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GUJARAT TECHNOLOGICAL UNIVERSITY

Enrolment No.:

Diploma Engineering — SEMESTER - 6 (NEW) - EXAMINATION — Summer-2024

Subject Code: 4361908
Subject Name: Thermal Systems and Energy Efficiency

Time: 10:30 AM TO 01:00 PM

Instructions:
Attempt all questions.
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Make Suitable assumptions wherever necessary.
Figures to the right indicate full marks.

Use of programmable & Communication aids are strictly prohibited.
Use of non-programmable scientific calculator is permitted.

English version is authentic.
Printed Data Sheet is Allowed.
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Write down the points for energy conservation in the Domestic

Refrigerator.
tRe11 351793241 GOl ciUlalall Hietl Ye Ll duil.
Explain point of increasing furnace efficiency using ceramic coating.

AlRUMs 512100 dula egledl silamdl 3dl d quiz]l sl Al Yel

yHosdl.

Following data are available for shell and tube heat exchanger.

Correction factor as 0.977

Parameters Units | Inlet Outlet
Hot fluid flow,W kg/h 719800 | 719800
Cold fluid flow, w | kg/h 881150 | 881150
Hot fluid Temp, T | OC 145 102
Cold fluid Temp,t | OC 25.5 49

Take

Calculate: (i) Heat duty for hot and cold fluid (ii) Capacity ratio (iii)

Effectiveness (iv) LMTD for counter flow and (v) Corrected LMTD

e wal R €l WedxR Y12 oflAsil 521 Guaoud 8. 53520e1 5522 0.977 dl.

yRuIRN Yl | peide 1G2d2
ARHYdLElLW kg/h 719800 719800
b udlel, w kg/h 881150 | 881150
ARH UdlEls oc 145 102
dluHlel, T

st udlsle] oc - 4
dlUHlet, t '

QA s (i) ARM WA bSL ualel Hleq ¢le s¥2l (i) SUALZ] Wil (i)
WAHSI5AL (iv) LMTD sl (v) 535S LMTD.
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Following data are available for an air-conditioned restaurant.
Outside design condition: 41.9°C DBT, 27.1°C WBT

Inside design condition: 26.7°C, 50% RH

Size of restaurant: 20m x 15m x 4m height

No. of air change per hour: 2

Opening and closing of door per hour: 3

Use factor: 3

Air ventilation required per person: 0.48 m*/person

Humidity ratio for outside and inside are 16.6 and 11.1 respectively.
Max. capacity of restaurant: 100 persons

Calculate: (I) Total infiltration in m3min (1) Ventilation Required in
m3/min and Total load due to outside air.

A5 w5525 2R U2 «lAell 321 Gudoy B,
W&lRell dldlaRWls{] (Rel(d: 41.9oC DBT, 27.1°C WBT
uigRe1l dldlcRlefl RRufd: 26.7°C, 50% RH
221024l AULHH : 20m x 15m x 4m GRILY
R Yooye{] AuAl Uld sELS: 2
ed(%lell Wadlsil A oiy d i) €2 Uld 56Ls: 3
Y 5522 : 3
o3| AR A[2A2lst Uld cU5d : 0.48 m3/person
WEIRell Wl BeRell dldlaRlel gHIISE] R W sH 16.6 Wl 11.1.
2Re2ef] HedH 3U(A2] : 100 e[Sl
el: (1) §6 ©e1(562321st m3/min (11) W3] A(2@2lel m3/min Wl WEIReil
&dlsil dl8 ed) 54 dls
Draw a Sankey diagram for following data:
(i) Heat Output:40% (ii) flue gas loss:35% (iii) wall loss: 10% (iv) cooling
loss:10% and (V) stored heat:5%. Take heat input as 100%.
o1l 321 11 Aes] SIAIAM €R).
(1) €le AL1Baye: 40%, (2) §9 A4 dlA: 35% (3) eldigHiell dld: 10% (4)
5411 Al 109% wal (5) AASld €l2:5%. vl Ele Fe1y2100% 4l
Explain the construction and working of inverted bucket type steam trap
with neat sketch.
"a{més W32” UslRell WIH 2Usfl 51 el 14 U5l of wLsd gLl dRlet
5.
The following measurements taken for the calculations of a double inlet
fan in a palletizing plant.
Voltage: 6600 V, Current: 220 amp., Power factor: 0.9, Efficiency of the
Motor: 94%, Transmission Efficiency: 100%, Volume of air: 166.6 m®/Sec
and Total static pressure: 491 mmwc.
Calculate (i) Power input to the motor (kW) (ii) Power input to the fan
shaft and (iii) Fan Efficiency %
Udaleslol Wieesl sud ©ed2 dol (Uwl)ell AQdIl Hie «{lAstl 3l
Hoddyiu1d 8.
d1e2%: 6600 V, dloyudls: 220amp, UldR 3523: 0.9, Hleeil sRI&tHdAL: 94%,
2loHlelel sIRI&HAL 100%, Sdlo] 5&: 166.6 m¥/Sec W §6 215 (el-{l)
£418l: 491 mmwe 8, dl (i) Hleel HUld] UldR (i) Uil 2llsea 4Uldl
UldR w4 (i) Uwdlefl stleiudl il

