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CHAPTER-1

PRESSURE VESSELS DESIGN

(1) Inpressure vesselsweinclude al vessels and pipeline.
(2) These pressure vessels carry, store or receive liquid, gases or steam at pressure above the atmospheric
pressure.

Design Pressure

(1) Wedesign the pressure vessels to withstand maximum working pressure.
(2) When pressure vesselsis under internal pressure then we obtain design pressure by adding 5 to 10% to
the maximum working pressure.

Design temperature: 4
(1) Temperature useglity

conditions be

Maximum Allowable Stress: g e
(1) Maximum alowable stressis required for design purpose.

(2) Maximum allowable stressis cal culated by applying a suitable safety factor to the maximum stress.

(3) The maximum stress of material could be expected to withstand without failure under standard test
conditions.

(4) From standards and code used for design pressure vessels we can obtain val ues of maximum allowable
stress for different material.

Materials:.
(1) We have to select suitable material for process vessels construction from the list of acceptable material
availablein codes and standard.
(2) Selection of material depends on
a. Suitability of material for fabrication.

b. Suitability of material with process environment.
Weld joint efficiency factor (J):
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(1) Weldjoint efficiency factor (J) istheratio of strength of an arbitrary strength of welded joint to the
strength of plate welded.
(2) Weldjoint efficiency factor depend on joint type and radiography amount required for the design
code.
(3) Joint efficiency is 100% for seamless heads.
(4) Joint efficiency :
Spot radiography: 85%
No radiography: 70%

Corrosion allowance:
(1) Additional thickness of metal provided to alow for material 1oss by corrosion and erosion during the

expected life of the vessel is called corrosion allowance.
(2) Unlessaprotective lining is employed a minimum corrosion allowance of 1.5 mm should be provided.
(3) Pressure vessels may be partialy or fully lined with corrosion resistant material.
4 We should not provided corrosion alowance against internal wastage of the base material.

- WENLE A

(5)  Theselinesare provided to exclude contact-ReliSeRBaSC HaeiiaingRd corrosive agent.

(6)  Theselining may be intermittegigfiatiae 1

Iron and Steel:
(1) Low carbon = i
2 '
©)
(4)
©)

esiStant to-COLLoSIONn
concentrated sulphuric acid, and alkal ies.
(6) Iron and carbon steels are suitable for use with most organic solved except chlorinated solvent.
(7) Mild stedl is susceptible to stress corrosion cracking in certain environments.
(8) Highsiliconiron (14 to 15% Si) are particularly suitable for handling sulphuric acid at all concentration
and temperature.
Sainless Sedl:
(1) The stainless steels are the most frequent used corrosion resistant material in process industry.
(2) Nickel isadded to improve the corrosion resistance in non oxidizing environment.
(3) Chromium is added to impart corrosion resistance in oxidizing conditions.
(4) Chromium content should be above 12 percent.
(5) Stainless steels can be divided into three types based on their micro structure:
a Ferritic: 13-20% Cr, lessthan 0.1 % C, No Nickel
b. Austenitic: 18- 20% Cr, greater than 7% Ni
c. Martensitic: 12- 10% Cr, 0.2t0 0.4% C, up to 2% Ni.
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(6) The austenitic stainless steds have greater strength than the plain carbon steels, particularly at high
temperature.
(7) Important grades of austenitic steels are given below:
I. Type 304: It is most widely used stainless steel. Type 304 isalso called 18/8 stainless steels. Type
304 have minimum Cr and Ni which provided a stable austenitic structure.
I1. Type304L: Type 304L isthe low carbon version of type 304. Type 304L isused for thicker welded
section.
. Type321: Type 321 isstabilized with Ti to prevent carbide precipitation during welding.
IV. Type 347: Type 347 is stabilized with niobium.
V. Type 316: Type 316 have molybdenum which improve the corrosion resistance in reducing
conditions such as in dilute sulphuric acid.
VI. Type316L: - Type 316L isalow carbon version of type 316.

Nickel and ItsAlloys:
(1) Theimportant use of nickel aloy isfor equipment hdI ing caustic alkalies at temperature above 70°C.

