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1st Chapter 

 

 

 

1.1-What is Naphthalene 

Naphthalene, C10H8 is an aromatic hydrocarbon with two, ortho-condensed, benzene rings. 

 

 

 

 It is first member of the series of condensed-ring aromatic compound.  It  forms easily 

sublimable colorless leaflets or monoclinic crystals. It has a characteristic odor in grades of 

technical quality due in large measure to contain impurities; very pure,  sulfur free material has 

a milder and more pleasant odor. It burns in air with the formation of much soot. 

  

 

 

    INTRODUCTION: 
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1.2-Properties 

Table (1-1): CHEMICAL AND PHYSICAL PROPERTIES OF NAPHTHALENE: 

 

PROPERTY 

 

VALUE 

Molecular Weight 128 

Melting point, 0C 80.290 

Normal Boiling point (at 101.3kpa),0C 217.993 

Triple point (ttp), 
0C 80.28 

Critical temperature (tc), 
0C 475.2 

Critical pressure (pc),kpa 4051 

Flash point (closed cup), 0C   79 

Ignition temperature, 0C   526 

Flammable limits, Vol% Upper 

Lower 

5.9 

0.9 

Heat of Vaporisation, KJ/mol 43.5 

Heat of fusion at triple point, KJ/mol 18.979 

Heat of combustion(15.50C, 101.3kpa),     KJ/mol -5158.41 

Heat capacity (at 15.50C, 101.3kpa),   KJ/mol0C 159.28 

Heat of formation (at 250C), KJ/mol 

Solid Gas 

78.53 

150.58 

Density (at 250C), g/cm3 1.175 

Density (at900C), g/cm3 0.97021 
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1.3-Naphalene Azeotropes: 

Table (1-4):Naphthalene forms azeotropes (constant-boiling mixtures) with  various  compounds. Some of 

them are listed below. 

 

COMPOUND 

 

BOILING POINT 

AT 760,0C 

 

NAPHTHALENE 

WEIGHT% 

Benzoic acid 217.7 95 

1,2-benzenedion 

(catechol) 

216.3 98.8 

4-chlorophenol 216.3 63.5 

2-nitrophenol 215.75 40 

1,3,5-triethylbenzene 215.0 15 

Benzyl acetate 214.65 28 

Benzyl alcohol 204.1 40 

m-cresol 202.08 97.2 

Acetamide 199.55 72.8 

Ethylene glycol 183.9 49 
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Naphthalene is only slightly soluble in water (0.019g/l at 00C and 0.030g/l at 1000C) but is soluble in many 

organic compounds. The best solvent is tetrahydronaphthalene, which of are solvents has the greatest 

configurationally similarity to naphthalene. Naphthalene is soluble in liquid sulfur  dioxide,  giving  it  a  

greenish  yellow color, in phenols,  ethers and acetic acid, and in fats and volatile oils. Naphthalene  is a good 

solvent for many  compounds including such inorganic  substances as phosphorus, iodine, sulfur and several 

metal sulfides. 

Naphthalene derivatives are important intermediates in dyes, pharmaceuticals, agriculture chemical, 

surface-active agents, etc 
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1.4-  The reaction of naphthalene are of three distinct types: 

1.4.1-Substitution 

The industrially important substituents in naphthalene are the nitro, hydroxy, sulfonic, amino and alkyl 

groups, and chlorine. Reactants at lower temperature tend towards alpha- or 1-position substitution; at 

higher temperatures, toward beta- or 2- position substitution. 

The four alpha (1,4,5 or 8) and the four beta (2,3,6 or 7) position are equivalent. There are therefore two 

possible isomers when there is substituent, ten isomers when naphthalene is di-substituted with the same 

group or fourteen when the two substituents are different. 

 

1.4-2Addition Reaction: 

The important addition products or naphthalene are made by the addition to it of hydrogen or the halogens. 

Addition and substitution may occur in the same naphthalene molecule. 

 

1.4.3-Ring Rupture: 

Oxidation of naphthalene under normal condition conditions lead to naphthaquinone, but if the oxidation is 

continued beyond naphthaquinone, one ring of naphthalene ruptures with further oxidation of two carbons 

to carbon dioxide. The two remaining carbons, ortho to each other on the remaining ring, form carboxy 

groups to  yield o-phthalic acid, which dehydride is the largest use for naphthalene. 
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1.5-Uses: 

The most use of naphthalene around the world is the production of phthalic anhydride by the way of  

vapor-phase catalytic oxidation, especially  in Japan and the USA, where its  accounted for 73% and 60% 

of naphthalene demand, respectively, in 1999. Phthalic anhydride is used as an intermediate for polyvinyl 

chloride plasticizers, such as di(2-ethylhexyl) phthalate. Naphthalene is also used in the manufacture  for 

the dye industry as intermediates ; in the manufacture of synthetic resins smokeless powder, and 

celluloid,lampblack; also in the manufacture of hydronaphthalenes (Tetralin (tetrahydronaphthalene), 

Decalin (decahydronaphthalene)) which are used as solvents, in lubricants and in motor fuels(1) . 

Naphthalene sulfonates represent a growing outlet for naphthalene. The product is used as wetting agent 

and dispersant in paints and coatings and in a some of pesticides and cleaner formulations. also  

Naphthalene is a starting material for the manufacture  of 1-naphthyl-N-methylcarbamate (carbaryl), an 

insecticide, and several other organic compounds and intermediates(2) .The use of naphthalene as a moth-

repellent and insecticide is decreasing due to the introduction of chlorinated compounds such a para-

dichlorobenzene, in moth-proofing and fumigation. A new use for naphthalene is in production of 

polyethylene naphthalene for making plastic beer bottles. It has also been used in veterinary medicine in 

dusting powders, as an insecticide and internally as an intestinal antiseptic and vermicide(3). 
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1.6-Production methods 

Naphthalene is produced by the following processes: 

1- Recovery from coal tar  

2- From   petroleum 

 

1.7-Naphthalene in petroleum  

Naphthalene is present, in varying amounts, in all petroleum-derived pyrolysis 

products which have been exposed to a temperature of over 500°C or to catalytic processes under 

relatively severe conditions.  

It can thus be found in the appropriate distillation fractions of the liquid products of  

- steam cracking for the production of ethylene,  

- in by-products of crude oil cracking  

- and in residues of catalytic gasoline reforming  

- as well as catalytic cracking of gas oils.  

-  The extraction of kerosene fractions provides a further source of naphthalene, after the separation 

of aliphatics. 

This project presents a detailed design of naphthalene distillation column with its overhead condenser. 

Process design requires thermo physical property data, most  of which are generated using contribution 

methods.  
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Figure (1.1)  

Process flow diagram 

 

 
 

 

 

 

 

 

 

 

 

HE= HEAT EXCHANGER  

CO= CONDENSER                                                                                                                              R=REACTER  

S=SEPARETER                                                                                                                                    F=FURNACE                                       

SC=SEPARATER COLUMN                                                                                                             RB=REBOILER 
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2nd Chapter 

 

 

 

 MATERIAL BALANCE 

 

Feed contains toluene, naphthalene, dimethylnaphthalene,  hexadecene. The naphthalene produced is 

usually better than 99 % pure and low in sulfur content.  95%  feed made up of aromatic. 

 

 

COMPONENT WEIGHT 

PERCENT 

MOLECULAR WT. 

Toluene 25 92 

Naphthalene 15 128 

Methylnaphtha

lene 

55 156 

Hexadecene 5 226 

 

Number of Moles =(Weight \ Molecular wt)  

Mole of toluene = 0.2717 

Mole of naphthalene =0.1171 

Mole of methylnaphthalene =0.3525 

 Mole of hexadecene  =0.02212 

Material  balance  
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 Total mole of feed =0.76342 

 Mole fraction = (mole\ total mole)

COMPONENT MOLE PERCENT 

  

Toluene 35.58 

Naphthalene 15.33 

Methylnaphthalene 46.17 

Hexadecene 2.877 
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Avg. molecular wt of feed = (92 x 0.355 + 128 x 0.1534 + 156 x0.4617 + 226 x0.0289) 

=130.951 kg\ kmole 

    Production capacity = 450,000 Tpy 

Assume in year plant working 330 day and in a day plant working 20 hours. Plant capacity 

=(450,000,000)\ (330 x20) 

= 68181.82 kg\ hr Let composition of product : 

 

COMPONENT WEIGHT 

PERCENT 

MOLE FRACTION 

Toluene 0.2 2.78 x 10-3 

Naphthalene 99 0.9911 

Methylnaphthalene 0.8 6.572 x10-3 

Hexadecene 0 0 

 

Moles of naphthalene in product (6181.82 8x0.99)\ 128 

= 527.34 Kmole\hr 

Moles of dimethylnaphthalene in product 

=(68181.82 x0.008)\ 156 

= 3.49 Kmole\hr Moles of toluene in product 

(6181.82 x0.002)\226 

=1.4822 Kmole\hr 
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Total moles of product =532.3122 Kmole\hr 

 

Dimethylation reaction 

 

           C10H6 (CH3) 2 (g) +2H2 (g)                       C10H8 (g) + 2CH4 (g) 

 

(70% -100% conversion efficiency) Naphthalene in 1 mole feed 

= (Moles present in feed +moles by conversion) 

= (0.15338   +0.92 x0.46517) 

= 0.5782 mole of naphthalene 

When 0.5782 mole naphthalene then product = 527.34 Kmole\hr One mole naphthalene then product = 

(527.34)\(0. 5782) 

FD = 911.936 Kmole\hr 

Toluene in feed = 324.54 Kmole\hr 
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TOLUENE TOWER: 

Let composition in stream T 

 

 

COMPONENT 

 

MOLE PERCENT 

Toluene 99.00 

Naphthalene 1.00 

 

 

 

Over all toluene balance 

T = (Kmole\hr of toluene in feed – that in product) 

= (324.54 –1.4822) 

