . (90000 /mm )
4 55mm

21) Stiffness of Cylinder Cover of Gasket Joint ['_‘;

Bk = <%> - ((é) - (é)) Open Calculator (@

B0 9098.361kN/mm =

1

) ~ ( (o) + (i)
4500kN/mm 11100kN/mm 45000kN /mm
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22) Stiffness of Cylinder Flange of Gasket Joint @

1 Open Calculator @

ICROHS)

B 9950.495kN /mm =

1
(i) — (o) + (wowie))
4500kN /mm 10050kN /mm 45000kN /mm

23) Stiffness of Gasket of Gasket Joint L‘:

1 Open Calculator (¢

2 ) @)

B 30646.98kN/mm =

1
(i) — ((somimr) + (o))
4500kN/mm 10050kN /mm 11100kN/mm

24) Thickness of Member under Compression for Gasket Joint @

d2 E Open Calculator (¢
t=(m-— ) -[ =
4 K

(15mm)? 90000N /mm?
a 3.124619mm = | 7 - .

4 5090kN /mm

25) Total Deformation of Pressure Vessel given Increase in Inner Diameter of Jacket @

— Open Calculator (%'
8_63'—'_60 pen Calculator
a 1.2mm = 0.4mm + 0.80mm

26) Total Thickness of Gasket Joint given Stiffness, Nominal Diameter and Young's Modulus @

d2 E Open Calculator (¢
8- (%) (&)

() 13.47823mm — (15mm)” |/ 90000N/mm?
. e 4 1180kN /mm
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27) Young's Modulus of Gasket Joint (%'

. E=4-K. —— Open Calculator ('
x — . .
- (dz)

25mm

B 720087.7N/mm® = 4 - 5090kN /mm - —————
- ((15mm)2)

28) Young's Modulus of Gasket Joint given Stiffness, Total Thickness and Nominal Diameter @

1 Open Calculator @'
BE=k —
d
- x
55mm
B 367258.9N/mm® = 1180kN/mm - o
. (15mm)”

4

Thick Cylinder Vessel (¢

29) External Pressure acting on Thick Cylinder given Radial Stress @

Br.-

o Open Calculator @
r

() () +)

80N /mm?

(550mm)? (465mm)*
(((550mm)2)<(465mm)2>> ' ((W) ' 1)

30) External Pressure acting on Thick Cylinder given Tangential Stress (9

@ 11.77034MPa =

Open Calculator (¢
Otang -

PO: 2 2
(@) (o) +1)

48N /mm>

(550mm)” (465mm)”
( ((550mm)2)7((465mm)2> ) ’ <<4~((240mm)2) ) * 1)
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31) Internal Pressure in Thick Cylinder given Longitudinal Stress @

(do) — (4)

42

1

Pj:GI'

((550mm)2> - <(465mm)2)

) 27.13239MPa = 68N/mm? - .
(465mm)

32) Internal Pressure in Thick Cylinder given Radial Stress C‘:

O

Pi: > D
(@) - ((3i5) +1)

80N /mm?

a 13.80085MPa =

33) Internal Pressure in Thick Cylinder given Tangential Stress @

Pi: ? Otang :
() () )

48N /mm?
@ 8.280509MPa =

(465mm)® . _(550mm)* _
(et ((seery) +1)

42

1

(465mm)>
B 25.56355N /mm® = | 10.2MPa -

(465mm)2 . (550—mm)2
(et (g )+

34) Longitudinal Stress in Thick Cylinder subjected to Internal Pressure L‘:

((550mm)2> - ((465mm)2>
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35) Radial Stress in Thick Cylinder subjected to External Pressure @

2 2 Open Calculator @
a2 d:
il (P‘“ () - (d%)) | (1‘ (4-@))

(550mm)® |, (465mm)*
((550mm)2) - ((465mm)2> 4. ((240mm)2)

B 1.725723N/mm* = | 8MPa.-

36) Radial Stress in Thick Cylinder subjected to Internal Pressure L‘J

d12 dg Open Calculator &
il (P (@) - () ) | ((4-@) ‘1>
ex

7.999704N/mm?> = | 10.2MPa -

(465mm)> (550mm)”

((55Omm)2> - <(465mm)2) 4. ((240mm)2) o

37) Tangential Stress in Thick Cylinder subjected to External Pressure @

2 2 Open Calculator
d> d:
B () (%) )

(550mm)’ ‘ (465mm)*
((550mm)2) - ((465mm)2> 4. ((240mm)2)

B 54.37396N/mm* = | 8MPa.- +1

38) Tangential Stress in Thick Cylinder subjected to Internal Pressure @

d12 dg Open Calculator @'
) ()

59.1268N/mm?> = | 10.2MPa -

(465mm)’ ' (550mm)*
((550mm)2) - ((465mm)2) 4. <(240mm)2)
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Thin Cylinder Vessel ¢

39) Cylinder Wall Thickness of Thin Cylinder given Longitudinal Stress @

d.
B P
4 . (51
465mm
17.4 =10.2MPa- ——
a 7.4375mm 0 a 163N /mny

40) Cylinder Wall Thickness of
d;

2- Otang

tW:Pi

@ 49.40625mm = 10.2MPa -

Thin Cylinder given Tangential Stress @

465mm
2 - 48N /mm?

41) Inner Diameter of Thin Cylinder given Longitudinal Stress Ko

4.4 5L
d1_4 tow P

68N
@ 800mm = 4 - 30mm -

/mm?