Y]

(2) Important Ni-Cu aloy is monel whic 0
(3) Monel alloy has good mechanig Propeg
(4) Monel aloy has good resi e i |
(5) Monel aloy used fog f/ t el i o
(6)  Inconel have 7a#8) f "

(7)  Inconel is ~‘ '
(8)  Inconel is refitant to furnace gasesi
9 Hastdloys .‘

Q

osition are given below:

b.Hastelloys B¥N 54% _
(10) Hastelloysis useful for corrosi on TeSSaneto

Aluminum and ItsAlloys.
(1) Pure Al has ahigher resistance to corrosion than its alloys.

(2) Pure Al hasless mechanical strength in compareto itsalloy.

(3) Aluminum —Copper aloy (Compoasition: - 4% Cu, 0.5% Mg) is main structural alloy of aluminum.

(4) Aluminum-Copper aloy has tensile strength equivalent to that of mild steel.

(5) Pure aluminum can be apply as cladding on aluminum plate alloy. These combine corrosion resistance
of pure metal and alloy isuseful for concentrated nitric acid 80%.

(6) These are widely used in textile and food industries where use of mild steel would lead contamination.

Lead:

(1) Lead metal isa soft, ductile material and is mainly used in the form of sheets or pipe.

(2) Lead hasaresistance to acid specially to sulphuric acid.

Copper and ItsAlloy:

(1) Copper isused for small bore pipe and tubes.
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(2) Theimportant aloy of copper are the brasses and bronze.

(3) Brassesisalloy of Zink and copper.

(4) Bronzeisalloy of copper and tin.

(5) The important use of these alloy in process industry for values and other small fittings, and for hest
exchanger tube and tube sheet.

(6) The copper Ni alloy have a good resistance to corrosion —erosion.

(7) The copper — Ni aloy are used for heat exchanger tube specially where coolant is sea water.

Titanium:

(1) Titanium has a good resistance to chloride solution, including sea water and wet chlorine.

)

Titanium is use for seawater and replacing for cupro- nickel aloy.

PD, PD

t= = L d
200f3p 200f:+P

Where

P= design pressure, kgr/cm?

Dj= inside diameter of shell, mm

Do= outside diameter of the shell, mm

f= allowance stress, Kg/mm?

J= Joint factor

t=minimum thickness of shell plate exclusive corrosion allowance, mm.
(2) The minimum thickness of spherical shell is given by-

PD, PD,

t= =
400fFp 400f3+P

Heads and Closures:

(1) Theends of cylindrical vessels are closed by heads of various shapes. Important are:
() Ellipsoida heads
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(b) Torispherical heads
(c) Hemispherical heads
(d) Flat plates and formed flat heads

(2) Torispherical heads are often referred to as dished ends

(3) Hemispherical, ellipsoidal and torispherical head are collectively called as domed heads.

(4) Flat plates are used as covers for manways and as the channel covers of heat exchanges.

(5) Standard torispherical head are generally used end closure for vessels up to operating pressure of 15
bar. Torispherical head can be used for higher pressure but cost will compare above 10 bar with that
of an equivalent ellipsoidal heads.

(6) Ellipsoidal head usually prove to the most economic closure to use above 15 bar.

(7) A hemispherical head is the strongest shape capable of resisting about two times the pressure of a
torispherical heads of the same thickness.

(8) Hemispherical head are used for higher pressure

(9) Forming cost of hemispherical heads will be more than that for shallow torispherical heads.

FLATESENDS: P
(1) The minimum thickngs§¥e

gsis ' y:

P = Des grSigsSiie— ——
(2) C,dependson edge constrai nt. =
(3) Vadue for nomina plate diameter design D and constant Cp are given in the design codes and
standards for various arrangements of flat end enclosures.

Ligament Efficiency:
(1) When ashdl isdrilled with multiple holes, then shell strength is reduce in proportion to metal
removed and according to relative hole arrangement.  For example in tupe plate.