= 326.331 Kmole\hr 

Naphthalene in stream T = 0.01 x 326.33 

=  3.263 Kmole\hr 

Hexadecane in feed = 911.934 x 0.02893 

= 26.420 Kmole\hr 

 Naphthalene produced by reactor is: 

= 527.34 –(911.934 x 0.1534) 

= 390.71 Kmole\hr 

Mole fraction is = (390.71\911.396) 

=0.4284
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Corrected overall conversion = 92.796%  

Dimethylnaphthalene in stream H: 

= 421.040 - 3.49 – 390.71 

= 27.38 Kmole\hr Total moles in H stream: 

Moles of (C16H34) + (mole of Dimethylnaphthalene) 

= 26.420 +27.38 

= 53.8 Kmole\hr Composition of H stream 

 

COMPONENT MOLE PERCENT 

Dimethylnaphthalene 50.89 

C16H34 49.11 
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NAPHTHALENE TOWER: 

Here we assume the composition of stream F 

 

 

 

 

 

 

 

 

 

 Over all toluene balance 

 

   

  0.0012F= 1.4822   , F = 1235.166 

 

 

 Mole % 

Toluene (x1F) 0.0012 

Naphthalene(x2F) 0.60 

Dimethylnaphthalene(x3F) 0.3988 

Hexadecane (x4F) 0 
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Over al balance 

F = P + D 

D = 1235.166 –532.312    ,= 703.046 Kmole\hr 

 Overall Naphthalene balance 

0.6(1235.166) = 527.43 +X2DD 

       X2D  = 0.3040      X1D =  X4D  = 0 

 

X2D+ X3D =1 

X3D  = 0.6959 

 

 

 

 

MATERIAL 

 

 

 

MOLE  PERCENT 

Toluene 0 

Naphthalene 0.3040 

Dimethylnaphthalene 0.6959 

Hexadecane 0 
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TOWER (II) & (III): 

Let mole fraction of naphthalene in stream F2 = 0.69 Let mole fraction of naphthalene in stream F3 = 0.1 

Since the reaction does not change the totel mole of liquid and gases (H2 + CH4) Which are immiscible 

with liquid which are removed in the separator . 

Feed in ii tower F2 = FD + D + R – T 

= R +1288.651 Kmole\hr 

 Naphthalene balance around tower ii ; 

(R +1288.651) x 0.69 = (1235.166) x 0.89 +R +53.8) 

R = 365.271Kmole\hr 

 F3 = R +H 

= 419.071 Kmole\hr 

F2 =1653.92 Kmole\hr 

Let Toluene mole fraction in stream F2 = 0.0008  

Let Toluene mole fraction in stream F3 = 0 

Let Dimethylnaphthalene mole fraction in stream F2 = 0.275 

 

Dimethylnaphthalene balance around tower ii : F2( 0.275 ) = F3 X3F3 +F(0.1088) 

X3F3 =0.7646 
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TOWER I : 

F1 = F2 +T 

= 1980.251 Kmole\hr  

Toluene balance around tower i 

1980.251X1 = 0.99 x 326.331 +0.0008 x 1653.92 

X1 = 0.1638 

Naphthalene balance around tower i 

1980.251 X2 = 0.1 x 326.331 + 0.69 x 1653.93 

X2 = 0.5927 

Dimethylnaphthalene balance around tower I 1980.251X3 = 1653.93 x0.275 

X3 = 0.2296 

Hexadecane balance X4 = 1-(X1 + X2 + X3) X4 = 0.0139 

 

BALANCE AROUND JUNCTION J1 : 

FDD = FD +R 

= 1276.670 Kmole\hr  

Toluene balance 

FD x 0.3 5589 = FDD x X1 911.33 x 0.35589 = 1276.607 

X1 = 0.254 

Naphthalene balance 

1276.607 X2 = 911.336 x0.1534 + 365.271x 0.1167 

X2 = 0.1423 

Dimethylnaphthalene balance 

1276.607 X3 =911. 336 x 0.4617 +365.271 x 0.8022 

X3 = 0.5591 

Hexadecane balance X4 = 1-(X1 + X2 + X3)
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X4 = 0.0445 

H2 : Naphthalene =5 :1 

Kmole of Dimethylnaphthalene in FDD stream 

= 1276.607 x 0.5591 

= 713.750 Kmole\hr So that H2 = 5 x 713.750 

= 3568.75 Kmole\hr 

= 7137.5097 Kg 

Here H2 is goes into the reactor In put in reactor = FDD + H2 

= 1276.60 + 3568.75 

= 4845.35 Kmole\hr 

 

 

BALANCE AROUND JUNCTION J2: 

Over all balance Toluene balance 

LX1 = 1980.245 x0.1688 X1 = 0.2539 

Naphthalene balance 

1277.205 x X2 = 1980.251 x 0.5927-703.046x0.8137 X2 = 0.471 

Dimethylnaphthalene balance 

1980.251 x X3 = 1277.205 X3 + 703.046 x0.1862 

X3= 0.2534 

Hexadecane balance X4 = 1-(X1 + X2 + X3) X4 = 0.02155 
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REACTOR BALANCE 

Dimethylnaphthalene input to reactor = 4845.38 Kmole\hr Dimethylnaphthalene input to reactor 

=1276.607x 0.5591 

 

= 713.750 Kmole\hr  

Dimethylnaphthalene output from reactor = 1277.205 x0.2534 

= 323.6437 Kmole\hr 

Dimethylnaphthalene converted = 713.75 - 323.6437 

= 390.106 Kmole\hr Per pass conversion in reactor = (390.106\713.75 ) x100 

= 54.65% 

Mathen gas produced in the reactor= Moles of Dimethylnaphthalene reacted 

= 390.106 Kmole\hr 

H2 un reacted = 3568.75 – 390.106 

= 3178.64 Kmole\hr Balance around separator 

Over all balance C = L + G 

G =3568.75 Kmole\hr H2 balance 

H2 in feed =3568.75 

H2 un reacted =3178.644 

% Of H2 in stream G = 3178.64\3568.75 =0.890 

CH4 in stream G =11
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3nd Chapter 

 

 

 

 

ENERGY BALANCE 

BASIS : 1 Hr of operation 

Reference temperature =250C 

Balance around naphthalene tower 

Enthalpy of feed stream at 231.670C 

Assume feed is binary mixture 

Feed is saturated liquid 

HF =F {XNF Cpl (231.67-25) + XDF Cpl (231.67-25)} 

= 1235.16 {0.6 x 226.1 x(231.67 –25) +0.3988 x240 x(231.67 –25)} 

= 61107677.49 KJ\hr 

Enthalpy of bottom stream at 2450C 

HD=D{XND Cpl (245-25) + XDD Cpl (245-25)} 

=703.046 {0.3010 x 228.1 x (245 –25) +0.6959 x240 x(245 –25)} 

= 38893781.45 KJ\hr 

 

 

Energy balance  
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Enthalpy of at top stream at 218.330C 

HP =P{XNP Cpl (218.33-25) + XDP Cpl (218.33-25)}=532.312 {0.9911 x 220.1 x(218.33–25) +6.56 x10-

3 x234 x(218.33 25)} 

= 22608196.13 KJ\hr 

Condenser load 

QC =12539255.76 KJ\hr 

QB = HP + H' - HF+ QC 

QB =12933556.03 KJ\hr 

Balance around tower 1st 

At=1600C 

HF1 =F1{XNF1 Cpl (160-25) + XDF1 Cpl (160-25) +XTF1 Cpl(16025)} 

=1980.25 {0.5927 x 160 x(160 -25) +0.2227 x180x(160–25) 

+ 0.1638 x 110(160-25)} 

= 41241761.83KJ\hr 

HF2 =F2{XNF2 Cpl (230.6 -25) + XDF2 Cpl (230.6-25) +XTF2 Cpl (230.6-25) } 

=1653.92 {0.69 x 230 x(230.6-25) +0.275 x240x(230.6–25) 

+ 0.0008x 180 x(230.6 -25)} 

= 76457292.03 KJ\hr 

similarly at top at 1120C 

HT =2849976.605 KJ\hr 

condenser load 

QC =m ç 

=( 0.9911 x92 + 0.01 x128 ) x326.31 x 295.2 

= 8896735.12 KJ\hr 

QB = 46962241.93 KJ\hr 
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Balance around tower 2 

HF2 =76457292.03 KJ\hr 

HF = 61107677.44 KJ\hr 

HF3 at 2590C 

HF3 =419.071{ 230 x 0.1 x 234 +240 x0.7646 x234} 

=0322.04 KJ\hr 2025 

QC =m ç 

= 4910707.45 KJ\hr 

QB = 4910707.45 KJ\hr 

Balance around column 3 

HF3 =61107677.44 KJ\hr 

HH = 53.8{0.5081(276.15 –25) x240 + 0.4911 x230 (276.15 –25)} 

= 3173897.72 KJ\hr 

HR = 365.271{0.1147(256-25) +0.8028x240(256 – 25)} 

= 18483122.12 KJ\hr 

QC =m ç 

= 365.271 x0.142 x 338.2 

= 18948618.41 KJ\hr 

Balance around cooler at 2380C 

Q = D{ X2D Cp(238 –159.2) + X3D Cp ( 238 –159.2)} 

= 703.046 { 0.3040 x190 x78.8 + 0.6960 x 200 x 78.8} 

= 10911523.07 KJ\hr 
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Balance around heater feed stream entering 

Let feed temperature is 1050C 

HF1 =911.93 { 0.3558 x(105-25)x93 +0.1536 x130 ( 105 –25) 

+ 0.4617 x159.12 (105 –25) } 

= 9230477.86 KJ\hr 

heat added in heater to heat the feed to 256.430C 

= 911.93{ 0.3558 x 170.2 x(256.43-105) +0.1535 x200 (256.43 –105) 

