Seat No. / Enrolment No.:

GUJARAT TECHNOLOGICAL UNIVERSITY

Diploma Engineering — SEMESTER - 3 (NEW) - EXAMINATION - Winter-2024

Subject Code: 4330503 Date: 07-12-2024
Subject Name: Process Calculation
Time: 10:30 AM TO 01:00 PM Total Marks: 70

Instructions:

1.  Attempt all questions.
2 Make Suitable assumptions wherever necessary.
3. Figures to the right indicate full marks.
4.  Use of simple calculators and non-programmable scientific calculators are permitted.
5 English version is authentic.
Marks
Q.1 | (a) | Explain different unit systems. 03
¥ | [dldy A 5H UL HHdl. 03
(b) | Convert (i) 4atm to mm Hg. (ii) 2 atm to kPa. 04
o | 5002 $2) (i) 4atm oL mm Hg HL. (ii) 2 atm & kPa Hi. 0¥
(©) | Define: Mole, Normality, Molality, Equivalent Weight, Molecular weight, 07
Fundamental quantity, Fuel.
5 | cluAl WU : Hld, (€], Hldl(@d], ssdldde de, Hlasyaz de, °9
Yoed aseel], Modl.
OR
() | A solution of caustic soda contains 20 % NaOH by weight. Taking density of the 07
solution as 1.196 kg/I find the normality, molarity and molality of the solution.
5 | slRes UlSlell UIRYRAAHT aosel GIL 20% NaOH &ld 8. ¢lalefl teldl | ©9
1.196 kg/l d1% Adlefl G3eeil «lli (@], H1ARE] W Hla(e2] 2Llell,
Q.2 | (@ | Convert volumetric flow rate of 2 m®/s to I/s. 03
¥ | 2 m3/s ol AIRYU[2S UdLs £4 1/s Ui Sede 52U °3
(b) | Derive ldeal gas law. 04
ol | a9l AU SIUEL dlrdl, 0¥
() | Sodium chloride weight 200 kg is mixed with 600 kg potassium chloride. 07
Calculate the composition of the mixture in (i) weight % and (ii) mole %.
5 | Yl(suH s6118S 200 (560l d%et 600 (56l Ule(luu selUeS 1d (M8l | o9
SAIML 1A B. (i) 9%l % Wal (i) H1E % Hi (MLl Usils{] 21Q1d3]
53,
OR
Q.2 | (8 | Find nitrogen (N) content of 100 kg urea sample containing 96.43 % pure urea. 03
¥ | 96.43% 2sd, YRUL Ylddl 100 (56 YRYULAL oAyl dlo2lawel (N) | ©3
AL 21
(b) | Assuming air contain 79% N and 21 % O by volume, Calculate the density of 04
air at NTP.
W | edlHi dleY GIRLT79% N2 Wl 21% O, S1d 8. NTP UR &dleil teidlefl | ¥
d1R1d?] 52,
(c) | Prove that Volume % = Mole % = Pressure %. 07




ALd 5 5 A 9% = Y16 9% = 618l %.

09

Q.3

@)

Explain Material Balance equation for Evaporation.

03

o [fleidsis] H21R1ue Adey 1l 501 Ayl

03

(b)

2000 kg of wet solids containing 70 % solids by weight are to a tray dryer where
it is dried by hot air. The product finally obtained is found to contain 1 %
moisture by weight, Calculate:

(@) Kg of water removed from wet solids

(b) Kg of product obtained.

04

70% d%el G2 elel Uglell YR1ddl 2000 (56l oflsil elst Uelela 2
SRIRMIYSAIHI w1d B 2 dal 21U &dl GIRLYsAd U 411d 8. »id
NNAdd Gadlest 1% d%et Gl A% d1d 8, A-LdI] 520 ;

(a) ¢{loll elol UgleiiHiell kg of ULGI] &2 524

(b) kg of HNAE Gl lta.

oY

(©

A feed to a distillation column analysis by weight 28 % benzene and 72 %
toluene. The analysis of the distillation shows 52 weight percent benzene and 5
weight percent benzene was found in the bottom product. Calculate the amount of
distillate and bottom product per 1000 kg of feed per hour. Also Calculate the
percent recovery of benzene.

07

d%el 28% Woosld Wa 72% XYYl (dARitel s1aH Wsil(@Aly Ul
AlWd L u1d . [ARigste] Wetl[@{1Y e21ld B ¥ 52 doget 251 Aol
U 5 el 251 Aovblet oflAstl Glleaii ldl HR) &d. Uld 5ELs 1000
(sdl sls €lo [ARitel wa d[nA Galleelsil HlaAledl A 52U
Wooflelof] 251a 1) efl Yet:uL[Hell Ul 2Q1d3) 520,

09

OR

Q.3

@)

Define % Conversion, % Yield and Limiting Reactant.

03

% Soclabel, 9% A1ES el (@3] RU 5202 v LRI $3).

03

(b)

Explain Recycling and bypassing Operation.

04

RULUSEIN o) W IRAUL[2L 11UR21et HHenlCl).

oY

(©

Ethylene oxide is produced by oxidation of ethylene. 100 kmol of ethylene are
fed to a reactor and the product is found to contain 80 kmol ethylene oxide and 10
kmol CO,. Calculate: (a) the percent conversion of ethylene and (b) the percent
yield of ethylene oxide.