(2) When acylindrical shell isdrilled with tube holes paralldl to its axis, the efficiency J of ligaments
snall iscaculated as:

(3) When aholes are spaced regularly along the line in question , the efficiency Jis given by :

P, —d

P

t

=

P, =tube holes pitch
d = tube holesdiameter.
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(4) When the pitch of holesis unequa along thelinein question , the efficiency Jis given by: -

P-nd
P

t

=

Where
d = diameter of tube holes
n = number of tubes holesin length P,
P, = Total length between centre corresponding to n consecutive ligaments.
Domed ends:

For various type of domes heads design equation and charts are given in 1S : 2825-1969.
Hemispherical heads:

would be differeplf” ©
(3) It between two péits
hemispher d thicknessto cylin

&l \ead would be larger than that in the cyli

(1) Most standard €llipsoidal heads are made with major and minor axisratio of 2:1.
(2) For thisratio the following equation used to calculate the minimum thickness required :

PD,

t=—
2fJ-0.2P

Torispherical Heads:
(1) the minimum thickness required for torispherical head is given by:

— PRCCS
2{3+P(C,-0.2)

Where,
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Rc=crown radius
Rx=knuckleradius
Cs=stress concentration factor for torispherical heads

i

2 For formed heads the joint factor Jis taken as 1.0
(©)) To avoid bucking ratio of knuckle to crown radii should not less than 0.06 and the crown
radius should not be greater than the cylindrical section.

CONICAL SECTIONSAND END CLOSERS:
(1) Conical sections are used to make a step reduction in diameter from one cylindrical section
to another cylindrical section of smaller diameter.

2 Application of conical ends are to facilitate the smooth flow and removal of solids from
process equi pment.

(3) Thethickness required at any pointai

(PP ) 1 S
2fJP ) costt o>

Where, &,
Ol=half the cqfi€/Ane
Di=cone digiie!

attachments and vessel location.

Vertical vessels:

(@)} Vertical vessals use various means of support such as skirt, posts or column, brackets or
lugs.

2 The supporting member under the bearing attachments would preferably be as close to the
shell as clearance for insulation will permit in case of vessels are supported on brackets or lugs.

3 In case if vessels are support on posts or column, then it may need stiffening. Stiffening is
done by ring girder, internal partition to resist the force tending to buckle the vessel walls.

(@] In corroded condition skirt support for vertical vessels should not be less than 7mm thick.

Horizontal Vessels:

D Saddles, equivalent leg support or ring support are used for supporting horizontal vessels.

2 When horizontal vessels’s wall is not too thin then we can used saddles.

3 Saddles should preferably extend at least beyond 120 degree of vessel circumference.

(@] In case of thin vessel saddles should be place at points near the vessel ends.
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Note:
D Cylindrical vessd:
) Longitudinal stress:
bl
4fJ
(b) Circumferentia stress: t—p—d
2fJ
2 Spherical vessels:
=Pd
4fJ
Where,
t= shell thickness
d=cylinder diameter
p=design pressure
f=allowable stress
Jejoint efficiency ; -

3 In case of where fabri ation’ ;,.Q éoﬂrmrthEn '_ : Id be more economical
shape for vessels. & \'ﬁ

(@) Cylindrical 4 ) | wgely used in chemical industry becaus easily fabrication,
simpler to erect, res e : :

(5) i Ncel efﬁal structure ol J and aso its wall
thickness for g' pressure is mini / where matter of
material saving "f' stress uniform distribution in m C |

6) it = x

(7) RS ' pienstie] '_f j@iif®per ating under external pressure.

) Ui e cener sty gRaen o

9 Packed column are generally used when column diameter isless than 3ft(1 m).

‘ KEY POINTS TO REMEMBER ‘

(1) The minimum thickness of cylindrical shell isgiven by:
_ PD, _ PD,
200fJ-P  200fJ+P
2 The minimum thickness of spherical shell is given by:
= PD, _ PD,
400fJ-P  400fJ+P
3 Minimum thickness required for flat end is given by:
f
(@] When the holes are spaced regularly along the line in questions, the efficiency Jis given by:
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_PR-d
P

t

t

Where d=tube hole diameter

(5) When the pitch of holesisunequa along the line in question, the efficiency Jis given by:

= P-nd
P

t

(6) Cylindrica Vessels.

(a) Longitudinal stress

(b) Circumferential stress

t= Pd

‘ ESTIMATION OF COST I

Aim of any process plants are to make profit. Hence an estimated cost of the investment needed.

Remember: The purpose of estimating is to develop cash flow projections — not to produce exact data about
the future, which isvirtually impossible.