+ 0.4617x240 (256.43 –105)} 

= 27904079.28 KJ\hr 

HF2 = HF1 + HFQ 

= 37134557.08 KJ\hr 

Balance around reactor 

heat of reaction = -82920 KJ\kmole 

total heat produced by reaction 

= 82920 x 390.71 

= 32397673.2 KJ\hr 

Balance around J1 

FDD = FDD1 + HD        = 55617681.2 KJ\hr 

Balance around junction J2 

HL = HF1 + HR1            = 18948618.41 
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balance around separator 

HG = 3658.75{ 0.89 x 30 x(160 –25) +0.11 x 85.34( 160 - 25) 

= 17821044.4 KJ\hr 

Hc = HL + HG 

= 36769662.81 KJ\hr 

balance around H2 gas heater 

Q = H2 x Cp (700 –25) 

= 3658.75 x 30 ( 700 –25) 

= 74049187.5 KJ\hr 
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4rd Chapter 

 

 

 

 

PROCESS DESIGN OF MAJOR EQUIPMENT 

 

Table (4-1): vapor-liquid equilibrium data 

 

Temperature in 
deg. F 

Naphthalene mole 
fraction 

in liquid phase 

Naphthalene mole 
fraction 

in vapor phase 

505 0 0 

500 0.05 0.1114 

494 0.1 0.211 

489 0.15 0.301 

484 0.20 0.382 

479 0.25 0.455 

474 0.30 0.55521 

Process design  
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469 0.35 0.58 

465 0.40 0.63 

                461 0.45 0.683 

457 0.5 0.727 

453 0.55 0.767 

449 0.60 0.803 

445 0.65 0.836 

442 0.7. 0.866 

439 0.75 0.894 

435 0.80 0.919 

433 0.85 0.942 

429 0.9 0.963 

426 0.95 0.982 

424 1.00 1.00 
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Figure 4-1 number of stage of distillation 
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Assume feed is liquid at its bubble point =231.67 deg. So q=1 

Slope =(q\q-1) = ∞ 
 

Composition of feed 

Naphthalene = 0.60 mole fraction (Zf) Toluene = 0.0012 mole fraction  

DimethylNaphthalene=0.3988 mole fraction 

Feed flow rate =1253.166 Kmole/hr 

 

Composition of Distillate 

Xn = naphthalene mole fraction in distillate =0.9911 

Xt = toluene mole fraction in distillate = 0.0027848 

Xm =Dimethyl naphthalene mole fraction in distillate = 6.5x10-3 Flow rate of distillate = 532.31 

Kmole/hr 

 

Composition of bottom stream 

Xw =0.3040 

Xm1 = 0.6959 

Using material balace F =D +W 

FZf =DXd +WXw 
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1235.166 x 0.6 =532.31 x0.9911 +W×0.3040 

W = 703.046 Kmole/hr 

 

 

Since the amount of toluene is very less, for design the tower club toluene with naphthalene and design 

the tower as binary distillation column for naphthalene  

           

From graph: minimum (Xd / (Rm +1))(4) = 0.53 From graph: minimum reflux = 

0.87 Operating reflux ratio (1.5 Rm)  = 1.305 

L = D×R 

= 532.31 x1.035 

= 694.667 Kmole/hr 

G =L + D 

= 694.66 + 532.31 

= 1226.97 Kmole/hr 

L = L + q×F 

= 1767.428 Kmole/hr 

G = G + (q-1)×F 

= 1226.97 Kmole/hr 
 

 

Molecular Wt. Of feed =139.124 Kg/Kmole 
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Table (4-2) stripping section data 

 

   

  

  [
L 

G 
 ] √[

 G

 L 
 ]  = 003455 (at top) 

[
L 

G 
 ] √[

 G

 L 
 ]  = 003518 (at bottom) 

Maximum at bottom of enriching section.  Hence all calculations are based on properties at bottom of 

enriching section. 

 

TOP  BOTTOM 

1767.42 Liq. (Kmole \hr ) 1767.42 

1226.98 Vap. (Kmole \hr ) 1226.98 

139.124 (M) avg liq 147.47 

133.6 (M) avg. vap. 147.4 

0.60 X 0.3010 

0.80 Y 0.52 

231.67 T liq in deg. 245.56 

231.11 T vap in deg. 246.11 

245891.65 Liq flow rate (Kg \hr) 260642.63 

169342.53 Vap. Flow rate (Kg\hr) 180942.74 

833.70  liq. (kg \m3 ) 819.69 

3.22  vap.( kg \m3 ) 3.45 
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TRAY TOWER DESIGN 

Assume: 

Plate spacing, ts = 610 mm Hole diameter, dh =5 mm Hole 

pitch, lp =15 mm Tray thickness, tT =3 mm 

Hole area/Perforated area = Ah/Ap=0.10 

     Assume equilateral triangular pitch 

 

Column diameter, Dc: 

Based on entrainment flooding(5). 

ll relations from Perry’s handbook, 6th edition. 

 

Fig.18-10, Csb= Unf ×[20/]0.2[g/(l – g)]
0.5 ft/s. 

  Csb = 0.0883 m/s 

  = 17.29 dyn/cm 

 Unf =1.3990 m/s 

Assume Un = 0.8×Unf 

                   = 1.119 m/s 

 

Net area for flow(6), An = Ac – Ad 
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Vapor flow rate = 
170702

3600×3.22
 

 

                             = 14.56 m3/s 

An =   
14.56

1.119
=13.159 m2. 

Lw weir length  

Assume 
𝐿𝑤

𝐷𝑐
 = 0.75 

Sin (c/2) = (Lw/2) / (Dc/2)  

c = 97.20 

Ac = (π×Dc
2)/4 = 0.785 Dc

2 

Ad = 0.0878 Dc
2 

An = 0.785 Dc
2 - 0.0878 Dc

2 

Dc = 4.34 m 

Ac = 14.78 m2 

Ad =1.626 m2 

Active area, Aa = Ac - 2×Ad =11.52 m2 

Lw = 4.43×0.75 = 3.255 m 

Lets take 3.3 m 

 

Perforated area, Ap 

 corrected c = 99.0 0C 
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 = 180 - c = 81 0C 

 

Area of calming + distribution zone, Acz  

Acz =2(Lw×t), t=thickness 

Acz =2(3.3×120×10-3) = 0.792 m2 (that is 5.3% of Ac) 
 
Acz = 2 [(π×Dc

2×)/(4×360) – (π×( Dc
2 – 0.052)×)/(4×360)] 

 

 

 

 

Awz = 0.348 m2     (2.3% of Ac) 

Ap = Ac –2×Ad – Acz – Awz 

= 14.56 - 3.552 - 0.198 - 0.348 = 10.682 m2  

Ah = 0.1×Ap = 1.0682 m2 

No. of holes, nh =1.0682 / (π/4(5×10-3)2) = 54500 holes 

Weir height, hw =50 mm (atmospheric pressure) 
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Weeping check: 

TOP of enriching section 

Vapor flow rate = 13.77 m3 /s (at top)  

Vapor flow rate = 14.72 m3 /s (at bottom)  

Ah =1.0682 m2 

Uh = (13.77/1.0682) = 12.89 m/s 

 

hd = K1 + K2 (g × Uh
2 / l) 

 

Assume sieve plates  

K1 = 0,  K2 = 50.8/Cv
2 

 

Ah / Aa =1.0682 /11.52 =0.09 

tT/dh = 0.6 

Cv = 0.75 

K2 = 90.33 

 hd =90.33 × (3.17×12.89×12.89)/849.14 

 hd =56.0 mm 

 how = Fw × 664 × [q / Lw]2/3 

 

q1 (liquid load) = (88929.16 / (3600×849.14)) = 0.029 m3/s 

 

Lw = 3.255 m 
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q/Lw
2.5 = 4.92, Lw/Dcw = 0.75 

Fw =1.03 

how =25.326 mm 

Head loss due to bubble formation, 

h = 409[/(l×dn)] 

h = 409[17.29/(833×5)] 

 h =1.69 mm liq. 

Now, hd + h = 56+1.69 = 57.69mm liq.  

hw + how =50 + 25.32 =75.32 mm 

(Ah/Aa) = 0.09 

Minimum value to avoid weeping, hd + h = 18mm (from fig.18-11)  

Since actual > minimum there is no weeping 

 
Downcomer flooding: 

hdc =ht + hw+ how+ hda+ hhg  

   Hydraulic gradient: 

hd > 2.5 hhg mm  

Let hhg = 0.5 mm 

   hds = hw + how +hhg/2 

   how = 0.9 * 664 * (0.0325/3.255)2\3 
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 = 27.28 mm 

   hds = 50 +27.28 +0.5/2 = 77.53 mm 

     ht = hd + h1
l  

     h1
l = ×hds 

  Ua = 1.27 m/s = 4.19 ft/s 

a = 3.22 kg/m3 = 0.2008 lb/ft3 

 Fa = Ua × a
0.5 

        =1.8877 

 =0.6 

t = 0.2 

hl
l = 0.60 ×77.53 = 46.518 m 

hf = h1
1 / t = 232.59 mm 

Df = (Lw + Dc)/2 = (4.34 +3.255)/2 =3.7625 m 

rh = (hf×Df)/(2×hf +1000×Df) = 0.2069 m 

uf = (1000×q)/(hl×Df) 

   = (1000×0.0322)/(46.518×3.7625) = 0.184 m/s 

Reynolds modules 

Nreh = (rh× uf ×l)/l = (0.2069× 0.184 ×833)/0.0003 =105706.58 

From pg.18-10: f=0.03 

hhg =1000×f×uf
2×Lf/(g×rh) 
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Lf =Dc× Cos(c/2) = 1.396m 

hhg = 0.75mm 

(b) Loss under downcomer, hda 

hda = 165.2 (q/Ada)
2 

Assume clearance C = 1” =25.4 mm. 

hap = 77.53 – C = 52. 13 mm 

Ada = Lw×hap = 3.225 ×0.05213 = 0.1681 m2  

hda = 165.2 (0.0322/0.1681)2 

     = 31.64 mm 

hdc = hl + hw + how + hda + hhg 

=121.82+ 50 + 27.28 + 31.64 + 0.75 

= 231.49 mm 

hdc' = (hdc/dc)=(231.49/0.5)=462.98 mm liq. 

ts= 610 mm 

As hdc’ < ts there is no flooding 
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Summary of tray calculations  

Dc = 4.34m 

Lw = 3.255m 

hw = 50 mm  

ts = 500 mm 

dh = 5 mm 

lp = 15 mm  

tT = 3 mm  

nh = 54500 
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 Table (4-3) column efficiency data 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Enriching Section Stripping Section 

Liquid flow rate: kmol/hr. 

