Seat No. / Enrolment No.:

GUJARAT TECHNOLOGICAL UNIVERSITY

Diploma Engineering — SEMESTER — 3 (OLD) — EXAMINATION — Winter-2025

Subject Code: 4330503 Date: 08-12-2025
Subject Name: Process Calculation
Time: 10:30 AM TO 01:00 PM Total Marks: 70

Instructions:

1.

2
3.
4.
5

Attempt all questions.

Make Suitable assumptions wherever necessary.

Figures to the right indicate full marks.

Use of simple calculators and non-programmable scientific calculators are permitted.
English version is authentic.

Marks

Q1

(@)

State Fundamental quantity with their unit in SI system. 03
SI 124U deil W54 A1 Yoeyd sl[=2] %alidl,

(b)

Convert (i) Volumetric flowrate of 2m3/sec to I/sec (ii) Pressure of 2 atm | 04
to mm Hg (iii) temperature of 303 K to °C and (iv) Force of 5N to Dyne.

2ULARA A (2)  m3/sec ol AIA(2s sdlR2al Isec Hi () R atm
¢34 mm Hg Hi (3) 303 K sii dlUHlelal °C Hi el (¥) U N il a1
SIdel (Dyne) Hi2UidRd 52

(©)

Prove that mole % = Pressure % =Volume% for a gas mixture of A & B. 07
A B el dIy M9 U2 H1d % = 60418l 9% =5¢ % AL[cd 520,

OR

(©)

State formula for mole. (i) Find moles of K>COz that will contain 117 kg 07
of K. and (ii) How many grams of carbon (C) are present in 264 gm of
COy?

Hld HIR ol s1R]dl wlid). (1) K2COsell Hley 0ldl BHi 139 (56 K
&2, Wal () 2¥ ALH COHI 52dl ALY S10det (C) S1Y B2

Q2

()

State Dalton’s Law and Amagat’s Law. 03
Sleed of] [ o) WHIld ] [AdY ¥RLLcl).

(b)

Calculate molecular weight and equivalent weight of (i) H.SO4 and (ii) | 04
NaOH.

(1) H2S04 ol () NaOH o HlasyeR d2 wal gs(dddse d2 A ldzl
52,

(©)

Define (i) Molecular weight (ii) Equivalent weight (iii) Pressure (iv) 07
Normality (v) Molarity (vi) Force and (vii) Weight Fraction.

vl AU (1) HlAsydR d2 (}) ©s(dddee de (3) ewlsl ()
AU(E@2] (u) HlaRle] (€) 1 A (9) A2 52,

OR

Q2

(@)

State Ldeal gas law. 03
1621 AY ol (AU wLlcl.

(b)

Calculate weight of 1m?3 of chlorine gas at temperature of 298 K and 04
pressure of 101.325 kPa. Take Value of R= 8.3145 m3.kPa/(kmol.K)

1 m3 5AlRel Al of d%el 2¢¢ K dlUH Il Wl 109.3RYU kPa <1l 61l
d¢ o QA3 520 (R «il (5Ud ¢.39%U m3.kPa/(kmolK) Adl)

(©)

A gas mixture containing 0.274 kmol of HCI, 0.337 kmol of N2, and 0.089 | 07
kmol of O,. Calculate (i) Average molecular weight of gas and (ii)




Volume occupied by this mixture at 405.3 kPa and 303 K. (Take Value of
R= 8.3145 m3.kPa/(kmol.K)).

dlR) (H1QL BHi HCl 0.29% kmol, N2 0.339 kmol sl 02 0.0(¢ kmol
S1A (i) WL dly (M8 o URAA WL[RAS gogel (Rdes HlAsYdR dR)
ol (i) AL dly M8l of ¥ouU.3kPa eIl wel 303K dlUHla Seeil
AL 5. (R eil (5Hd ¢.398U m3.kPa/(kmol.K) Adl).

Q.3 | (a) | Explain Recycling operation with neat sketch. 03
269 ¥ 15[d A1 RIS U0l HHwdl.

(b) | Describe the material balance of the Filtration operation with neat sketch. 04
9 wLs(d UL (522l vlURel o1l llds dael (H[2Rud
WAe) o ARl 530,

(c) | A single effect evaporator is fed with 10000 kg/hr of weak liquor | 07
containing 15% NaOH (caustic) by weight and is concentrated to get thick
liquor containing 40% NaOH (caustic) by weight. Calculate (i) kg/hr of
water evaporated (ii) kg/hr of thick liquor obtained.

Ridg ©5s52 vaUlR2Mi 10,000 (56l/sa 15l sina1l (dls) (@52 §1S
1AM 1D B, % WU % 614 d2 NaOH (51x25) t21d 8 Wl A8l ¥o %

W14 d2 NaOH (51R25) 15\ (52 ([as (@s2) Raddl Hi2 Sledsiee

sl Hle (1) (sal/sdls ulglle oimdletds «fl a-idl 520 (R)
[5A1/5615 5] (@52 ([2s [452) ¢l ARl ARLdR] s2.

OR
Q.3 | (a) | Explain Yield and Selectivity. 03

665 wa A s21d12] yuexdl.

