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GUJARAT TECHNOLOGICAL UNIVERSITY
Diploma Engineering - SEMESTER-VI « EXAMINATION — WINTER - 2016

Subject Code: 3361907 Date: 26-10-2016
Subject Name: THERMAL SYSTEM & ENERGY EFFICIENCY
Time: 10:30 am - 01:00 pm Total Marks: 70

Instructions:
1.  Attempt all questions.
Make Suitable assumptions wherever necessary.
Figures to the right indicate full marks.
Use of programmable & Communication aids are strictly prohibited.
Use of only simple calculator is permitted in Mathematics.
English version is authentic.

SEGIENNEN

Q1 Answer any seven out of ten. €2H{&l SlEURL Alclatl scllol M. 14

State different sources of energy
Goslotl QA BN A LU

State various Thermal systems applicable to industries.
Ol AsHHL duRAl wric@eH weudl.,

Define Cogeneration system.

sl-2goiR2lotoll cautvul AU,

State main provisions of the EC act, 2001.

EC act, 2001. o{l Ulcflatet uual.

Give classification of Heat Exchanger.

éle NeAorq] colls0l 52

What is meant by LMTD?

LMTD 9 & A aeldl.

Define Free Air Delivery?

sl AR Slellal ol catvaul .

Give the classification of industrial furnace.

AABs edlof collswL 5.

Define ton of refrigeration?

2ol ull§ 5120t ofl cavul 4.

What is the relation between COP and kW/ton of refrigeration?
COP and kW/ton 3§ 25l2s22letall Aeitl AW,
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Q.2 (@) List various sources of sensible heat loads in refrigeration. 03

ysl.2 () wlaReetil Aclled gle dAlsell (Al Bl el 03
OR

(@)  List various sources of Latent heat loads in refrigeration. 03

(1) WlwRAAH Qo2 &le Alsetl (AlAu B kUl 03

(b)  Explain flywheel effect of building materials. 03
() el mélflact 1R scsAa AU UxALdl 03
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OR
Explain heat gain through glass.
LU HL UAR Ul Gl (A uner Al
A hall to air conditioned foe a sitting capacity 500 persons
Indoor condition: 26 °C dbt and 60% RH.
Outdoor condition: 30 °C dbt and 50% RH.
Ventilation air 0.30 m*/person.
Calculate the sensible heat load, latent heat load

As Slcdell 3UREL 500 HRRAl & A Al Al 23R 2t 12 Ac{leict éle As
Ul A2 8le Al oLl 3.

3uo{l vie0ll (3BTt RA(A: 26 °C dbt and 60% RH.

3uo{l wslRell [(SxLeSot RAA: 30 °C dbt and 50% RH.

sclloll 222l 0.30 m3/person. (AodlA2let ofl 3R 2c).

OR
In a coldstorage 20T mango is store at 15°C for 20 hr. The outside
temperature is 38°C and specific heat of mango is 3.4 ki/kg °K. Calculate the
cooling load.

A5 51ES VWU 20T 331 15°C dlluMlal 20 scls YLl ANA 8, %) wslRq]

dlunlet 38°C slad Al A Hizoll 33 sclloeu? el 33lell Cp=3.4 ki/kg °K

Explain the energy conservation in refrigeration and air conditioning system.
R4los200t el AR $812le{lol ReHHI Qs (AlAH2A AHostA

OR
Differentiate between infiltration and ventilation air.

Bol(§c2 2ol W AodlAlot Sl oll dAsleld AHLA.

What are the major factors affecting the industrial furnace performance?
UAOLs Adloti URSHoURA AUUR 5l ULRBH LU,

OR
Explain various industrial furnace losses with sankey diagram

UatSl st ofl Heel AUABLs edlotl QLAY QL el

What are the various instruments required for performance evaluation of
industrial furnace.

AWELs etdlotl URHHoU AU HIZ AURLAL YELYEL Ultholloll ollH

oLl

OR
How do you determine excess air level in an industrial furnace?

UAOLs gl aulRiell sail of Adet d 568 I HIUl A wRUA?

Oil-fired reheating furnace has an operating temperature of around 1340°C.
Average fuel consumption is 400 litres/hour. The flue gas exit temperature is
750 °C after air preheater. Air is preheated from ambient temperature of 40
°C to 190 °C through an air pre-heater. If Specific gravity of oil is 0.92. CV
of oil is 10000 kCal/kg. Average O2 percentage in flue gas is 12%. Air Fuel
ratio is 14:1 and Specific heat of flue gas is 0.25 kCal/kg°C.