Liq. flow rate: kg/hr. 

694.67 1767.428 
92787.2145 253267.12 

Vap. flow rate: kmol/hr 

Vap. flow rate: kg/hr. 

1226.98 1226.98 
163963.789 175133.63 

  
L (Kg/m3) 

841.5 826.0 

 
v (Kg/m3) 

3.195 3.34 

Tliq  (⁰ C)  
 

224.72 138.61 

 
Tvap  (⁰ C) 
 

225.12 238.66 

liq , cP 0.300 0.1 

vap , cP 8.48x 10-3 0.0095 

DL , cm2/s 8.8752 x 10-5 9.204 x 10-5 
DG , cm2/s 0.04326 0.0449 
 17.29 17.5 
X 0.7955 0.4505 
Y 0.8955 0.66 
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Column Efficiency: 

 

Enriching section 

(a)Point Efficiency, EOG  

Ng = (0.776  0.2285×h – 0.238 ×Ua×g
0.5 + 105×W) / Nscg

0.5 

W = liq. flow rate = (.0.03006 /3.7625) 

= 8.13×10-3 m3 / m.s 

Ua = 1.273m/s 

hw = 50 mm 

NScg = (g/g Dg) = 0.824  

Ng = 1.13 

NL = KLa×L 

KLa= (3.875 x 108×DL)0.5 ×(0.4×Ua×g
0.5 +0.17) 

= 1.681×1.053 

= 1.771m/s 

L = (hL×Aa) / (1000×q) 

hL = e×(hw + 15330×C×(q / e )
2/3) 

C =0.327 + 0.0286×exp(-0.1378×hw)  

C = 0.327 
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Ks = Ua×(g / l -g)  

Ks = 0.07 

e =0.3303 

hL =332.92 mm 

  NL = 22.14 

 = M×(Gm/Lm)     Mtop=0.5125 

Gm/Lm = 157225.1/88929.21=0.9886 

t = 0.902 

MBOTTOM = 0.67 

b = 1.183 

 = 1.04 

Nog =1/(1 / Ng+  / NL) =1 /(0.993 + 0.046) 

 Nog = 0.974 

EOG = 1 – e-NOG = 0.6181 

 

(b) Murphree Plate Efficiency, Emv 

 

Npe = ZL
2/(DE× L) 

ZL = Dc×cos (L/2) = 2.792 m. 

DE = 6.675×10-3×(Ua)
1.44 + 0.922×10-4 ×hL – 0.00562 

      = 6.48 x 10-3 m2/s 
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NPe = 34.41 

EOG = 0.636 

From fig.18-29a  Emv/EOG =1.03 

 

Emv =0.66 

 

(c) Overall column efficiency, Eoc 

 

   Eoc = NT/NA = log[1+Ea×( - 1)]/log() 

   Ea/EMV = (1/1+Emv[Ψ/(1-Ψ)]) 

 

[
L 

G 
 ] √[

 G

 L 
 ] = 0.0348 

Considering 80% flooding,  

From fig,  = 0.08 

 Ea = 0.614  

Eoc = 0.587 

Eoc = Nt/NA 

NA = 8.605  9 trays  

NA = 9 trays 
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Tower height, = ts×NA 

= 610 ×10-3×9 = 5.5m 

 

 H = 5.5m 

  

 

 

 

 

STRIPPING SECTION 

 

  [
L 

G 
 ] √[

 G

 L 
 ]  = 00902 (at top) 

[
L 

G 
 ] √[

 G

 L 
 ]  = 00933 (at bottom) 

Maximum at bottom of stripping section.  Hence all calculations are based on properties at bottom of stripping section. 
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Assume: 

Plate spacing, ts = 610 mm Hole diameter, dh =5 mm Hole pitch, lp =15 

mm Tray thickness, tT =3 mm 

Hole area/Perforated area = Ah/Ap=0.10 

 

     Assume equilateral triangular pitch 

 

 

Column diameter, Dc: 

Based on entrainment flooding. 

ll relations from Perry’s handbook, 6th edition. 

Fig.18-10, Csb= Unf ×[20/]0.2[g/(l – g)]
0.5 ft/s. 

  Csb = 0.043 m/s 

  = 17.5 dyn/cm 

 

 

 Unf =1.232 m/s 

Assume Un = 0.8×Unf 

                   = 0.9858 m/s 
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Net area for flow, An = Ac – Ad 

Vapor flow rate =180942.74/(3600×3.45) 

                             = 14.56 m3/s 

An = 14.56/0.98858 =14.77 m2. 

Lw weir length  

Assume 
𝐿𝑤

𝐷𝑐
 = 0.75 

Sin (c/2) = (Lw/2) / (Dc/2)  

c = 97.20 

Ac = (π×Dc
2)/4 = 0.785 Dc

2 

Ad = 0.0878 Dc
2 

An = 0.785 Dc
2 - 0.0878 Dc

2 

Dc = 4.66 m 

Ac = 16.61 m2 

Ad =1.85 m2 

Active area, Aa = Ac - 2×Ad =12.89 m2 

Lw = 4.6×0.75 = 3.45 m 

 

Perforated area, Ap 

 corrected c = 97.2 0C 

 = 180 - c = 82.8 0C 
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Area of calming + distribution zone, Acz  

Acz =2(Lw×t), t=thickness 

Acz =2(3.45×120×10-3) = 0.828 m2 (that is 5.05% of Ac) 
 

Awz = 0.3928 m2     (2.3% of Ac) 

 

 

Ap = Ac –2×Ad – Acz – Awz 

= 16.61 - 2×1.85 - 0.828 – 0.3928 = 11.67 m2  

Ah = 0.1×Ap = 1.167 m2 

No. of holes, nh =1.167 / (π/4(5×10-3)2) = 59468 holes 

Weir height, hw =50 mm (atmospheric pressure) 
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Weeping check: 

TOP of stripping section 

Ah =1.0682 m2 

Uh = 12.5 m/s 

 

hd = K1 + K2 (g × Uh
2 / l) 

 

Assume sieve plates  

 

K1 = 0,  K2 = 50.8/Cv
2 

 

Ah / Aa =1.0682 /11.52 =0.09 

tT/dh = 0.6 

Cv = 0.75 

K2 = 90.33 

 hd =90.33 × (3.22×12.5×12.5)/833.7 

 hd =54.5 mm 

 how = Fw × 664 × [q / Lw]2/3 

 

q1 (liquid load) = (245891.65 / (3600×833.7)) = 0.0819 m3/s 

Lw = 3.255 m  

Fw =1.03 

how =56.36 mm 
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Head loss due to bubble formation, 

h = 409[/(l×dn)] 

h = 409[17.5/(833.7×5)] 

 h =1.717 mm liq. 

Now, hd + h = 54.5 + 1.717 = 56.25mm liq.  

hw + how =50 + 56.25 = 106.25 mm 

(Ah/Aa) = 0.09 

Minimum value to avoid weeping, hd + h = 16 mm (from fig.18-11)  

Since actual > minimum there is no weeping 

 
 
Downcomer flooding: 

hdc =ht + hw+ how+ hda+ hhg  

   Hydraulic gradient: 

hd > 2.5 hhg mm  

Let hhg = 0.5 mm 

   hds = hw + how +hhg/2 
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   how = 1.03×664×(0.088/3.45)2\3 

 = 58.68 mm 

hds = 50 +58.68 +0.5/2 = 108.93 mm 

 

     ht = hd + h1
l  

     h1
l = ×hds 

  Ua = 1.13 m/s = 3.7 ft/s 

a = 3.45 kg/m3 = 0.215 lb/ft3 

 Fa = Ua × a
0.5 

        =1.7177 

 =0.61 

t = 0.22 

hl
l = 0.61×108.93 = 66.26 m 

hf = h1
1 / t = 301.18 mm 

Df = (Lw + Dc)/2 = (4.6 +3.45)/2 =4.025 m 

rh = (hf×Df)/(2×hf +1000×Df) = 0.2619m 

uf = (1000×q)/(hl×Df) 

   = (1000×0.088)/(66.26×4.025) = 0.3311 m/s 

Reynolds modules 
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Nreh = (rh× uf ×l)/l = (0.261969× 0.3311 × 819.69)/0.0001 =710986.05 

From pg.18-10: f=0.03 

hhg =1000×f×uf
2×Lf/(g×rh) 

Lf =Dc× Cos(c/2) = 3.082m 

hhg = 4.02 mm 

(b) Loss under downcomer, hda 

hda = 165.2 (q/Ada)
2 

Assume clearance C = 1” =25.4 mm. 

hap = 108.93 – C = 83.53 mm 

Ada = Lw×hap = 3.45 ×0.08323 = 0.2945 m2  

hda = 165.2 (0.088/0.2945)2 

     = 14.81 mm 

hdc = hl + hw + how + hda + hhg 

=109.80 + 50 + 58.68 + 14.81 + 4.02 

= 237.29 mm 

hdc' = (hdc/dc)=(237.29/0.5) = 474.58 mm liq. 

ts= 610 mm 

As hdc’ < ts there is no flooding 
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Summary of tray calculations  

Dc = 4.6m 

Lw = 4.02m 

hw = 50 mm  

ts = 610 mm 

dh = 5 mm 

lp = 15 mm  

tT = 3 mm  

nh = 59468 holes 

 

 

 

Column Efficiency: 

 

Stripping section 

(a)Point Efficiency, EOG  

Ng = (0.776  0.2285×h – 0.238 ×Ua×g
0.5 + 105×W) / Nscg

0.5 
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W = liq. flow rate = 0.021 m3 / m.s 

Ua = 1.163m/s 

hw = 50 mm 

NScg = (g/g Dg) = 0.834  

Ng = 1.154 

NL = KLa×L 

KLa= (3.875 x 108×DL)0.5 ×(0.4×Ua×g
0.5 +0.17) 

= 1.8 m/s 

L = (hL×Aa) / (1000×q) 

hL = e×(hw + 15330×C×(q / e )
2/3) 

C =0.327 + 0.0286×exp(-0.1378×hw)  

C = 0.327 

Ks = Ua×(g / l -g)  

Ks = 0.0742 

e =0.3081 

hL =80.86 mm 

  NL = 21.36 

 = M×(Gm/Lm)     MTop= 0.8 

Gm/Lm = 157225.21/88929.21=0.9886 

t = 0.8164 



56 
 

MBOTTOM = 1.6 

b = 0.9582 

 = 0.88 

NOG =1/(1 / Ng+  / NL) =1 /(0.86695+ 0.044) 

 NOG = 1.1 

EOG = 1 – e-NOG = 0.66 

 

(b) Murphree Plate Efficiency, Emv 

 

Npe = ZL
2/(DE× L) 

ZL = Dc×cos (L/2) = 3.04 m. 

