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Range Forest Officer (Main / Written) Examination, 2021 

    वन         (     /      )      , 2021 

CHEMICAL ENGINEERING  

            न      

Time Allowed: Three Hours                                                                                    Maximum Marks: 200 

  न       समय:   न घंटे                                                                                                अंक: 200 

 

QUESTION PAPER SPECIFIC INSTRUCTIONS  

       व     न    

Please read each of the following instructions carefully before attempting questions. 

      न       व   न        न                व  न   व      । 

1. There are 08 (eight) questions in all, out of which FIVE are to be attempted.  

      08 (आठ)      ,   न                        न    ।   

2. Question Nos.1 and 5 are compulsory. Out of the remaining SIX questions, THREE are to be 

attempted selecting at least ONE question from each of the two Sections I and II.  

           1 औ  5   नव      ।     छ           ,  न      I औ  II                          ए     

             न              न    । 

3. All questions carry equal marks. The number of marks carried by a question / part is indicated 

against it. 

                    न   ।       प्रश्न /     के अंक इसके विरुद्ध इंवित       ए   । 

4. Answers must be written in legible handwriting. Each part of the question must be answered in 

sequence and in the same continuation. 

          /         व         । प्रश्न के प्रत्येक भाि का उत्तर उसी क्रम में दिया जाना चाविए। 

5. Assume suitable data, if necessary, and indicate the same clearly. Unless otherwise mentioned, 

symbols and notations carry their usual standard meanings. 

    आव                       न    औ                         ।  ब                न          

  ,      औ       न   न           न             । 

6. Neat sketches may be drawn, wherever required. 

     आव      , आ           । 

7. Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a question 

shall be counted even if attempted partly. Any page or portion of the page left blank in the Answer 

Booklet must be clearly struck off. 

  प्रश्नों के           न     न          ए  ।          न         ,                   न       ए   

     व                       । उत्तर पुवततका में खाली छ     आ     या             तपष्ट रूप से      

जाना चाविए। 

7. Re-evaluation / Re-checking of answer book of candidate is not allowed.  

      व      उत्तर पुवततका की पुनममूलयांकन / पुन: जााँच की अनुमवत निीं ि।ै 



2 
 

Data: (R = 0.0821 liter·atm/mol·K = 8.3145 J/mol·K = 8.2057 m
3
·atm/mol·K) 

SECTION-I 

 न    -I  

1.  (a)  Heat flux at the surface of an electric heater is 5000 W/m
2
. The heater temperature is 140

o 
C 

when it is cooled by surrounding air at 60
o 

C. What is the average heat-transfer coefficient? 

What will be heater temperature if the power is reduced to 2000 W/m
2
.                              (10) 

(b) The gas having 0.02 moles/mole dry gas of impurities is to be cleaned to remove 95% of the 

impurities by using a pure solvent. Determine minimum solvent required per mole of dry gas. 

The equilibrium data are as following:-         (10) 

X 0.0111 0.0406 0.0811 0.1236 0.1905 0.2500 

Y 0.0012 0.0043 0.0083 0.0122 0.0179 0.0225 

(c) What are differential and cumulative screen analyses? How does the particle-size distribution 

of fines behave?            (10) 

(d) Discuss frequency response of a PID controller with help of Bode diagram.    (10) 

(a)  ,d bysfDæd ghVj dh lrg ij Å’ek dk ¶yDl 5000 W/m
2 
gSA tc 60

o 
C ij ckgj dh gok ls 

B.Mk fd;k tk jgk gS rks ghVj dk rkieku 140
o 

C gSA vkSlr Å’ekarj.k xq.kkad D;k gksxk\ ghVj 

dk rkieku D;k gksxk ;fn “kfDr ?kVk dj 2000 W/m
2 
dj nh tk;A            (10) 

(b) ,d xSl ftlesa vifeJ.k dh ek=k 0.02 eksy izfr eksy “kq’d xSl gS] ls 95 % vifeJ.k dh ek=k] 

,d “kq) foyk;d ds iz;ksx ls] nwj djds “kq) djuk gSA izfr eksy vko”;d U;wure foyk;d dh 

ek=k Kkr dfj;sA lkE;koLFkk MkVk bl izdkj gSA                              (10) 

X 0.0111 0.0406 0.0811 0.1236 0.1905 0.2500 

Y 0.0012 0.0043 0.0083 0.0122 0.0179 0.0225 

(c) fMQjsfU”k;y ,oa D;wewysfVo pyuh }kjk fo’ys’k.k D;k gksrs gSa\ ckjhd d.k dk forj.k fdl izdkj 

dk gksrk gSaA            (10) 

(d) cksMs&vkys[k dh lgk;rk ls ihvkbZMh fu;a=d ds vko`fRr izfrfØ;k dks le>kb;sA   (10) 