10.2MPa

42) Inner Diameter of Thin Cylinder given Tangential Stress @

Gtaung

P;

Bdi=2tw:

@ 282.3529mm = 2 - 30mm -

43) Inner Diameter of Thin Spherical Shell given Permissible Tensile Stress @

4.+ .5t
dl 4ty b

i

@ 882.3529mm = 4 - 30mm -

48N /mm?
10.2MPa

75N /mm?
10.2MPa
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44) Inner Diameter of Thin Spherical Shell given Volume @

V¥

1
0.25m*\ ¥
) 781.5926mm = (6. o )

™

45) Internal Pressure in Thin Cylinder given Longitudinal Stress L‘l
O]

P,=4-t, —
d;

68N /mm?

@ 17.54839MPa = 4 - 30mm - — =

46) Internal Pressure in Thin Cylinder given Tangential Stress @

Oy
Pi =2- tw . e
d;
48N /mm?
@ 6.193548MPa = 2 - 30mm - ————
465mm

47) Internal Pressure in Thin Spherical Shell given Permissible Tensile Stress @
c

Pi= 4ty b
d;

75N /mm?

19.35484MPa = 4 - -
@ 9.35484MPa 30mm - —

48) Longitudinal Stress in Thin Cylinder given Internal Pressure C‘:

d.
GIZPi'4 ;
*bw

465mm

525N /mm? = 10.2MPa - ———
B 39.525N /mm> = 10 8 e
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49) Permissible Tensile Stress in Thin Spherical Shell L‘l

d;
ct:Pi-4 ;
Cbw

B 39.525N/mm* = 10.2MPa.-

465mm
4 - 30mm

50) Tangential Stress in Thin Cylinder given Internal Pressure @

d;

Gtang:Pi' 2ty

B0 79.05N/mm* = 10.2MPa -

465mm
2 - 30mm

51) Thickness of Thin Spherical Shell given Permissible tensile stress @

d;
4'Gt

Bt. =P

a 15.81mm = 10.2MPa -

465mm

4 - 75N /mm?

52) Volume of Thin Spherical Shell given Inner Diameter @

3
V:’]T'?

@ 0.052645m? = T -

6

(465mm)3
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Variables Used

o d Nominal Bolt Diameter on Cylinder (Millimeter)

. di Inner Diameter of Pressurized Cylinder (Millimeter)
. do Outer Diameter of Pressurized Cylinder (Millimeter)

o E Modulus of Elasticity for Gasket Joint (Newton per Square Millimeter)
o K Approximate Stiffness of Gasketed Joint (Kilonewton per Millimeter)

« k4 Stiffness of Pressurized Cylinder Cover (Kilonewton per Millimeter)
o kj Stiffness of Pressurized Cylinder Flange (Kilonewton per Millimeter)
o ky, Stiffness of Pressurized Cylinder Bolt (Kilonewton per Millimeter)

. kc Combined Stiffness for Gasket Joint (Kilonewton per Millimeter)

o kg Stiffness of Gasket (Kilonewton per Millimeter)

o | Total Thickness of parts held together by Bolt (Millimeter)
o Py Resultant Load on Pressurized Cylinder Bolt (Newton)

. Pext External Load on Pressurized Cylinder Bolt (Newton)
 Pj Internal Pressure on Cylinder (Megapascal)

« P Initial Preload Due to Bolt Tightening (Newton)

e Pax Maximum Force Inside Pressurized Cylinder (Newton)
o P, External Pressure on Cylinder (Megapascal)

e I Radius of pressurized cylinder (Millimeter)
o t Thickness of Member under Compression (Millimeter)

« t,, Thickness of Pressurized Cylinder Wall (Millimeter)

¢ V Volume of Thin Spherical Shell (Cubic Meter)
o O Total Deformation of Pressure Vessel (Millimeter)

o O Decrease in Outer Diameter of Cylinder (Millimeter)

. 6j Increase in Inner Diameter of Jacket (Millimeter)

o AP; Increase in Bolt Load of Cylinder (Newton)

¢ O) Longitudinal Stress in Pressurized Cylinder (Newton per Square Millimeter)

e O Radial Stress in Pressurized Cylinder (Newton per Square Millimeter)

e Oy Permissible Tensile Stress in Pressurized Cylinder (Newton per Square Millimeter)

* Otang Tangential Stress in Pressurized Cylinder (Newton per Square Millimeter)
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e V Poisson's Ratio of Pressurized Cylinder
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Constants, Functions, Measurements used

e Constant: pi, 3.14159265358979323846264338327950288
Archimedes' constant
¢ Function: sqrt, sqrt(Number)
A square root function is a function that takes a non-negative number as an input and returns the
square root of the given input number.
e Measurement: Length in Millimeter (mm)
Length Unit Conversion C’:
e Measurement: Volume in Cubic Meter (m?)

Volume Unit Conversion L‘;

¢ Measurement: Pressure in Megapascal (MPa)
Pressure Unit Conversion C‘:
e Measurement: Force in Newton (N)
Force Unit Conversion @
 Measurement: Stiffness Constant in Kilonewton per Millimeter (kN/mm)
Stiffness Constant Unit Conversion @
e Measurement: Stress in Newton per Square Millimeter (N/mm?)
Stress Unit Conversion C‘:
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Check other formula lists

o Power Screws Formulas @ ¢ Design of Pressure Vessels Formulas @

« Design of Belt Drives Formulas ($
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