Enrollment No./Seat No.:

GUJARAT TECHNOLOGICAL UNIVERSITY
DIPLOMA IN ENGINEERING - SEMESTER - VI EXAMINATION - WINTER 2025

Subject Code: 4361908 Date: 20-11-2025
Subject Name: Thermal Systems and Energy Efficiency

Time: 02:30 PM TO 05:00 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.

6. Standard data sheet (provided with GTU syllabus/ curriculum for
reference) is allowed in examination.

Marks

Q.1 (a) Explain need of renewable energy sources in daily life with suitable examples. 03
(1) A¥el s aidloflseN Gosf 290 Alof] A3RUIA o GElgRN A1) 4. 03

(b) Why steam traps are used in boilers? Write working principle of thermostatic, 04
thermodynamic and mechanical steam traps.

(o) cNgaai 283 Uil GURIII =11 2112 U B? YaT2[es, edlsiualAs 2o ABfloisa  0F
2213 2Uall s1FsIE] Rgid @i,
(¢) State main provisions of the EC act, 2001 and explain any three in detail. 07

(8) EC2i(@fGiaa1, 2001 ofl vt RoAc I @11l 240 SiURI AR AR A4, 09
OR

()  What is the importance of energy conservation? List advantages by maximizing 07
energy efficiency in thermal systems. Draw neat skeleton of steps for energy
conversion from coal to electricity production.

(8) G 2i2et2ig Heca g B? wfa R G sidatndl atRdloll gRIERAS] 09
AIE] olatidl. side 18] dlyol] Geuleatai Gl 3uicR HIZotl UdAdiRAg] Jas HIny]
eRRl.
Q.2 (a) List the types of losses occur in boiler and write any 3 equations for boiler losses in 03

boiler systems.

(21) oNga=a1i aal oys2iotell USRIl AIE] clolld) Aol e R22a el 03
oisAlol HI2 syl 3 Haflsel dul.

(b) Draw a Sankey diagram for following boiler data: (i) Heat Output: 75% (ii) flue gas 04
loss: 10 % (iii) evaporation loss: 4% (iv) loss due to moisture in air: 3 % and (v)
radiation loss: 3% (vi) unaccounted losses: 5%. [Heat input as 100%].

(c1) oNgcrzatl oflA 20 c Bei 212 As] siina ). 1. B2 #182ye- 75%, 2. 564 A~ 0F
I - 10%, 3. SAURRIcI RUA- 4%, 4. 841H 0l A%al SIREI &l - 3%,
53S0l Y- 3%, 6. VoA Y- 5%, [[E2 oty -100%)].
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(c)

(s)

()

(1)

(b)
(o1)
(c)

A boiler running on biomass having fuel ultimate analysis is as below. (weight % of
the fuel).

COMPONENT & its %ANALYSIS is given as: Carbon-45%, Hydrogen-6%,
Nitrogen-0.5%, Oxygen-46.5%, Sulfur-0.5%, Ash-1.5%

CO; in dry flue gas is 13%. Assume combustion is produced by dry mass only. Find
with 100 kgs of dry fuel 1. Theoretical air required 2. Theoretical CO, in the dry flue
gases (combustion gases)- 3. Required quantity of excess air required.

GIRIHIA UR AUld| AIIER FHI Jule] 21(Ad [A2aNEI of]A Yol B. (JaRlo] Yol
%).

e12s ol dgf [AAYRI A1 W18 AUAIH] A1) B: §16101-45%, BIE/FI%0l-6%,
ol121%01-0.5%, 1 (SA%01-46.5%, ACSR-0.5%, 2Av1-1.5% I 5¢ 41 CO, 13%
8.

UIR1S €80l $5d SIU HIA &IR1 Bcus &I 8. 100 [5d] S Y1 419 M4

1. Jgilds sdl %37l

2. g1 5 AA (S¥0iRAal diYA)) Hi Agilds CO, -

3. ddRioll 841 %33 HIHl.

OR

Why insulation is required on pipes for steam distribution system? Name any
insulation material used in boiler piping.