2.  (a)   Describe various properties used for characterization of membranes.     (10) 

     (b) With neat diagrams, discuss two types of supports, one for vertical vessels and another for 

horizontal vessel.            (10) 

(c) Discuss basics of -NTU method of design of a heat exchanger?      (10) 

(d) Discuss characteristics of a pump. How are these useful while selecting an appropriate pump? 
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               (10) 

(a)    f>fYy;ksa (esEczsu) ds oxhZdj.k ds fy;s iz;qDr fofHkUu xq.kksasa dk o.kZu dhft;sA                            (10) 

(b) LoPN fp= dh lgk;rk ls nks izdkj ds vk/kkjksa] ,d m/okZ/kj o nwljk {kSfrt ckfgdk ds fy;s] dk 

o.kZu dfj;sA                                                                      (10) 

(c) m’ek fofuef;= ds vfHkdYiu dh -NTU fof/k ds vk/kkjHkwr fln~Ëkkarks dh ppkZ dfj;sA       (10) 

(d) iEi dh fof”k’Vrkvksa dk o.kZu dhft;sA ,d mfpr iEi ds pquko esa ;s fdl izdkj lgk;d gSa\  

                                                                                      (10) 

3. (a) It is desired to measure pressure in a tank, for data acquisition purpose. Describe a suitable 

device.             (10) 

 (b) Describe construction and operation of a crystallizer. How to control crystal size in it?     (10) 

 (c) Describe the construction of any extraction column with help of a sketch.                          (10) 

 (d) Water is pumped to roof of a building at a height of 10 m. It is flowing in a pipe (length 10 

m) with internal diameter = 55 mm with velocity 0.8 m/s. If f=0.004, estimate the power of 

the pump. The efficiency of pump is 30%.         (10) 

(a) MkVk ,d= djus dh ǹf’V ls] ,d Vadh esa nkc ekius dh vko”;drk gS\ fdlh ,d mfpr midj.k 

dk o.kZu dfj;sA             (10) 

(b) fØLVyhdj.k midj.k dh lajpuk ,oa dk;Ziz.kkyh dk o.kZu dhft;sA blesa fØLVy ds vkdkj dks 

fdl izdkj fu;af=r djrs gSa\                                                                                                   (10) 

(c) ,d LoPN fp= dh lgk;rk ls fdlh ,d fu’d’kZ.k midj.k dh lajpuk ,oa dk;Ziz.kkyh dk o.kZu 

dhft;sA              (10) 

(d) Tky dk 10 ehVj ÅaWps ,d Hkou dh Nr ij iEi fd;k tk jgk gSA ;g ,d 55 feyhehVj vkarfjd 

O;kl okys ikbi (yEckbZ 10 ehVj) esa 0.8 ehVj izfr lsds.M dh osx ls izokfgr gks jgk gSA ;fn 

f=0.004 gks rks iEi dh “kfDr dh x.kuk dfj;sA iEi dh {kerk 30 izfr”kr gSA        (10) 

4. (a) A gas diffuses across an air film of 0.001 m thickness. The partial pressure of the gas on one 

side of the film is 0.075 atm and zero on the other side. Estimate the rate of diffusion if the 

total pressure is 0.2 atm. The diffusivity of gas is 1.0  10
-6

 kg mol/m
2
s.      (10) 

 (b) With the help of stress-strain behaviour of a metal, explain ultimate strength and elastic 

behaviour. Can it be used to know about brittle nature of the material?                (10)            

 (c) What is reverse osmosis? Give few applications of reverse osmosis. What are its limitations? 

                           (10) 

 (d) Draw block diagram for a feed-back control of second order system with PI controller. 

Transfer function of control element is Kv/(s+1). Give its closed loop transfer function.     

                                                                                                                                                              (10) 
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(a) ,d xSl ok;q dh 0.001 ehVj eksVh fQYe esa fM¶;wt gks jgh gSA xSl dk vkaf”kd nkc ,d vksj 

0.075 atm vkSj nwljh “kwU; vksj gSA folj.k dh nj dh x.kuk dfj;s ;fn dqy nkc 0.2 atm gksA 

xSl dh fM¶;wftfoVh 1.0  10
-6

 kg mol/m
2
s gSA                                                    (10) 

(b) /kkrq ds LVªsl& LVªsu O;ogkj dh lgk;rk ls vYVhesV “kfDr ,oa bykfLVd O;ogkj le>kb;sA D;k 

bllsa inkFkZ ds Hkaxqj gksus ds LoHkko dk irk pyrk gS\                                                             (10) 

(c) foijhr ijklj.k D;k gksrk gS? foijhr ijklj.k ds dqN mnkgj.k nhft;sA bldh D;k lhek;sa gaS\ 