Production cost is needed before the profitability of a project can be assessed.
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Total Capital I|nvestment:
(1) The capita required to supply the necessary manufacturing and plant facility is caled fixed capita

investment.

(2) The capital required for the operation of plant is called working capital.

(3 The sum of the fixed capital investment and working capital investment is called total capital
investment.

(4) Tota capital investment iswritten as:

Total capita investment=(fixed capital investment)+(working capital investment)

Fixed Capital Investment: (F.C.1)
(1) Fixed capital meanstotal cost of plant ready for start up it isthe cost paid to the contractors. It isaonce

- only cost that is not recovered at the end of the project life, other than scrap value. Fixed capita
investment can be divided into-
(8 Manufacturing fixed capital investment
(b) Non-manufacturing fixed capital inv&tment _
2) Manufacturlng fixed capltal mvest nent e ethe—

(3) Fixed capita| requiy

shipping and '
consists of fielg

Working Capital: ;
(1) Working capital isthe acicitl AR
and operate plant to the point when profit is earned.

B6d over and above thefixed capital to start the plant up

(2) Theworking capita for an industria plant consists of the total amount of money invested in:
(a) Raw materials and supplies carried in stock.
(b) Finished product in stock and semi finished product in the process of being manufactured.
(c) Account receivable.
(d) Cash kept on hand for monthly payment of operating expenses such as salaries, wages and raw
materia purchase.
(e) Account payable and taxes payable.
(f) Start up cogt, catalyst charges.
(3) The ratio of working capital to total capital investment varies with different companies but most
chemical plant use aninitial working capital amounting 10 to 20 percent of thetotal capital investment.

(4) Most of the working capital is recovered at the end of the project.
Cost Escalation (Inflation):
A cost index is an index value for a given time showing the cost at that time relative to a certain base time. Cost
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index can be used to give agenera cost estimate.
The present cost usually estimated from the past data by the use of published cost indices.

(cost index in year X
LcostmdexmyearY

cost in year X=(cost in year Y) x

Example Find the present cost of heat exchanger if its original cost was Rs x and cost index in present time is 2
times that of cost index in original time.

= Present cost = Original cost [ Cl/ Present j

Cl/ origina time

=Xx2
present cost = 2x Rs

Method for Cost Estimating:
(1) Six Tenth Rule:
The capital cost of aproject isrelated to capacity by following eguation:

C, = Cl 2 Pl -_—_,_..--"'___' ;20 .;I_;_l ..
"R) g é‘: SAMPLE ,~Q,
Where Cg—capital ol c aOrectimitrC apacity P, ;
Ci=caf ot coRRCfe proj capacity P, '*

valueoflnd 'ﬁ M as 0.6
{d

The six — tenths rule i ' ely used in appro devent Al pﬁc ::
Example: The purch 56d cost of a 20m? shell er \ ERS fan § 100m? heat exchanger in

2002. Given, Marshaliand swift installed equipment mdexesfor DTS tﬁ‘au ry:

Year Index & -‘._.,ﬂ.aﬂ’ /
2000 11007 ¥ ’ *« S ﬂM PLE * ,/P>

2002 1116.9

And chemical engineering pIant cost |ndex _—
Year index

200 394.1

2002 390.4

The equipment cost versus capacity exponent is 0.44

0.44
= cost based on chem.. Eng = Rs7000 x 390 4 (100

— Rs14,078
3041\ 20 j

Cost based on Marshal and Swift

0.44
= Rs7000x wx 100 = Rs14,302
1109.7 \ 20

Postal Course ( GATE & PSUs) © 2015 ENGINEERS INSTITUTE OF INDIA® .  All Rights Reserved

28-B/7, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016. Ph. 011-26514888. www.engineersinstitute.com




Chemical Engineering (GATE & PSUs)

Sample Sudy M aterials

Join Engineers Institute of India-Eii
India’s Best institute for Chemical-GATE
= Classroom GATE Coaching
= Postal Correspondence Coaching
= All India Test Si—ONLI NE

Postal Course ( GATE & PSUs) © 2015 ENGINEERS INSTITUTE OF INDIA® .  All Rights Reserved

28-B/7, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016. Ph. 011-26514888. www.engineersinstitute.com