QRI0 [Aaer vend] Hi2 uigul U2 geydriol 11 HI2 ¥33] 82 ollgeR uigdarai
quid] slgfuel goryagiol 2414200 of1d ¥ R1d].

Explain working of thermostatic steam traps with neat sketch.
g2l 2814 QU 2028 2A15(d A19 AHwd].

Oil fired boiler having following data available.
Rated capacity of boiler = 10 TPH (F&A 100°C), Rated efficiency of boiler= 84%,

Actual pressure of steam = 7 kg/cm? (g) Saturated, Feed water temperature = 45°C,
Data of fuel: Oil consumption = 600 litre per hour, GCV of oil = 10200 Kcal/kg,
Specific gravity of oil = 0.92, % Carbon = 84%, % Hydrogen = 12%, % Sulphur =
3%, % Oxygen = Nil, % Nitrogen = 1%,

Combustion product- Dry flue gas data: % O, in dry flue gas = 5.5% by volume,

CO% = Nil, Temperature of dry flue gas = 240°C, Specific heat of dry flue gas =
0.24, Moisture content in air = 0.03 kg/kg of air.

Ambient temperature = 40°C, Boiler surface losses = 2%, Find efficiency of boiler.
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(s)

Q3 (a)
(1)
(b)
(1)

(c)

(s)

(a)
(1)
(b)
(c1)
(©

A A1 AIAd A8 AllgeRoll siRieaial HIUdl oflA Yxoiall 521 A861 SAIHI
AIl. ofigfarel] siRieaidl N4l

ollgcRell B2l GilgfdRal] 225 $U2({12] = 10 TPH (F&A 100°C), GilgfcRal] 325

sIde2idl = 84%, UANa} URUIR HIUM EGHIRI = 7 kg/em? (g) Saturated, §15 Uleflo]
dlUdial = 45°C,

slndelall S2l: slndl Algdall duuRl = 600 litre per hour, ANId ofl GCV
10200 Kcal/kg, A1gdofl 202{15ls Ad1E] = 0.92, Carbon = 84%. % Hydrogen
12%, % Sulphur = 3%, % Oxygen=Nil, % Nitrogen = 1%

€Gol UING dIYall S2I: £801 UINA dIYHi % O, = 5.5% by volume, CO% = Nil, E&ol

UIAd dIjef diUio] = 240°C, £&0l UIA AAdl| 20Isls &le=0.24, 61 2&d
1% =0.03 kg/kg of air

didIdRRIg] dIUHIol = 40°C, IR0l AEA RUY = 2%.

What are the requirements of good furnace system in industries?
GulaNAi 413 eigl wendledl «3RuIdl g 82
Explain single or multi pass shell and tube type heat exchanger with neat sketch.

RIo1d 211 HEE] I Ad ol 2 USRal| &l AN5A0%3 YES 25U A9
A,

One oil fired furnace is having working temperature of 1200 °C. Average oil
consumption is 450 liters/hour. Air pre heater is installed in the system. Temperature
of dry flue gases coming out of the air pre heater is 320°C. Find the sensible heat loss
by the system. Specific gravity of oil 0.92, Calorific value of fuel is 10000 kCal/kg,
average O,% in dry flue gases is 13%, Air fuel ratio 1s 14:1, Ambient temperature is

40 °C specific heat of dry flue gases 0.25 kCal/kg°C.

A}s ANIA] A1ad] e1li drudiol 1200 °C 8. 21efdall AU AUIRA 450
litres/hour 8.£801 WIAA d1yA1o] 212 M gleaiell aiaR oflsadl diuaisl 320°C 8.
AoAloid gleatl ey MU Agdoll 20RAMgs A(AZ] 0.92, 3AR]s Ay 10000
kCal/kg, 19 O, % (E&ol UIAA UIYAIHI) 13%, 21 Y24 AN 14:1,

YIdIdRRIe) dUHIol 40 °C Aol &0l UING dIyAlof] 205ls &l2 0.25 kCal/kg°C

OR
Draw skeleton diagram of general furnace system and explain in detail.
A1H10 1] Ml dloll 2415(A €1R1 20l [Ga1dd R AHmd].
Explain Plate heat exchanger (PHE) by neat sketch.
LA gle A15Ac%2 (PHE) ol A 24221 28U &I AHdl.