OR
Write down the steps to calculate the cooling load in general.

54121 d)Sefl AR SaAL HISall UlH IR Y (Uel) dul.

Explain in brief about minor energy savings in steam distribution system
214 SIRElej2lel (R1RHMI HIB12 Gl (Ud (AN gsHi AHdl.

07

o9

03

o3

04

oy

07

V)

03

o3
04



Q.3
usl3

(©

(%)

@)
G
(b)

(“)

Following information are available for office in a building.

1. Inside design condition: 26°C DBT and 50% RH

2. Outside design condition: 40°C DBT and 28°C WBT

3. Size of room: 10m x 10m x 3m height

4. No. of occupants: 25

5. Area of glass in a room: 10m?

6. Overall heat transfer co-efficient of glass is 6 W/m? K and its shading
co-efficient is 0.55

7. Ventilation required per person: 0.56 m®/min

8. Take SHGFp = 180.4 and SHGFa = 147.2

9. Air change per hour for three side wall (Infiltration factor) is 2

10. Humidity ratio of outside and inside air is 22 gm/kg and 11 gm/kg
respectively.

11. Opening and closing of door per hour per occupants is 3

12. Use factor of door is 3

13. Convective and Radiative co-efficient for glass is 42 and 58
respectively.

Calculate: (1) Solar load through glass (Sensible) (2) Wall infiltration

(3) Infiltration due to door opening

(4) Ventilation required in m3/min and

(5) Load due to outside air

A5 ((es]olef] 20514 HIR «(lAAl HiSldl Guaoy B,

1. ¥igRs(l Slb1eel $S121el: 260C DBT el 50% RH

2. 68 Refl SlobL®et 5S121Let: 400 C DBT el 280 C WBT

3. eHe{l U1825: 10m x 10m x 3m GIULE

4, HIQR\eAl ul: 25

5. U sl AU (&A=450): 10m?

6. 24 [Asll g €l 2leus sl-A 81U 6 W/m2o K w4 dell 2SIl
sluIsllUs 0.55 8.

7.ds21Q2lelo(] %3 Ald Uld HILIRA : 0.56 m3/min

8. SHGFp = 180.4 ¥l SHGF, = 147.2 @\,

9. 02 Ao Uld 5ELS (B5lE22U1 $52R) 2 .

10. W&Refl W vigrs(] edlefl gHlSIZ] 34U W50 22 gm/kg W 11
gm/kg 8.

11. WRQL WG-y dlel] €2 Wld 5aLs Uld 1IR3 8.

12. WRBLIe Y 3522 3 B,

13.26 1 HI2 5ed52ld Wal 35121 d sl 81{lue2 W5 42 and 58 D.
SISIEIERIE

(1) ddlH el UAIR Ud) AldR dls (Aet{lud) (2) elataulel] ad esleled
(3) £d19%) Wlddl g BeslLlet

(4) %3] 4521A2lel m3/min A

(5) WelRel sdla 5128l Gedddl €S

List energy efficiency measures for Boiler performance

o562 HI2 NeiosT W1l Ul Hiued] AlE] odstid),

In an oil fired furnace, stock is charged through an open door of 700 mm x
650 mm size having wall thickness of 375 mm. The furnace temperature is
1250° C and black body radiation is 30 kCal/cm?/hr. The calorific value of
oil is 9900 kCal/kg. Calculate energy lost by radiation through open door
and energy loss in terms of oil consumption. Take emissivity as 0.8 and
radiation factor as 0.71.