DE = 6.675×10-3×(Ua)
1.44 + 0.922×10-4 ×hL – 0.00562 

      = 6.48 x 10-3 m2/s 

NPe = 75.41 

EOG = 0.64 

From fig.18-29a  Emv/EOG =1.04 

 

Emv =0.672 

 

(c) Overall column efficiency, Eoc 

 

   Eoc = NT/NA = log[1+Ea×( - 1)]/log() 
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   Ea/EMV = (1/1+Emv[Ψ/(1-Ψ)]) 

 

[
L 

G 
 ] √[

 G

 L 
 ] = 0.038 

Considering 93% flooding,  

From fig,  = 0.093 



 Ea = 0.632  

Eoc = 0.625 

Eoc = Nt/NA 

Nt = 4.8  5 trays  

NA = 5 trays 

 
 
Tower height, = ts×NA 

= 610 ×10-3×5 = 3.05 m 

 

 H = 3.05 m 
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Mechanical design of Distillation column 

 

Diameter =4.6m 

Operating pressure =1 atm =1.032 Kg\ cm2 

Design pressure = 1.1 x1.032 = 1.132 Kg\ cm2 

Operating temperatur =245.50C 

Design temperatur = 2500C 

Shell material - carban steel 

Shell – double weled but joint 

Skirt height =2m 

Tray spacing = 610mm 

Top disengaingn space =0.3m 

Bottom separator space = 0.4m 

Allowable stress = 1187 Kg\ cm2 

Insulation material – asbestos 

Density of insulation =575 kg\ m3 

Head torspherical 

Material –carbon steel 

Skirt support 

Height = 2m 

Material =carbon steel 
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Nozzles 

No. Of nozzles =5 

Tray sieve type 

No. Of tray =8 

Hole diameter =5mm 

Thickness =3mm 

Weir height =50 mm 

Material for tray – stainless steel 

 

 

 

Calculations of shell thickness : 

Considering the vessel as an internal pressure vessel. 

ts = ( PDI\2fj-P)+ C 

ts = Thickness of shell (mm) 

P = Design pressure (kg/cm2) =1.1362 kg/cm2 

Di = Diameter of the shell (mm) = 4600mm 

f = Allowable /permissible tensile stress (kg/cm2 ) = 1187 

C = Corrosion allowance (mm) =2mm 

J = Joint Efficiency. 

Considering double welded bolt joints with backing strip 

J = 85% = 0.85 
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ts =     1.1362 x 4600       + 2       =    4.95  mm 

          2(950 x 0.85)-1.1362 

 

Taking the thickness of the shell as ts = 6mm 

Head shallow dished & torispherical head. 

th = PRcW  

2fJ 

 

Rc = Crown radius = outer diameter of the shell = 4600+ 2(6 )  

= 4612mm 

RL = knuckle radius = 0.06 Rc 

W= Stress intensification factor 

 

W =0.25 ( 3+ (Rc\Rk)0.5 

th =      1.1362x4612x1.77 

             2x1187x0.85 

4.59mm 

Thickness of head is th=6mm =0.236 inches 

Weight of head: 

Diameter = OD + OD + 2Sf + 2 icr 

      3   3 
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OD = outside diameter of shell = 4612mm 

 = 181.5(inches)  

icr  = inside cover radius = 0.75 inches 

Sf   = straight flange length=1.5 inches 

Diameter =181.5+181.5+ 2(1.5)+ 2 (0.75) 

3                     3 

 

Diameter (d) = 192.56 inches 

Weight of head =  ( 4.89)2 (6 x 10-3)x7700 

                                4 

= 867.22 kg 

weight of head  2675kg 

 

Calculation of stresses: 

 

(i) Axial tensile stress due to pressure 

 

fap =  Pdi   =  1.1362x4600    

           4(ts-c)    4 (6-2) 



62 
 

= 653.315 Kg/cm2 

This is same throughout the column height 

(ii) Circumferential stress : 

2 fap = 2x 653.315 = 326.66 Kg/cm2 

(iii) compressive stress due to dead loads: 

Compressive stress due to weight of shell up to a distance x metre. 

fds = weight of shell 

Cross-section area of shell 

Fds = (π/4) ( D2o – Di2)fs x 

            (π/4) ( Do2 – Di2 ) 

Di&Do - Internal & external diameters of shell 

Ss - density of shell. 

Also, 

fds = weight of shell per unit height x X 

           πDm (ts-c) 

Dm = Mean diameter of the shell (cm) 

ts = thickness of the shell (cm) 

C = Corrosion allowance (cm) 

fds = Ss (x) 
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SS = 7700kg/cm2 

= 0.0077kg/cm2 

fds = 0.77x kg/cm2 

 

(a)Compressive stress due to weigh of insulation at height (x) m 

fd(ins) = π Dins tins Sins (x) 

     π Dm (ts –c) 

Dins = Diameter of insulation 

tins = Thickness of insulation 

Sins = Density of insulation 

Dm = Mean diameter of shell 

 

[ Dc + ( Dc+2 ts )] 

2 

Assume : asbestos in the insulation material. 

Sins = 575 kg/m3 = 0.000575 kg/cm3 

tins = 75mm = 7.5cm 

Dins = Dc+2 ts +2tins 

Dins = 4600 + 2(6) + 2(75) = 4762mm = 476.2cm 

Dm = 4600+ (4612) =4606mm = 460.6cm 
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2fd(ins) = π (476.2) 7.5 x 0.000575 

                     π (460.2) (0.6 – 0.2) 

= 2.23 x kg/cm2 

(b) Compressive stress due to liquid & tray in the column up to height (x) m. Liquid & tray weight fox height (x) 

 

Fliq  =     (x-1) + 1      πDi2   x S liquid 

             0.4572         4 

 

 

Fliq =    (x – top disengaging space) +1   𝜋Di2 x Sliquid  

                 Tray spacing                     4 

 

 

 

= x –0.3  +1   (4.6)2    x 850 

0.61 4 

= (x +0.31)3145.9 kg. 

 

fd(liq)   =  Fliq  

 Dm(ts –c) 

           =  (x +0.31) 3145.9         

 (460.6) (0.6-0.2) 
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           = (40.40x – 12.4) kg/cm2 

 
(d) Tensile stress due to wind loads in self supporting vessel 

fwx = Mw 

            z 

Mw = bending moment due to wind load 

 

= wind load x distance 

                 2 

= 0.7 Pw Dm X2 

             2 

z=modulus for the area of shell = π D2
m (ts - c) 

                                                             4 

fwx = 0.7 Pw Dm x2 = 1.4 Pw x2 

 

 π Dm(ts -c) 

2 π (ts -c) Dm
2 

   4 

Pw = wind pressure 

Pw = 25 lb/ft2 

= 121.9 kg/m2 

Mw = (0.7 x 121.9 x 4.606) x2 = 392.518 x2 

                         2 

Z = π ( 4.606)2 (0.006 – 0.002) = 0.0664 

       4 
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392.518 

fwx = (392.518)\ 0.0664 = 5902.4 x2 kg/m2 . = 0.5902 x2 kg/m2 

Stresses due to seismic load are neglected. 

 

 

Calculations of resultant longitudinal stress ( upwind side ) 

Tensile: 

ft,max = fwx + fap – fds 

fwx = stress due to wind load. 

fap = Axial tensile stress due to pressure fds = Stress due to dead loads. 

ft,max = 0.5902 x2 + 653.315 – 0.77x 

ft,max =fJ 

f = allowable stress = 1187kg/cm2 J= Joint factor = 0.85 

ft,max = 1187 (0.85 ) =                        1008.95 kg/cm2 

0.5902 x2 - 0.77x +653.315 = 1008.95 

0.5902 x2 – 0.77x – 355.63 =0 

a =0.5902, b = -0.77, c = - 355.63 

 

𝑥 =
−𝑏 ± √𝑏2 − 4𝑎𝑐

2𝑎
 

𝑥 =
−0.77 ± √0.772 − 4𝑥0.5902(−355.63)

2𝑥0.5902
 

 
x = 25.07m 
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Calculation of resultant longitudinal stress (downwind side) compressive : 
 
ft,max = fwx - fap + fds 
 
fc,max = 0.125 E t 
                     Do 
E= Elastic modulus = 2x105 MN/m2 =2x106 kg/cm2 
t = Shell thickness = 6mm. 
Do = 4612 mm 
fc,max = 0.125 x 2x106         6       = 325.23kg/cm2 
                                         4612 
 

Consider, 325.23= 1.0604 x2 – 163.33 + 0.77 x 

1.0604 x2 + 0.77x – 812.12 = 0 

a= 0.5902, b = 0.77, c= - 978.41 

 

𝑥 =
−0.77 ± √0.772 − 4𝑥0.5902 𝑥(−978.42)

2𝑥0.5902
 

 

x= 40.06m 

∴ The calculated height is greater than the actual tower height. So we conclude that the design is safe and thus design 

calculations are acceptable. 