                                                                                         (10) 

(d) f}rh; Js.kh dh izfØ;k ds PI fu;U=.d }kjk QhMcSd fu;U=.k ds fy;s Cykd&fp= cukb;sA 

dUVªksy ,yhesaV dk VªkUlQj QaD”ku Kv/(s+1) gSA bldk DyksTM ywi VªkUlQj QaD”ku crkb;sA  

                                                                                      (10) 

SECTION-II 

 न    -II  

5.  (a)  Discuss importance of biomass gasification. What are main constituents of gas produced by 

anaerobic fermentation of agricultural waste?        (10) 

 (b) What is effectiveness factor for a catalytic reaction? How does it vary with Thiele modulus 

for an isothermal reaction?           (10) 

 (c) A natural gas has the following composition:        (10) 

  CH4 (80%);     C2H6 (12%);     C2H8 (1%) 

  How many m
3
 will be occupied by 80.0 kg of the gas at 9

o
C and 600 kPa? 

 (d) Discuss the behaviour of pure gases with the help of PV diagram.      (10) 

(a)  ck;ksekl xSlhdj.k ds egRo dh ppkZ dfj;sA d`f’k lEcU/kh vif”k’V ds vok;oh; fd.ou ls mRiUUk 

xSl ds eq[; vo;o D;k gS\                             (10) 

(b) mRizfjr vfHkfØ;k dk izHkko”khyrk QSDVj D;k gksrk gS\ ;g lerkih vfHkfØ;k esa Fkhys ekMqyl ds 

lkFk fdl izdkj ifjofrZr gksrk gS\                                                   (10) 

(c) ,d uspqjy xSl ds eq[; vo;o fuEu gSaA  

CH4 (80%);     C2H6 (12%);     C2H8 (1%) 

9
o
C vkSj 600 kPa ij 80.0 fdxzk xSl fdrus ?kuehVj txg ?ksjsxh\                        (10) 

(d) nkc&vk;ru (PV) fp= dh lgk;rk ls “kq) xSlksa ds O;ogkj dh ppkZ dfj;sA   (10) 

 

6.  (a)    Calculate adiabatic flame temperature for complete combustion of methane.     (10) 

  Air is in 50 % excess of required amount. Standard Heat of combustion of methane at 298 K:- 

1559.9 kJ/gmol. Molar heat capacity (J/(gmol.K) of methane, oxygen, nitrogen and water 

vapour are given below.          

CH4: 34.31+5.486910
-2

T+0.366110
-5

T
2
-1.110

-9
T

3
 

N2: 29.0+0.219910
-2

T-0.572310
-5

T
2
-2.8710

-9
T

3
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O2: 29.10+1.15810
-2

T+0.60710
-5

T
2
+1.3110

-9
T

3
 

CO2: 36.11+4.23310
-2

T+2.88710
-5

T
2
-7.46410

-9
T

3
 

H2O(g) : 33.46+0.68810
-2

T+0.76010
-5

T
2
-3.5910

-9
T

3
 

  (b) Give Maxwell’s equations?           (10) 

(c) Which factors should be considered to prepare plant layout, at the stage of plant design?  (10) 

(d) With help of a neat sketch, describe the working of cyclone separator.     (10) 

(a)     ehFksu ds lEiw.kZ ngu ds fy;s ,fM;kcsfVd Tokyk rki dh x.kuk dfj;sA                                  (10) 

ok;q dh ek=k vko”;d ek=k ls 50 izfr”kr vf/kd gSA 298 K rki ij ngu dh ekud Å’ek - 

1559.9 kJ/gmol gSA vkDlhtu] ukbVªkstu o ty ok’Ik dh eksyj Å’ek /kkfjrk (J/(gmol.K) uhps 

nh xbZ gSA  

CH4: 34.31+5.486910
-2

T+0.366110
-5

T
2
-1.110

-9
T

3
 

N2: 29.0+0.219910
-2

T-0.572310
-5

T
2
-2.8710

-9
T

3
 

O2: 29.10+1.15810
-2

T+0.60710
-5

T
2
+1.3110

-9
T

3
 

CO2: 36.11+4.23310
-2

T+2.88710
-5

T
2
-7.46410

-9
T

3
 

H2O(g) : 33.46+0.68810
-2

T+0.76010
-5

T
2
-3.5910

-9
T

3
 

  (b) eSDlosy lehdj.k fyf[k;sA                                                   (10) 

(c) IYkkaV fMtkbu djrs le; fdlh IYkkaV dk ysvkmV cukus esa fdu dkjdks ij fopkj fd;k tkrk gS\S  

                                                                                                                                                        (10) 