A5 W18 §1US SAUHL, Wl £ 1%le] HIU 700 mm x 650 mm el 2SI
375 mm 8, Beil GIRL w1 dAlHdlHi 411 8. Mglef dlUHlel 12500C & s
«@s {15l 3S1M2let 30 kCal/cmz/hr 8. H18dsil 36131515 A®) 9900 kCal/kg
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8. Wadi edlo glrl 1A 1] adl Goslell cud dHoy Golell Uy
I\ oeetl dqulQlell Aee{Hi 20b) WH1d12] 0.8 e 381211 3522 0.71 4.
The amount of carbon, hydrogen and sulfur in a coal used in a boiler is
86%, 9.9% and 4.2% respectively. GCV of Coal = 10000 Kcal/kg
Enthalpy of Steam = 670 Kcal/kg
Amount of Oxygen in flue gases = 5%
Amount of Carbon Dioxide in flue gases = 10 %
Flue gases temperature = 220°C
Ambient Temperature = 27°C
Humidity = 0.018 kg/kg of air
Determine, (1) Theoretical amount of air supplied (2) Additional amount
of air supplied (3) Actual amount of air supplied.
A5 GlOE Ui dULdl SIGUIHL 516{et, SLES\o¥e1 WA AEs e UHIRL
Bio5H 86%, 9.9% el 4.2% B,
s1d L «il GCV = 10000 Kcal/kg
d2101 ol WeRIAL] = 670 Kcallkg
§& AU | M\ [su%ele] UHILL = 5%
5 AU 5104el SIASULESe] UHIRL = 10 %
§& AU dlulel = 220°C
dldleRle] dlUHlel = 27°C
sdlHi e &% = 0.018 kg/kg of air
(1) H1OER HIS e UlTegilds sdlell el () AINE dyiRe(] edl
sl eel] Asl (3) WIWR MU M| Hldd] edlefl aseel] 211t
OR
State advantage and Disadvantage of Direct Method for boiler.

960l UL Adell Sl Ao ARSI wRLLd).

Following information are obtained during boiler testing. Calculate the
boiler efficiency by direct method.

1. Quantity of steam generated = 8000 kg/hr

2. Steam pressure = 9.8 bar and temperature = 180° C

3. Feed water temperature = 85° C

4. Quantity of coal consumed = 1600 kg/hr

5. GCV of fuel = 16720 kJ/kg
A5 616601l 221 LWL lAefl Hilsdl HA B, ollSaRedl A gl{lui]
(SlAeiHdl) Uctel Uex(defl o).

1. ¥4 Gllesisil ose2ll = 8000 kg/hr

2. ¥%2|Hs] £M18l = 9.8 bar 3 dlUHlel = 1800 C

3. §lsdlers dlutlet =850 C

4. SlE¥lell dURIRledl €2 = 1600 kg/hr

5. WodQlell A 361815 AR = 16720 k] /kg
Explain the need of energy conservation and briefly explain the saving of
fuel in a domestic energy consumption.
God iulddisll weIAld (AN Yuod)l WA eell Gl dURAAHI HO1dBl
oA lddl (AN &sHi qHendl,

List the various losses in boiler.
W80l el el Yol YLE] Waildl,

The compressor is operated with following data.
1. Flow co-efficient: 1
2. Receiver pressure = 3.5 kg/cm?
3. Nozzle diameter =0.08 m
4. Inlet pressure = 1.04 kg/cm?
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Inlet air temperature = 30° C
Pressure before nozzle = 1.08 kg/cm?
Temperature before nozzle =40° C
Pressure drops across the nozzle = 0.036 kg/cm?
9. Assume Gas constant = 287 J/kg° K.
Calculate
(i) Free air delivery (FAD) in m%hr and (ii) Isothermal power

NG

A5 SR AU 34 1ol o[ Aol | 321 Gudey 8,
1. &4l sl-Agleilaee =1
AldR £18l = 3.5 kg/cm?
sll€eell Y = 0.08 m
8182 £6418l = 1.04 kg/cm?
elwg el edlef dluHlel = 300 C
o116 UGlls] €641l = 1.08 kg/cm?
o116 UGlls] dlUHlel = 400 C
1A €18l d§ldd = 0.036 kg/cm?
9. Y134l Y HYAN[S = 287 J/kge K
1Lz 521, Q) sl 22 (saazl (FAD) N
(i) AApAlUHd Uld
What is “Steam-trap”? What are its Functions? State the type of steam-trap
and explain anyone with a suitable sketch.
W@IH-2U” 9] 87 deil ST ) 87 RIH-2UstL USIRL ¥l1cl A 1M (8] Slguwl
A5 WIsld gl1AHd

O NS W

OR
List the opportunities of saving energy in an Air compressor.
AR ST Gl wlulddl MIR &8¢ dSlefl UIE] el
What is Air-Filtration? State the methods of finding it and explain it with
an equation.
AR-gle2Qlel 9 8?7 da Qludlefl uetdladlell ot AU A d Yot w18
yuetdl.
Following data pertain to a Compressor.
Motor input power = 85 kW
Flow Coefficient = 1.0
Nozzle diameter = 0.075 m
Inlet Pressure = 1.035 kg/cm?
Inlet air temperature = 30 °C
Receiver pressure = 4 kg/cm?
Pressure before nozzle = 1.05kg/cm?
Temperature before nozzle = 40 °C
Pressure drop in nozzle = 0.035 kg/cm?
Gas Constant = 287 J/kg°K
Determine
compressor flow rate,
isothermal power,
isothermal efficiency and
specific power consumption.