∴ A thickness of 6mm is sufficient throughout the length of the shell. 
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Design of skirt support : 

Total height of column including skirt height (H) = 8.2+2+0.3+0.4 

= 10.9m 

Minimum weight of vessel (Wmin) ={ π(Di+ts)ts (H-skirt height )s 

+2 (2670) } 

Di = diameter of shell = 4.6m 

ts = 0.006m 

Ss = Density of material 

Wmin = π (4.6+ 0.006) 0.006 (10.9-2) 7700+2(2670) 

= 11286.83kg. 

Maximum weight of column (Wmax ) = Ww + Wi + We + Wa 

Ws = weight of shell during test = 5452.13 kgs. 

Wi = weight of insulation =    π   (d2
ins - d

2
o) H Sins 

                                                4 

= π{ 4.891 2 – 4.6122} 10.9 (575) 

   4 

= 13037.96 kgs 

We = weight of water during test = π Di2 (H-2) Swater 

                                                         4 

 

=  π  (4.6) (10.9-2) 1000 

    4 
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= 156139.64kgs 

Wa = weight of attachments = 7100 kgs 

Wmax = 11286.83+13037.96+5452.13+7100 = 63195.55kgs 

Period of vibration at minimum dead weight 

Tmin = 6.35 x 10-5     H     3/2      Wmin 
  ½ 

                                  D             ts 

= 0.312 s 

∴ K2 = a coefficient to determine wind load =2  

period of vibration at maximum dead weight 

 

Tmax = 6.35 x 10-5     H     3/2     Wmaxn 
  ½ 

                                  D             ts 

= 0.952s 

k2 =2 

Total load due to wind acting on the bottom & upper part of vessel 

PW = k1 k2 Pw HD 

K1 = coefficient depending upon safe factor 

= 0.70 (for cylindrical surface ) 

PW = wind load 

PW = wind pressure = 1000 N/M2 = 100 kg/m2 

For minimum weight condition D = Di = 4.6 m 

For maximum weight condition D =Dms = 4.89 m 

∴( PW )min = 0.7x2x100x4.6x10.9 
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= 7019.6kg 

(PW)max = 0.7x2x100x4.89x10.9 

= 7462.14kg 

Minimum & maximum wind moments 

(MW )min = (PW) min x H =38256.82 kg 

                                  2 

 

(MW) max = (PW )min x H = 40668.66 kg.m 

                                   2 

As the thickness of the skirt is expected to be small, assume 

Di ∼ Do = 1.7m 

σzwm(min) = 4 MW(min) 

                        πD2t 

= 4x 38256.82 

      π(4.6)2t 

= 2303.15/t Kg/m2 

 

fzwm(max) = 4×40668.663 

                         π(4.6)2t 

 

= 2448.35 Kg/m2 

        t 
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Minimum and maximum dead load atresses: 

fzw (min) = Wmin = 11286 .83 = 781.41 Kg/m2 

                      πDt       π(4.6)t            t 

fzw (max) = Wmax = 36826.92 = 2553.09 Kg/m2 

                        πDt       π(4.6)t           t 

 

 

Maximum tensile stress without any eccentric load is computed as follows. 

(tensile) fz = σzwm(min) - fzw (min) 

fz = fJ 

118.7×105×0.85 = 2303.15 – 781.41 Kg/m2 

                                        t 

Therefore t = 1.5 x10-4 m 

= 0.15 mm 

Maximum compressive load: 

Compressive: fz = fzwm(max) + fzw (max) 

fz = 0.125 E(t/Do) 

= 0.125×2×105×106×( t/4.612) 

2448.35+2553.09 = 5.42 ×109t 

           t 

 

Therefore t = 7.14×10-4 m 
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As per IS 2825-1969,minimum corroded skirt thickness is 7 mm. Providing 1 mm 

corrosion allowance, a standard 8 mm thick plate can be used for skirt. 

 

 

Design of skirt bearing plate: 

Maximum compressive stress between plate and foundation: 

fc = Wmax + Ww(max) 

          A                Z 

A = π(4.6 - l) l 

l - 0uter radius of bearing plate - outer radius of skirt support 

Z = πRm2
l 

Rm = Do – l 

             2 

A = π(4.6 - l )l 

Rm = (4.6 - l ) 

              2 

 

Z = π (4.6 - l )2 l 

            4 

 

fc = 36876.92    +   40668.663  

     π(4.6- l )l π       (1.82 - l )2 l 

                                   4 
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Allowable compressive strength of concrete foundation values from 5.5 - 9.5 MN/m2 

Assume :5.5 -9.5 MN/m2 

 

5.5 × 105 = 36876.92     +      40668.663  

                   π(4.6- l )l            π (1.82 - l )2 l 

                                                    4 

 

l = 0.0191  +  0.0302 

    (4.6- l )    (4.6 - l )2 

  

By hit and trial method. l = 0.02 m 

Therefore 20 mm is the width of the bearing plate 

Thickness of bearing plate ,tbp = l(3fc/t)1/2 

fc- maximum compressive load at l = 0.02 m = 0.23 × 106 Kg/m2 

tbp = 20[(3×0.23 × 106 )/(118.7 × 105)]1/2 

= 4.23 mm 

∼ 6 mm 

 

 

 

Minimum stress between the bearing the plate and the concrete foundation: 

fmin = Wmin - Mw(min) 
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               A         Z 

= 156139.64                 _   _         40668.63   

   [π(1.82-0.02)0.02]      [π(1.82-0.02)20.02] 

 

= 7548.63 Kg/m2 

J = WminD 

      (Mw)max 

= (7513.23×4.6) 

13054.05 

= 0.8498 

Therefore this is less then 1.5,the vessel will not be steady by its own weight 

Therefore anchor bolts has to be used. 

Pbolt(n) = fmin A 

= 7548.63×3.14×(4.6 - 0.02)0.02 

= 853.73 Kg 
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MINOR EQUIPMENT DESIGN 

Condenser 

 

Process Design 

Design of a overhead condenser for the vapor mixture of the given in mole fraction ,the temp. of the mixture is 

218.33deg. and water comes at 25deg. And out at 40. 

Hot fluid enters at 218.33deg. and leaves at 218.33deg. 

Cold fluid enters at 25deg. and leaves at 40deg.. 

 

PROCESS DESIGN : 

 

 

 

 

 

 

 

 

 

Condensation occurs at isothermal condition, correction factor Ft =1. 

Assume feed is saturated at 218.33deg. 

Properties are evaluated at 218.33deg. 

μ g = Viscosity = 9.47x10-3 cp. 
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ρ g = Density = 3.177 kg/m3. 

cpg = Heat capacity =1.73 KJ/kg deg. 

λ =Latent Heat =320.24KJ/Kg 

Vapor flow rate = 43.67 Kg\sec. 

Here flow rate is high so we use four condensers in parallel. 

So flow rate = 43.67\4 =10.91kg\sec 

Heat load =mλ 

=10.91x320.24 

=3483.14x103 Kg\sec 

 

Using this. 

Mass of process water required = 55.45 kg/s. 

The rang of U for organic solvent and water is (289.3 to 567.8 w\m2k ) 

Assuming counter current operation ΔTln = 188.28 deg. 

Assuming U heat transfer coefficient = 300 W/m2K 

A = Q /U (ΔTln) =( 3483.14x103 )\300x188.28 =61.66m2. 

Assuming length of pipe to be 10 ft. and we take 1 inch O.D.,16 BWG tube, 

I.D. of tube =0.022m 

External area =0.0797 m2\m 

Nt =61.66\0.0797x3.048 = 253 

From Perry for 1-1 STHE TEMA P for 1in. OD on 1.25 inch Triangular pitch 

Nt = 278 for Shell diameter = 0.635 m. 

So corrected area =67.523 m2. 
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Corrected U =273.94 W/m2K 

Area of tube =0.785Di x Di 

=3.4994x10-4 m2 

area per pass = 0.0528 m2\sec 

velocity =(55.45)\1000x0.0528 

=1.050 m\sec 

Tube side heat transfer coefficient: 

Property at 32.5deg. 

ρ = 1000 kg/m3 

k = 0.578 W/mK 

μ = 1 cp. 

cp= 4.187 KJ/kg deg 

Gt = 549.82 kg/m2K 

Prandtl number ( NPr ) = (cp μ)\k = 7.2 

Reynolds’s number ( NRe) =(Divρ)\μ =23100 

 

For turbulent conditions Dittus Boelter equation. 

h d i e = 0.023 ( NRe )
0.8 ( NPr )

0.33 

  k 

hi = 3386.56W/m2K 
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FILM COEFFICIENT 

Shell side – Distillate 

Temp. of wall=124.165deg. 

Film temp. =171.24deg. 

Property at this temp. 

ρ = 855.12 kg/m3 

k = 0.112 W/mK 

μ = 0.28cp. 

cp= 1.71 KJ/kg deg 

Baffle spacing B = 0.406 m. 

Gs = 10.91kg\s 

 

 

Reynold’s number ( NRe )= 4 x Mass flow rate of condensate  

                                                μ  N2/3 Length of tube  

=1178.153 

hs=1.151   Npr  
1/3        NRe     

-1/3 

 

hs =678.313 W/m2K 

the dirt factor is 5.283x10-4 W/m2K 

over all heat transfer cofficient 

1\U =(Do\Di)x1\hi +1\ hs +5.283x10-4 

U = 426.92 W/m2K 
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Calculated U = 426.92W/m2K assuming U= 300 W/m2K 

∴ Design is okay. 