(d) ,d LoPN fp= dh lgk;rk ls lkbDyksu foHkktd (lsijsVj) dh dk;Ziz.kkyh dk o.kZu dhft;sA  

                                                                                      (10) 

7.  (a) What is Portland cement and how is it classified? Explain the manufacturing of Portland 

cement using a neat flow sheet.          (10) 

(b) For a pulse input into the vessel the following output signal was obtained: 

t, s 1 3 5 7 9 11 13 15 

CA, mol/lit 0 10 12 15 15 10 2 0 

Determine the average residence time.         (10) 

(c) A plant involves Rs.20,00,000 and Rs.5,00,000 as fixed investment and working capital 

respectively. Annual expected income and expenditure are Rs.10,00,000 and Rs.5,00,000 

respectively. A return of minimum of 20 % before income tax (33%) is required for a feasible 

investment. 



6 
 

Determine (i) annual percent return before and after income tax (ii) minimum profit required 

per year before income based on capital recovery with minimum profit.     (10) 

(d) Which facilities should be available to fight fire hazards in a chemical process industry?  (10) 

     (a) iksVZySaM lhesuV D;k gksrk gS ,oa bls fdl izdkj oxhZdr̀ fd;k tkrk gS\ ,d LoPN fp= dh 

lgk;rk ls blds mRiknu dh fof/k dk o.kZu dhft;sA       (10) 

(b) ,d ckfgdk ls iYl buiqV ds fy;s fuEu flXuy izkIr gq;sA         

t, lsds.M 1 3 5 7 9 11 13 15 

CA, eksy@yhVj  0 10 12 15 15 10 2 0 

vkSlr jsthMsUl le; Kkr dfj;sA          (10) 

(c) ,d jklk;fud m|ksx esa fLFkj fuo s”k vkSj dk;Z”khy iwath Øe”k% : 20]00]000 ,oa : 5]00]000 gSA 

okf’kZd visf{kr vk; ,oa O;; Øe”k% : a10]00]000 ,oa : 5]00]000 gSA O;ogk;Z fuos”k ds fy;s 

vk;dj (33 izfr”kr) ds iwoZ ykHk de ls de 20 izfr”kr gksuk pkfg;sA                                  

Kkr dfj; (i) okf’kZd izfr”kr ykHk vk;dj ds iwoZ ,oa Ik”pkr (ii) fuEure ykHk ij iwath dh olwyh 

ds vk/kkj ij] vk;dj ds iwoZ de ls de visf{kr okf’kZd ykHkA                           (10) 

(d) vfXu&foHkhf’kdkvksa ds ”keu ds fy;s fdu lqfo/kkvksa dk gksuk pkfg;s\                                         (10) 

8. (a) What are recycle and purge? Why are these used in industry? Substantiate your point through 

example.             (10) 

 (b) Draw a neat flow diagram for coal based ammonia production plant. Give operating 

conditions. Which grade of coal is preferred for this plant?      (10) 

 (c) Describe vapour compression cycle.                    (10) 

 (d) A plug flow reactor (PFR) and a completely stirred tank reactor (CSTR), are arranged in a 

series. Reactant (inlet concentration, CA0=1) enters in the PFR, the outlet of which enters the 

CSTR. The reactor system is used to carry out a process with rate equation, -rA=2.4 CA. Find 

the allowable residence time if the conversion is 96%.       (10) 

    (a) jhlk;fdy vkSj itZ D;k gksrs gSa\ m|ksx esa budk iz;ksx D;ks fd;k tkrk gS\ vius fopkjksa dks 

mnkgj.k }kjk fl) dhft;sA                                                         (10) 

(b) dks;ys ij vk/kkfjr veksfu;k ds mRiknu la;a= dk ,d LoPN fp= cukb;sA vkijsfVax ifjfLFr;kaW 

(d.Mh”ku) crk;saA bl la;a= esa fdl izdkj ds dks;ys dk iz;ksx dk pquko djsaxs\                   (10) 

(c) Okk’Ik laihM+u (dEizs”ku) lkbdy dk o.kZu dfj;sA                                       (10) 

(d) ,d Iyx ¶yks vfHkdeZd (PFR) ,oa ,d iw.kZ feDlM vfHkdeZd (CSTR)  Js.kh esa yxs gSaA 

vfHkdkjd (izkjfEHkd lkUnzrk, CA0=1) PFR esa izos”k djrk gS tgksW ls fudy dj og CSTR esa izos”k 
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djrk gSA vfHkdeZd iz.kkyh esa gksus okyh izfØ;k dh nj dk lehdj.k -rA=2.4 CA gSA ;fn dUotZu 

96 izfr”kr gks rks Lohdk;Z jsthMsUl le; Kkr dfj;sA                                   (10) 

***** 