07

o(e(Cel WLSAULOS Ble[Eeloll HUSUSUA G121 Bzt &l 8. 100 kmol
o(e(del [R50 dlWdiHl H1d B M GalleeiHi 80 kmol ©(e[Clel
ULSULYS Wl 10 kmol CO; €A 8. ARLdI] 52U @ (a) BlaUldetell %
Conversion sl (b) & (2l[Gsl ) 54185<(] % Yield.

09

Q4

@)

In the production of sulphur trioxide, 100 kmol of SO, and 200 kmol of O are fed
to a reactor. The product stream is found to contain 80 kmol SOs. Find the
percent conversion of SO,.

03

UES 21BN 5 18Sell Blleeii, SO, o 100 kmol e O, < 200 kmol
A5 R824 ol luid Ml W1 8. Gllest UALEH 80 kmol SO %lall HA
8. S0, <1l % Conversion 2L\,

03

(b)

Calculate the standard heat of reaction at 25 °C of following reaction C;Hs (g) —
C2Ha(g) + Ha(9)

Data :
Component AH°c kJ/kmol
C2Hs (9) -1560.69
C2H4(9) -1411.2
Ha(9) -285.83

04




o1 Aef] Uld($ULeAl 25 °C U Uld(sUled] 152 Ele vils sl ol

21Qld3l s,
Data :
Component AH°c kJ/kmol
CaHs (9) -1560.69
C2Ha(9) -1411.2
H2(9) -285.83

oY

(©

Calculate the heat of formation of phenol crystals at 298.15K from Its elements
using the following data :

Standard heat of formation of CO; (g) =- -393.51 KJ/mol.

Standard heat of formation of H,O (1) = -285.83 KJ/mol.

Standard heat of Combustion of phenol crystals at 298.15 K = -3053.25 KJ/mol.

07

o{lAsil Selell GUALIL 531A Aell declHigll 298.15K UR (seild 2s(251s(
et Lof] 2141 +f] 21313 5

152 Sle vils slA2lel LS CO, (g) =- -393.51 KI/mol.

1SS Sl2 ils slA2lel 21§ Ho0 (1) = -285.83 KJ/mol.

R1eSe Sl2 1§ 5HQlel A\ (§eild 25(25) =-3053.25 KJ/mol.

09

OR

Q4

(@)

Convert 56g N, to mol.

03

569 N, A mol Hi sed 53).

03

(b)

Derive Cp— Cv=R.

04

Cr—Cv=R dlRdl.

oY

(©

Calculate the heat that must removed in cooling 32 kg of oxygen from 488 K to
313K using C°p data :
C° = 26.0257+11.7551 * 103T -2.3426 * 10°T2-0.5623 *10°T3.

07

Co S2lell BGUlIL 53 488 K &l 313K ydleil 32 (56l H\[su%eta

6SSHI &2 SAIMI 1Y s €l o] AldD] 52 :
C% = 26.0257+11.7551 * 103 -2.3426 * 10-0.5623 *10°.

09

Q5

@)

State Dalton’s law, Amagat’s law, Raoult’s law

03

X2 SleRelal] SIUE], WHldel] S1UE), UG- SIUEN

03

(b)

A sample of dry flue gas has the following composition by volume :
C0,=13.4%,N,=80.5%,0,=6.1%

Find the percent excess of air supplied assuming that the fuel contained no
nitrogen, the nitrogen and oxygen in flue gas must have come from air.

04

SIY 59 Uil dAyst i Y 2L oilAsfl U1 B: CO= 13.4 % , N2 =
80.5% , 02 =6.1 %

OUQIUI l1©2logel lefl, 56 AUUL llolosel el N [sU%el salmiell
Ul eldl 1SN A Yleflal Y3l ulsaiui w1del ediefl % excess
2Ll

oY

(©

Define Heat Capacity, Heat of Reaction, Heat of Formation, Heat of combustion,
Latent heat of vaporization, Latent heat of fusion, latent heat of sublimation.

07

€le 5U12], sle vils us2uet, €le wls 1M, €le Hls 51041,
dese ¢le s dlUlRIoPdeAel, dece €l s synel, Ao sle slls
AW ElN 2l of] cylu] W)

09

OR

Q5

@)

Define Calorific Value, GCV, NCV.

03

5631(55 YRU, GCV, NCV ofl cuil 2[4l

03

(b)

Explain ultimate analysis of fuel in detail.

04




W | odRle] w2 Ast L[y (AarddlR dHosdl. oY
(c) | The Gross Calorific Value of gaseous n-butane is 2877.40KJ/mol at 298K. 07
Calculate its Net Heating value in KJ/mol and KJ/kg. Latent heat of water vapour

at 298 K = 2442.5 KJ/Kkg.
5 | dIyYsd n-0y2ete] §6 34355 YR 298K UR 2877.40 KI/mol 8. KI/mol | °9

o Kikg Ui dell a2 1l YRusfl aAQld3] 520, @22 €le »ls dler
du2 298 K GUR = 24425 KJ/kg.
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