 

 

 

PRESSURE DROP CALCULATION 

TUBE SIDE 

NRe = 3386.54 

F = 0.079 ( NRe )-
1/4 = .0.01305 

H=(4 x f x v2 x L )\(2gD) 

=0.332m 

P= ρgH 

=3.161kN\ m2 

ΔP =(2.5ρ v2)\2 

=1.378 kN\ m2 

ΔPTotal = 2(1.378+3.161) 

=9.078 kN\ m2 

which is very less than permissible, therefore design is okay 

SHELL SIDE 

TVapour =218.33deg. 

δm = (p1- D)ls Ds \ p1 

here , 

p1 = pitch =1” 
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Ds = shell diameter = 635 mm 

δm =(( 31.75 –25.4) x635x635) \(2x31.75) 

δm =.040 m2 

PRESSURE DROP CALCULATION 

End zones Δpe ,two end zones. 

Cross flow zones Δpc ,( Nb –1) cross 

Window zones Δpw , Nb zones 

Δpc =b fk w2 Nc (μw\ μb) 

b =2x10-3 

w = 10.91 Kg\s 

δm =0.040 m2 

Nc = Ds (1 –2(lc\ Ds) )\ Pp 

Pp == (1.732\2) p1 mm 

=27.4 mm 

Pn =0.5 p1 = 15.875 mm 

lc = 25% of shelldia. 

Nc =12 

Δpc =3.41 KN\ m2 

Δpw =( b x ( W)2 (2 +0.6 x Ncw ) )\ (Sw x δm xρ ) 

Ncw = 0.8 lc \ Pp 

=(0.8 x0.25 x635) \ 27.4 

= 4.63 

Sw = Swg - Swt 
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Swg =0.1806 m2 ) ( from perry hand book) 

Swt=( (Nt) (1 -Fc)ΠD0
2)\8 

Swt = 0.026 

Δpw =14.265 KN\ m2 

Δpe = Δpc( 1+ Ncw\ Nc) 

= 3.41(1+4.63\12) 

= 4.725 KN\ m2 

Total pressure drop: 

0 +14.265 +2 x 4.725 

23.716 KN\m2 

But actual pressure is 40% of this = 9.486 KN\m2 

 

 

 

 

 

 

 

 

 

 

 

 



82 
 

 

MECHANICAL DESIGN OF CONDENSER 

 

SHELL SIDE: 

Material: Carbon steel 

No. Of shells: 1 

No. Of passes: 2 

Fluid: naphthalene vapour 

Internal diameter : 635m 

Working pressure: 0.1 N/mm2 

Design pressure: 0.0.106 N/mm2 

Inlet temperature: 218 .330C 

Outlet temperature: 218 .330C 

Allowable stress: 950 Kg/Cm2 

TUBE SIED: 

Material: Stainless steel (IS grade 10) 

No. Of tubes: 278 

Outside diameter: 25.4mm 

Length: 3.048m 

Fluid: water 

Pitch: 31.75mm (triangular) 

Allowable stress: 10.06 Kg/m 

Working pressure: 1atm 
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Design pressure: 1.06Kg/cm2 

Inlet temperature: 25ºC 

Outlet temperature: 40ºC 

 

SHELL SIDE 

SHELL THICKNESS: 

ts = (Pd × DS)/(2fJ-Pd) 

= (0106×635)/((2×95×0.85)-0.106) 

= 0.41 mm 

But minimum thickness of shell is 6 mm 

Therefore with corrosion allowance of 2mm 

Thickness of shell = 8 mm 

NOZZLE DIAMETER 

M = Mass velocity/sec 

= 10.91Kg/sec 

Density ρ =850 kg/m3 

Assume velocity to be 10 m/sec 

(π ×dn
2×ρ × v)/4 = M 

dn
2= (10.91×4)/(10×3.14×850) 

dn =0.0404m 

NOZZLE THICKNESS 

tn = (Pd×dn)/(2fJ-P) 

= (0.106×40)/(2×95×0.85-0.106) 
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= 0.026 mm 

Nozzle thickness with corrosion allowance = 5 mm 

HEAD THICKNESS: 

th = (Pd×Rc×W)/(2fJ) 

W = (1/4)(3+(Rc/RK) 1/2 ) 

Rc - crown radius = 635mm 

RK - Knuckle radius 6% of shell I.D.= 38.1mm 

W = 1.77 

th = 0.737mm 

Using same thickness as that of the shell = 8 mm 

BAFFLE ARRANGEMENT: 

Transverse baffles 

Number of baffles =1 

Baffle Spacing = Ds = 635 mm 

Thickness of baffles = 6 mm 

Height of baffle = 0.75 × Ds 

= 477mm 

TIE RODS AND SPACERS: 

For shell diameter Ds = 635 mm 

No. Of tie rods = 6 

No. of spacers = 

Diameter of rods = 13 mm 

FLANGE CALCULATION: 
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Flange material = IS: 2004-1962 class 2 

Bolting steel =5% Cr Mo steel 

Gasket material =asbestos composition 

Shell inside diameter =635 mm 

Shell thickness ts = 9mm 

Shell outside diameter = (2×ts)+635 

= (2×8) +635 

= 653 mm 

Allowable stress of flange material = 100 MN/m2 

Allowable stress of bolting material = 138 MN/m2 

 

GASKET WIDTH: 

Go/Gi =[(y-Pdm)/(y-pd(m+1))]1/2 

m-Gasket factor =2.75 

Y-Minimum design seating stress =25.5 MN/m2 

Go/Gi =[25.5-(0.106×2.75)/25.5-(0.106×3.75)]1/2 

= 1.003 

Minimum gasket width N =10 mm 

Basic gasket seating width bo = N/2 

=5 mm< 6.3 mm 

Let, inside diameter of gasket =inside diameter of shell =635 mm 

Gi = 656 

Mean gasket width =Gi+N 
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=657mm 

therefore G =657mm 

 

Estimation of bolt load: 

Load due to design pressure H =(πG2Pd)/4 

=(π×0.6572×0.106)/4 

= 0.035 MN 

Effective gasket sitting width b =bo=6.27 mm since b<6.3 mm 

Load to keep joint tight under pressure Hp = π(2b)GmPd 

= 3.14×0.0125×0.657×2.75×0.106 

= 0.0075MN 

Total operating load Wo =H+Hp 

=0.035+0.0075 

= 0.042 MN 

Load to seat gasket under bolting up condition Wb = πbGPd 

=3.14×0.657×0.00627×0.106 

= 0.328MN 

Since Wb>Wo, controlling load =0.328MN 

Minimum bolting area: 

Total cross sectional area of bolt under operating condition Am1=Wo/Sb 

Sb-nominal bolt stress at design temperature of 218.33ºC=138 MN/m2 

Therefore Am2 =0..328/138 

=2.37 x10-3 m2 
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Total cross sectional area of bolt required for gasket seating Am2 =Wb/Sa 

Sa-nominal bolt stress at ambient temperature (30ºC)=138 MN/m2 

Therefore Am1 =0..042/138 

=3.04 x10-4 m2 

Since Am2 > Am1 ,Am = Am2 = 2.37 x10-3 m2 

Calculation of optimum bolt size: 

C =2(R+g1)+B 

Choosing bolt M-18 × 2 

Total number of bolts = G/(18 × 2) 

= 664/36 

= 18 

so we take No. Of bolt = 20 

Actual number of bolts = 220 

R-radial clearance from bolt to point of connection of hub and back of flange = 27mm 

B-inside diameter of flange =outside diameter of shell =0.654 m 

g1 =go/0.707,let go= 8 mm 

g1 =1.415 go 

C =2(0.027 + 1.415 x 0.008) + 0.654 

= 0.7306m 

Therefore bolt circle diameter = 0.7307 m 

Flange outside diameter: 

A = C + bolt diameter + 0.02 

= 0. 7307 + 0.018 + 0.02 
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= 0.795 m 

so we take No. Of bolt = 20 

Actual number of bolts = 220 

R-radial clearance from bolt to point of connection of hub and back of flange = 27mm 

B-inside diameter of flange =outside diameter of shell =0.654 m 

g1 =go/0.707,let go= 8 mm 

g1 =1.415 go 

C =2(0.027 + 1.415 x 0.008) + 0.654 

= 0.7306m 

Therefore bolt circle diameter = 0.7307 m 

Flange outside diameter: 

A = C + bolt diameter + 0.02 

= 0. 7307 + 0.018 + 0.02 

= 0.795 m 

Check of gasket width: 

Ab-root area of bolt (m2)-1.54 ×10-4 m2 

Sg-allowable stress for bolting material at atmospheric temperature =138     MN/ m2 

Therefore, AbSg/πGN = 20.69 

Since 20.69 > 2y 

Condition is satisfied. 

Flange moment computations: 

Wo = W1 + W2 + W3 (under operating condition) 

W1 = (πB2Pd)/4 
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= (3.14×0.6542×0.106)/4 

= 0.035MN 

W2 = H – W1 

H =(πG2Pd)/4 

=(3.14×0.6572×0.106)/4 

=0.0359 MN 

W2 = .0359 –0.035 

= 9.175 X 10-4 MN 

W3 = Wo – H 

= 0.042 – 0.0359 

= 0.0061MN 

Total flange moment, 

Mo = W1a1 + W2a2 + W3a3 

a1 = (C – B)/2 

= 0.065 m 

a3 = (C-G)/2 

= 0.064 m 

a2 = (a1+a3)/2 

= 0.0645 m 

Mo =0.065×0.035 + 0.0645×0.00091 + 0.0064×0.0061 

= 2.724 × 10-3 MNm 

Bolting up condition: 

Total flange moment Mg = Wa3 
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W =(Am + Ab) Sg/2 

=0.376 MN 

a3 =0.064m 

Therefore Mg = 0.0240 MNm 

Since Mg > Mo for moment under operating condition,Mg is controlling. 