Induction furnace having capacity of 5 TPH and specific energy consumption of 620
kWh/ ton. Yield of induction furnace is 60%. Casting is heat treated up by oil fired
furnace after primary heating in induction furnace. For heat treatment in oil fired
furnace, 60 kgs of oil is used per ton of material. Find energy usage for one ton of
production. GCV of oil is 10,000 kCal / kg and 1 kWh = 860 kCal.
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Q.4

(8) dgosszial cilofl 302012 5 TPH 210l 20A(Es Gaf viud 620 kWhitonne. §1Gog]
s132210fl 1S 60% 8. 211 GliE 122210 AN AIAd] Al ele dledoe
AIUYIAHI 41D & ¥ A &le ZledoeHi A1S 2ot HI2 60 kgs of oil ofl AURIRI 52 B. 1 2o
visse Hie g §d Gasfall duRigl N4, Ald HI2 GCV 10,000 kCal / kg 2ial 1
kWh = 860 kCal.

(a) What is fouling factor in heat exchanger? Why fouling process occurs in heat
exchanger? List factors affecting fouling process most.

(21) dle AseDo211i 516/C01 Bse2 2| B2 le DseAow2a1i 516/C01 UlBI A1 HI2 U
87 51G(c21 Ufsdlal A1efl a4y 2402 52dl URGINofl JUIE] Glatidl.

(b) List and explain what are the energy efficiency measures you need to take in any
home air-conditioner or refrigerator. Why these measures are necessary?

(61) S1y©I R0l 212-5(320012 AU FHR2HT dHR 521 G2 SIRT2Hd 01 Ui
Qdlof] %32 & dofl A1E] cialId] ial AHWIYT. A1 U2AA] A1 HI2 %¥33] &2

() Heat exchanger having hot and cold fluid flow rate of 10 and 25 kg/min. Inlet
temperatures of hot and cold fluids are 70°C and 25°C respectively. Fouling effects
are negligible for heat exchanger. Hot fluid outlet temperature is to be maintained at
50 °C. Overall heat transfer coefficient is 800 W/m? K and specific heat of water is
4.179 kJ/kg K.

1. If parallel flow heat exchanger is there, find heat transfer area for heat
exchanger.
2. If counter flow heat exchanger is there, find heat transfer area for heat
exchanger.

(8) s dle Aeidowmiell UAIR &di 213 AHal 651 UdIBlotl sl 22 10 Al 25 kg/min
8. 2RH U918 AAal 551 Ud18lo] e A1dd] Yuidaf dluHIol 70°C AHal 25°C 8.
$1G(cd10l] 2124241 dISRUIHI AH1dd] ofell. ci&IR oflsncll 2R MYIBlaf dUHIot 50
°C 81d %33] 8. 2142 2i1d gle 2loRus2 SIAISRIYoe 800 W/m? K dei uiefdf]
202{1sls ele 4.179 ki/kg K dl.

1. 2 gle ANeio% AHidR sAlHi SIH 52g &1 dl doll g2 2loRig0a] AN <
2. % gle AN2AAo¥R 51602 sdIHi SIH $g &1 d dail gle 2loiSRa] 22§

M.

NN
I

al.

OR
(a) Explain field testing of compressor by nozzle method.
(1) olind ugld g2l SladAR0tl Aot u2iRIa AHeA).

(b) List and explain what are the energy efficiency measures you need to take in any air-
conditioner or refrigeration system in plants. Why these measures are necessary?

(©1) Laioeai Sl R2-5(321012 AU 2FH32Ucl R22HH] dHR sA1 G sIT2i3d ol
YaIdi Adlofl %32 & dofl §1€] GlalId] ol AHNA). A1 U2AA Al HI2 %¥33] &?
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(c)

(s)

QS (a)
(1)
(b)

One air compressor system provides following data. Find out isothermal efficiency
and specific power consumption for compressed air system.