Calcute the sensible heat loss.
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As WS &l U HElHL dlUrlet 1340°C B, WS AR AURA2L 400
litres/hour B. £&ol WRA cliylle] AR YleleR Higl celR ollsncl diuntet 750
°C 8. AR Ylglenl vieR Aladl atdiarulsll eat 40 °c ol 190 °C oRH &L .
AWSA{l A, Y1l 0.92 wa 535 Ace) 10000 kCallkg. B. ¢ AU U
(ooto] UHIGL 12%. VR A (A 14:1 U AL5ls Sle ws $¢f N{u
0.25 kCal/kg°C .

OR
Explain the working of rotary hearth furnace.
A2 &2l @dle] stel umendl.
12TPH billet is heated in furnaces. The temperature of billet is heated form
40 °C to 1100 °C. The consumption of oil in furnaces is 750 liters/hr with
specific gravity of 0.92 and CV is 9700 kCal/kg. The billet specific heat is
0.12 kCal/kg®C. Calculate i) % heat loss in furnaces ii) Efficiency of
furnaces.

As MUl 12TPH (A2 oM & 8. (A2 40 °C &l 1100 °C Yl aRM
$CULHL ALA B, MEF A cURL2L 750 liters/hr 8. ASEHo(l 0. & 0.92

8 5335 Acy 9700 kCal/kg. B, olldzsll :0{14ls 8le 0.12 kCal/kg’C. &l

Al ) Galoll 1l % Hi AL ?) Agloll stieatct L.

OR
Explain with neat sketch why proper heat distribution is required in the
furnace system?

gl &le Sllojatstell as3Rautd wusdl 131 Anes Al

The following are the data collected for a boiler using coal as the fuel. Find
out the boiler efficiency and evaporation ratio by direct method
Steam generated :8TPH Quantity of coal consumed: 1.5 TPH

Steam pressure: 10 kg/cm? GVC of coal: 3995 kCal/kg

Temperature of steam: 180 °C Enthalpy of steam: 660 kCal/kg
Feed water temperature: 85 °C

sleu el Al As SR 1R olA Yol ol 321 8. dl A SR oll stle el
dall AluRalet 2220 $1Rse ugldell a0l .
M oolR9let :8TPH slARLll cURIeL: 1.5 TPH

sldlle{l GVC : 3995 kCallkg
Bluell Aeaucdl: 660 kCallkg

WlH eollL: 10 kg/em?

W Ho] dlurlet: 180 °C

gls 2R dlUuHlet: 85°C

OR
Boiler efficiency by indirect method is more useful why?

gatslaRse Ugld ad slletell stelattdl ay Guloll & au 12?2
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The following are the data collected for a boiler using furnace oil as the fuel. 04
Ultimate analysis (%) Flue gas analysis (%)
Carbon =85 Flue gas temperature = 240°C
Hydrogen = 10 Ambient temperature = 28°C
Nitrogen = 0.8 CO2% in flue gas by volume = 11
Oxygen=1.1 02% in flue gas by volume = 8
Sulphur=1.1
Moisture = 0.7

Calculate (1) Theoretical air required (2) Excess Air supplied (EA) (3) Actual
mass of air supplied/ kg of fuel (AAS)

golal AUSTAYUL AlAAL A5 GlFAR HER olA Yot ol 32 B. Al A GlSTAR HI2 0¥
)33 LIARESA AR ) MUA AllRAo{l sl 3) AsYUA MY A§ AR
AL 0L

ucdlne Asticlll (%) 5¢ AU AetlcllllA (%)
slolol = 85 §G ARAej lUHLel= 240°C
sleQlasat = 10 AlclaRBle} dlUHLet = 28°C
Al %al= 0.8 $¢ AR-AHL CO, % sEY0L = 11
AlAgot = 1.1 564 AUUL 02% $EYXOL =8
UEsR=1.1
A% =0.7
OR
Calculate the rise of feed water temperature by providing an economizer to 04

boiler; generate the steam of 10T. The inlet and outlet temperature of flue gas
is 330°C and 180°C respectively. The air fuel ratio is 21:1 and boiler
evaporation ratio 10. Neglecting bolwdowen and condensate recovery. (Cpg=
0.23kCal/kg°C)

10T RO tlollelcll LS ARML B AMIESRBR AU B. B8lllHiS B e 0¥
o] cttuntet 330°C Ul 180°C Yol 2 B , sl WA WA AR OJBUAR 21:1 &
UA AR oll AUt AJBNAR 10 B. 6l SIGel ¥ W 5302 ofl Rscldl