(b) | Describe the material balance of the binary Distillation operation with 04
neat sketch.

A9 ¥ 15[d A1 (gl (ULSAR]) [ARiest ((SulALlel) WUt <l
(s Adael (H2RUE Ade) of dlel 53,

(c) | Discuss importance of material balance. Discuss material balance 07
calculation steps for without chemical reaction.
fl(ds Adael HRRUG AQe) oil Hecdofl UL 5. AAAUMBLS Ul
[clol oil(ds Adael (M2 RUE Ade) ofl ARldell Udle 124)e{l UL 53).

Q.4 | (a) | Define Specific Heat and Latent Heat. 03
WRlsls gle ual oz sl ol culul w1l

(b) | Prove that Cp-Cy=R for an Ideal gas. 04
241620 AU HI2 Cp-Cv=R LA 52).

(c) | Methane gas is heated from 303 K to 523 K at atmospheric pressure. 07
Calculate heat added per kmol of methane using Cp° data given below,

Cp® = 19.24 + (52.11x 10T + (11.97 x10°) T2 —(11.31x 10°)T? in kJ/
(kmol.K).
dldldBUstl £wlQl (s diyal 303 Kl UR3K Yl M s IHi 2414
8. o{1A w10 Cpo Hiledlsl BUAIL $3]A 1 kmol HAAH] GRRAH]
NI SRR
Cp® = 19.24+(52.11x 10-3)T+(11.97 x106)T2 -(11.31x 10-9)T3 in KkJ/
(kmol.K).
OR

Q.4 | (a) | Define heat of formation and heat of combustion. 03
l2 2§ s1H21e WA Ele uls sHedoRlet ol Ll A ),

(b) | Discuss Hess’s law of constant heat summation. 04

SHell Ucdd Gl UL (EA 4l 1§ Sl Sle dNRUst) il
[Aluus{l AUl 2.




(c) | Calculate standard hat of reaction of following reaction, 07
4NHz3(g) + 502 (g) = 4NO (g) + 6H20 (9)

The standard heat of formation (AH%) data of components at 298.15 K is
below,
AH% of NHs (g) = (- 45.94) kJ/mol
AHY% of NO (g) = 90.25 kJ/mol
AH% of H,0 (g) = (- 241.82) kd/mol.
o[ As{l UldlsuiHie RlAs2lel) €le H1s Au 5210 «fl Aid3l 52,
4NHs3(g) + 502 (g) = 4NO (g) + 6H20 (g)
RLCAUK dluHla g2 slel €l 315 s1Halet (Ao ofl Hiled] «(1A Yoxod
8,
AH% of NH3 (g) = (-¥U.¢¥) k] /mol
AH% of NO (g) = ¢o.RU kJ/mol
AH% of H20 (g) = (-¥9.¢*) k] /mol.

Q.5 | (a) | Give full name of GCV, HV and NCV. 03
GCV, HV ol NCV o Y o114 w4 [Ul.

(b) | Discuss Ultimate Analysis and Proximate analysis of coal. 04
slailetl WedlNe Watlelfly wa vlsilNe Watielfly «l dul 52,

(c) | State formula for % conversion. In the production of sulfur trioxide (SO3) 07
100 kmol of SOz and 200 kmol of O, are fed to reactor. The product
stream is found to contain 80 kmol of SOs. Find the % conversion of SO..

% Seiddst ofl Slal wQldl. Aes 2LAISUIBS(S03)ell GllestHi
SO2¢1l 100 kmol el 0201l 200 kmol ol [R¥M$2M cllWd (M (515) 1A
8. Gallesl (U1SS52) UdlsHi ¢o kmol SO3 &ldlsf QldL He 8. SOz o
% Setdel 04,
OR
Q.5 | (a) | Define (i) Combustion Operation (ii) Calorific Value of fuel. (iii) Excess | 03
Air.
(1) 5Hdolel WIURel () WAdQle] 541R(55 Y& (3) ddlRlel &dl
(RASAY AR) «fl vl A,

(b) | Classify various types of fuels with examples. 04
Ay UsIRetl HHRL (s444) o Gelel U1 415201 520,

(c) | A feed to continuous fractionating (Distillation) column contains 28% by | 07

wt. Benzene and 72% by wt. Toluene. The Analysis shows that distillate
contains 52 % by wt. Benzene and bottom product contains 5% by wt.
Benzene. Calculate amount of distillate and bottom products per 1000 kg
of feed per hour. Also calculate % recovery of Benzene.

soaly A ssAAAel s1qH ((Sulldalel)ell §1S Hi ¢ % Wiy d2
W [co5el (Benzene) e 9% Gl d2 2l[edel (Toluene) «ll HHIALI
ey 8. Aell@RY e2ld B 3 [ARiled ([Sulde) Ui U Wiy de
W [e2%et (Benzene) el d[OUlsil Gallest] (WleH UlSS2) Hi U % 1A
d2 G[edel (Benzene) 8. €2 5@l¥ qooo (5¢l §ls €lo [Riled
((Su2ld2) wa dlalell Gaulesl (leH Ulsse) <l aridil s
A [cotetef] R5aR1e1l YL aQld3] 520