Flow coefficient as per IS = 1.1

Motor power input = 110 kW
Efficiency of motor belt drive = 67%

Nozzle diameter mm = 0.08 metre
Temperature of incoming air = 40 °C
Pressure of incoming air = 1.03 kg / cm?(a)
Pressure before nozzle = 1.1kg/cm?
Temperature before nozzle = 45°C
Pressure before receiver = 3.3 kg / cm?
Universal gas constant = 287.1J/ kg °K
Pressure difference across the nozzle = 0.04 kg / cm?

AS AR s3URAR UAId] doll YeIFel URAH12R HIudl [o1dof] [SHA HA B. 241 uRe]
S1aUA0l| A1 SIS Aol 202{18]s U9 %3341 M4

sdl siRglfluce(AANIS), IS X0 = 1.1

Higell gotye UIdR = 110 kW
Hl2rall dce glgdd] siRieaial = 67%

oll%Cofl 411 mm = 0.08 metre
e AIdd &diof dUHIal = 40 °C

e Aidd edigf £ct1C = 1.03 kg / cm?(a)
oll %G UdGIgf £G11CI = 1.1 kg / cm?
oll%C UgGlg diuaiol = 45°C
AAlarq] ecile = 3.3kg/cm?
Yfotaid A sloiese = 287.1/ kg °K
all%cofl 2419101 2ol Uedlo] EGilloll d§Idd= 0.04 kg / cm?

What are the factors that could affect performance of fan and blowers in any plant?
siguel Ldlo2Hi Ul Aal eIl Uelolal SUI URGN 2442 §3] 15 82

What are the sensible heat loads for refrigeration and air conditioning systems?
Enlist.

(e1) 532101 ial 12 $3=16101 312 AoAloid Goslall 112 SUI SUI V? ¢uil.

(©)

Following data are available from one Restaurant air conditioning plant.

Outside design condition: 41.9 °C dry bulb temperature, 27.1 °C wet bulb
temperature, Inside or room design condition:26.7 °C dry bulb temperature, 50%

relative humidity, Restaurant room dimentions: 30 m *30 m *5 m. At a time, total 150

people can sit and eat in the place. Total 3 walls are outside walls. Swing door is
provided at the entry/ exit. Find total infiltration and ventilation requirement. Also
find load due to outside air. Air change per hour is 2 and ventilation requirement is

0.42 m3/ person. Given S=3.
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(s)

(@)

(1)

(b)
(o)
(c)

(s)

AS AS(9UcS 222102 HI2 oAl [Aa1d) Andd] 8.

o&Rall (Sx51¢fot R(A: 41.9 °C YsI 2NANIg] clIUHIal 2ol 27.1 °C cflatl NI
dludiol AHY el [SK1gal R&A 26.7 °C Ys1 2N ANIgf dUHIel Aal 50% ALl
&A(5E] B. 220l AA1RS19] diudiot 30 Hle2 *30 Hle2 *5 122 Guie 2418 HedH
HIRRMofl Auu1 150 8. 5d 2RI cieRdl [Eaidl & Guria 2dTof1a1 g2 1991 vign #3d
8. 11 Ul 5d dlogcgriol, dledriotofl ¥322u1a 2ial siaRdd] adi1efl &g ciReid
(o1l NN, AHIUA AR Ao% SIS 2 Al AlceARlolal] %3711 0.42 m>/ person
8. (S=3 ANd )

OR

What Anemometer measures as an measuring instrument? How it can be used in
industrial plants?

HIUol Altiol a3l Alci1H122 53 HIUol 52 8?2 AUIAS Ldloedi dofl Guilal 5]
Ad YgAL?

What are the latent heat loads for refrigeration and air conditioning systems? Enlist.

RUFRRI0l AHal AR soslRAallol RI2eH HI2 YYH 2RHloll 112 8] B2 JUIE] laiidl.

Explain general design a cold storage for variety of food like milk, different fruits,
onion, tomato, cucumber etc.

ey, @2&& sal, $a101l, 213121, 518S] Y3AR ¥ [A[AL VRIS HI2 S1ES 22R¥of] 2l
AHd).

*kk
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