Al otell Al 2w uRel 851N BRYUL AUl 8ls 2Rl dluHlotoll A L
.(Cpg= 0.23kCal/kg°C)
The following are the data collected for a boiler. Find out the boiler efficiency 07
by indirect method.
Carbon content in fuel (C)= 84%
Hydrogen content in fuel (H)= 10%
Moisture content in fuel (m)=0.3%
Ambient temperature = 35°C
Flue gas temperature = 190°C
Humidity in ambient air = 0.023kg/kg of dry air
GCV of fuel= 9,600 Kcal/kg
Surface temperature of boiler= 85°C
Sp. Heat of flue gases= 0.23kCal/kg °C
Sp. Heat of super-heated steam=0.45kCal/kg °C
Mass of dry flue gas= 25.36kg/kg of fuel
Actual mass of air supplied/kg of fuel=22.49kg/kg of fuel
Radiation & convection losses= 0.32%
Losses due to incomplete combustion= 0.02%



Q.5

ud. u

(5) As AR 12 oA Yot ol 321 8. Al A AR oll stledicll 8ot Slrs2
uglell 0 .
slolot oll @Ol gyucdl (C)= 84%
sleglaretall elol el (H)= 10%
Aol el gAML (M)=0.3%
Al AlaRBL of dltuMlet = 35°C
$&3] U] clluHlei= 190°C
SRELA of YL aldtagui = 0.023kg/kg of dry air
GCV gpeul = 9,600 Keal/kg
ASARe AUlo] dluMiet = 85°C
A, gle $&3) A e = 0.23kCal/kg °C
A dle Yur [@2s arin w2 =0.45kCal/kg °C
HI A 9lY 5@ A = 25.36kg/kg of fuel
USYUA HIA WS AR Awclu=22.49kg/kg of fuel
R$|A et AA soA5UA A= 0.32%
YRl €80l o Al adl A = 0.02%

(@)

In a double pipe heat exchanger hot fluid is entering at 220°C and leaving at
115°C. Cold fluid enters at 10 deg ¢ and leaves at 75°C. Mass flow rate of hot
fluid 100 kg/hr, cp of hot fluid 1.1 kcal/kg°C. Cp of cold fluid 0.95kcal/kg°C.
Calculate LMTD i) If the flow is parallel , ii) If the flow is counter current.

(W) SHUA WS 8l NtAoUL IRH Yallgl 220°C A EMHA U Aol 115°C Gla1R
ols 8. 63 Yallél 10 °C UR ELHUA US Ml 75°C dAlUMLlal 6181 o{ls0 8.01H,
Yaldl 12 HI $EAl 22 100 kg/hr, 9RM Yalldl Hi2 cp = 1.1 keal/kg°C, 65l Ycllél
U2 cp =0.95kcal/kg°C & Al o{lAstl (33U WS LMTD 0. 1) WAA sl 2)
51612 sl

(b)  During the reciprocating air compressor testing following parameters are
measured calculate Isothermal Efficiency.
Flow coefficient : 1 Temperature before the nozzle 40°C

Nozzle diameter : 0.08 metre Pressure drop across the nozzle:

0.036 kg / cm?

Receiver Pressure: 3.5 kg / cm? Gas constant : 287 Joules / kg K
Inlet Pressure: 1.04 kg / cm? Motor input power :100 kW
Inlet air temperature: 30°C Motor and drive efficiency :86 %

Pressure before nozzle:1.08 kg / cm?

() RANZIoL LY URaAL 22101 £ 2ltet el el WRHle? Hiudl ol A{l
BHAHA D, A A 12 2030t SLYUReAL WS URHA sLAE &Ll
0.

Sl UAN(S: 1 ABEA USEL of cllUHLat :40°C
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©)
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B oll U : 0.08 metre ABA WA AUq YAR U : 0.036 kg /

cm?
AAlaR of evuel: 3.5 kg / cm? A AUUNLS : 287 Joules / kg K
8olA2 €GBl 1.04 kg / cm? Hl2R Patye UlaR :100 kwW
8atAe &cllo] llUHLat : 30°C HleR wal slefaoll stletHdl 86 %

B USCL] EGIRL :1.08 kg / cm?

What are the various instruments required for performance evaluation of
compressed air systems by nozzle method?

SRS AR e UMl Aloset AeUS URSM o SARJMAA M2 AURLAL Y ELYEL
AlYolloll ol Rl

Explain fouling factor and state factor affecting on it.
Slelol 3522 AHASA AUl Aal HUR Sl UR GO AW,

03

03

03
03