Therefore M = Mg = 24×10-3 MNm 

Flange thickness: 

t2 = (MCFY)/BST 

K =A/B 

= Outer diameter of flange/ inner diameter of flange 

= 0.795/0.654 

= 1.21 

Y =14 

Assume CF =1 

 

Therefore thickness 't' = 0.0719m 

Actual bolt spacing BS =πC/n 

= (3.14×0.785)/20 

= 0.123 m 

Bolt pitch correction factor CF = [BS/(2d+t)]1/2 

=[0.123/(2×0.018+0.0719)]1/2 

=1.06 

Therefore CF
1/2 = 1.03 
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Actual flange thickness = CF
1/2 t 

= 1.03×0.0719 

= 0.074 m 

TUBE SIDE: 

TUBE THICKNESS: 

tt =Pdo/2fJ+P 

J =1 foe seamless tube 

Therefore tt =(1..06×25.4)/(2×1006+1.06) 

= 0.0136 mm 

No corrosion allowance since the tube is made of stainless steel 

Thickness of tube = 1mm 

TUBE SHEET: 

tS = FG [0.25P/f]1/2 

F-The value of F varies according to type of heat exchanger, for most cases it is taken as 

G =657 mm 

Therefore tS =657[(0.25×1.55)/1006]1/2 

= 11.25mm 

CHANNEL AND CHANNEL COVER: 

t =G[KP/f]1/2 

K =0.3 for ring type gasket 

Material of construction is carbon steel 

So allowable stress f =950 Kg/cm2 

Therefore t =657[(0.3×1.06)/950]1/2 
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= 12.68 mm 

With corrosion allowance t =15 mm 

NOZZLE THICKNESS: 

Assume inlet and outlet diameter = 75 mm 

Thickness of nozzle th =Pd/2fJ-P 

=(1.06×75)/(2×0.85×950-1.06) 

=0.0426 mm 

with corrosion allowance thickness = 6mm 

SADDLE SUPPORT DESIGN: 

Material -Low carbon steel 

Vessel diameter=0.654 mm 

Length of shell =3.048 m 

Torispherical head: 

Crown radius =635 mm 

Knuckle radius =63.5 mm 

Working pressure =1Atm 

Shell thickness = 8 mm 

Head thickness = 8mm 

Corrosion allowance = 2mm 

Permissible stress = 950 Kg/cm2 

R-Vessel radius = 425.5 

Distance of saddle center line from shell end A =0.45×R 

= 147.15mm < 0.2L 
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Longitudinal bending moment: 

The bending moment at the support is; 

M1 =QA[1-{(1-A/L)+(R2-H2/2AL)/(1+4H/3L)}] 

A =147.15 mm 

Q =W/2[L+4H/3] 

W-Weight of fluid and vessel 

vessel. 

Weight of shell material: 

W1 =[π(Do2-Di2)Lρshell material] /4 

ρshell material - 7700 Kg/m3 

W1 =[3.14(0.6542-0.6352)×3.048×7700] /4 

= 451Kg 

Weight of tubes: 

W2 = n[π(Do2-Di2)Lρtube material] /4 

ρtube material -7800 Kg/m3 

W2 =278[3.14(0.02542-0.0222)×3.048×7800] /4 

= 869.55Kg 

Weight of tube sheet: 

W3 = (2πD2tρ)/4 

= (2×3.14×0.6352×0.0120×7800)/4 

= 62.85Kg 

Liquid load in the shell: 

W4 =(shell volume -tube volume)ρliquid 
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=[(πDs2L)/4 - (nπdo2l)/4 ]×1175 

=[(π×0.6542×3.048)/4 - (278×π×0.02542×3.08) /4 ]×850 

= 508.05 Kg 

Liquid load in tubes: 

W5 = nπdi2lρliquid /4 

=(278×3.14×0.0222×3.048×1000)/4 

= 321.9Kg 

Therefore total weight WT = W1 + W2 + W3 + W4 + W5 

= 450.91 + 869.55+ 62..85 + 508.05 + 321.9 

= 2213.38 Kg 

Hence, Q =2213.38/2[3.048+(4×0.257)/3] 

= 3752.416Kgm 

M1=(3752.416×0.147)[1-{(1-0.147\3.048)+(0.3272- 

0.2572/2×0.147×3.048)/(1+4×0.257/3×3.048)}] 

=57.23 Kgm 

 

The bending moment at the center of the span is given by: 

M2 =(QL/4)[{1+2(R2-H2)/L2}/{1+(4H/3L)}- (4A/L)] 

=(3752.416×3.048/4)[{0.90- (4×0.147/3.048)] 

= 2021.80Kgm 

Stress in shell at the saddle: 

At the top most fiber of the cross-section, 

f1 =M1/(K1πR2t) 
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For an angle of 120º ,K1 =0.197 m 

t-thickness of shell = 8 mm 

f1 =57.23/(0.197×3.14×0.3272×0.008) 

=10.81 Kg/cm2 

At the bottom most fiber of the cross-section 

f2 =M1/(K2πR2t) 

For an angle of 120º ,K2 =0.192 m 

f2 =57.23(0.192×3.14×0.3272×0.008) 

=11.09 kg/cm2 

Stress in the shell at mid point: 

f3 =M2/(πR2t) 

=2021.8/(3.14×0.3272×0.008) 

=75.27Kg/cm2 

Thus the values of stresses are within the limited range 

Hence the designed support is acceptable 
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5th Chapter 

 

 

 

Index for 2002 =402 

Therefore present fixed capital investment =1356647586×(402/130) 

=Rs 4,19,51,71,766 

Estimation of total investment cost: 

Direct cost: 

Purchased equipment cost:(15 – 40% of FCI ) Assume 35% of FCI 

=Rs 14,68,31,0112 

Installation cost:(35 – 45% of PEC) Assume 40% 

=Rs 5,87,32,4043 

Instrument and control installed:(6 –30% of PEC) Assume 20% of PEC 

=Rs 2,93,66,2022 

Piping installation cost:(10 –80% of PEC) Assume 50% 

=Rs 7,34,15,5056 

Electrical installation cost:(10 – 40% of PEC) Assume 30% of PEC 

=Rs 4,40,49,3032 

Building process and auxiliary:(10-70% of PEC) Assume 50% 

=Rs 7,34,15,5056 

Service facilities:(30-80% 0f PEC) Assume 60% 

=Rs 8,80,98,6061 

Yard improvement:(10-15% of PEC) Assume 12%=Rs 1,76,19,7214 

    COST ESTIMATION AND ECONOMICS 

: 
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Land:(4-8% of PEC) Assume 5% 

=Rs 73,41,5501 

Therefore direct cost =Rs 53,88,69,8129 

Indirect cost: 

Expenses which are not  directly involved  with material and labour  of actual installation or complete facility 

a) Engineering and supervision:(5-30% of DC) Assume 20% 

=Rs 10,77,73,9611 

Construction expenses:(10% of DC) 

=Rs 5,38,86,9801 

Contractors fee:(2-7% 0f DC) Assume 5% 

=Rs 2,69,43,4903 

Contingency:(8-20% of DC) Assume 10% 

=Rs 5,38,86,9801 

Therefore total indirect cost =Rs 24,24,91,4112 

Fixed capital investment: 

Fixed capital investment(FCI) = DC+IC 

= Rs 78,13,61,2231 

Working capital investment: 

10 –20% of FCI 

Assume 15% 

=Rs 11,72,04,18122 

Total capital investment: 

= FCI + WC 

=Rs 89,85,65,40084 

Estimation of total product cost(TPC): 
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Fixed charges(7) : 

Depreciation:(10% of FCI for machinery) 

=Rs 7,81,36,1212 

Local taxes:(3-4% of FCI) Assume 3% 

=Rs 2,34,40,83610 

Insurances:(0.4-1% of FCI) Assume 1% 

=Rs 78,13,6126 

Rent:(8-12% of FCI) Assume 10% 

=Rs 7,81,36,1212 

Therefore total fixed charges =Rs 18,75,26,6 906 But, Fixed charges = (10-20% of TPC) 

Assume 20% 

Therefore Total product cost =18,75,26,6 906/0.2 

=Rs 93,76,33,4506 

Direct production: 

Raw material:(10-50% 0f TPC) Assume 30% 

=Rs 28,12,90,0355 

Operating labour(OL):(10-20% of TPC) Assume 15% 

=Rs 14,06,45,0172 

Direct supervisory and electric labour:(10-25% of OL) Assume 15% 

=Rs 2,10,96,7523 

Utilities:(10-20% of TPC) Assume 15% 

=Rs 14,06,45,0172 
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Maintainence:(2-10% of FCI) Assume 6% 

=Rs 4,68,81,6731 

Operating supplies (OS):(10-20% of maintainence) Assume 15% 

=Rs 70,32,2504 

Laboratory charges:(10-20% of OL) Assume 15% 

=Rs 2,10,96,7522 

Patent and royalties:(2-6% of TPC) Assume 4% 

=Rs 3,75,05,3381 

Plant overhead cost: 

50-70% of (OL+OS+M) 

Assume 60% 

=Rs 11,67,35,3646 

General expenses: 

a) Administration cost:(40-60% of OL) Assume 55% 

=Rs 77,35,66,7592 

Distribution and selling price:(2-30% of TPC) Assume 15% 

=Rs 14,06,45,0173 

Research and development cost:(3% of TPC) 

=Rs 2,81,29,0033 

Therefore general expenses(GE) =Rs 94,23,40,7808 

Therefore manufaacturing cost(MC)= Product cost+fixed chages+Plant overhead expense 

=Rs 1,24,18,95,5045 

Total production cost: 

Total production cost =MC + GE 

=Rs 2,18,42,36,284 
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Gross earnings and rate of return: 

The plant is working for say 330 days a year Selling price =Rs. 21\kg 

Total income =1364×330×1000×21 

=Rs 9452520000 

Gross income =Total income – total product cost 

=Rs 2365923417 

Tax =50% 

Net profit =Rs 1182961709 

Rate of return =net profit/total production cost 

=28.19% 
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