{13 uldd SBHUURAl (Ao1dl uell SDU sdl 32, wlsAlaHd uld?,
pAleHd A 5llUe] 24 WALSLS UldR 23Ul 201k,

Y12 gelye UldR = 85 kW

sdl slosleilie = 1.0

€ ol Ul = 0.075 m
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B182 €018l = 1.035 kg/cm?
8e182 &dloj dlUMlel = 30 °C
A{laR VAR = 4 kg/em?
o116 Udlls] £0118l = 1.05kg/cm?
o116 UGl dlUHlel = 40 °C
oAl3EH ] Ul VAR SIU = 0.035 kg/cm?
AU WY = 287 J/kg°K
State the Factors affecting the efficiency of furnace.
selyefl R g1A1A] (sIRI&HALA AU Sl UTlwoll quid).
The inlet and outlet temperature of hot fluid remains 140° C while cold
fluid temperature increases from 25° C to 85° C for counter flow heat
exchanger. Calculate LMTD and corrected LMTD if correction factor is
0.92.
A5 51622 sl Sle W suY%R HIe AM UdIElef elwWd g o WeElR «flsng
dAlUHlsl 1400 C AUN E B, U 651 UdlSls] dluHlel 250 € &l diflal 850 ¢
Y 8. LMTD 21t 4ol %) $3520e1 5522 0.92 €1 dl 535S LMTD 2114\,
Define following terms.

1. Ton of Refrigeration

2. Refrigerating effect

3. Coefficient of Performance

4. Energy Efficiency Ratio
Also, show the relation between COP, EE and kW/Ton of refrigerating
system.
o1t Ueleil cylul 24 ).,

1. 2a ¥lsslo2Us

2. glxeI vkse

3. slAglluee s usii-y

4. Wt A s1{lus{] 324
3| GURid, 35192101 (@M HI2s1l COP, EE and kW/Ton dlsi] oidl g21(d).

OR

Define LMTD for heat exchanger.
Write-down the equation of LMTD for parallel flow and counter flow with
diagram.
€le e HIeell LMTDeil culuddl AUl URed §6l W 516022 s4l Hids)
LMTD o 342 15(d £13] qudl.
Calculate furnace efficiency by indirect method with the following data.

M Sensible heat loss in flue gas : 45.55 %

(i) Moisture is 0.15 kg/kg of fuel oil

(iii)  Flue gas temperature is 750°C & ambient temperature is 40°

C

(iv)  Loss due to evaporation of water from Hz in fuel: 9.13 %

(v) Heat loss due to opening : 5.56 %

(vi)  Heat loss through skin : 2.64 %

(vii)  GCV of fuel is 10000 kCal/kg

(viit)  Unaccounted losses : 10.76 %.

ofldell S2l1u{lell GUALIL s e1gl Uil Wsl{lusr{]l FesieRse uen (el
NI

0 4 R Aslud Sle 4l : 45.55 %

(i)  &Ye Ui USR] UMIRL: 0.15 kg/kg of fuel oil

(i)  §9.9¥e] dlUHlel 7500C A dldldRRls] dlUHlel 400C

(iv)  SydHicll H2o] UIlHi ailetdst adi €l 4ld:9.13 %
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(v)  dueilarel s1R6 adl €le 414 : 5.56 %
(vi)  Sleuiell adl €le dld: 2.64 %

(vi)  §46il 5d11(s5 AL 10000 kCal/kg
(vii) e 414l : 10.76 %.

Calculate the Net refrigeration Capacity (TR) and kW/ton rating with
following data:

1. Temp. of refrigerant entering the evaporator: -1°C

2. Temp. of refrigerant leaving the evaporator: -4°C

3. Refrigerant flow-rate: 13,200 kg/hr

4. Power input to compressor: 39.5 kW

5. Specific heat capacity of refrigerant: 2.34 kCal/kg°C

o [As{] Hilsd] uell A2 Igla321el 5U{12] (TR) Wl kwW/Ton 211l
1. SAUIReMi elwd Udi3§l%e2s] dluHlet: -1°C

gaulReMiell sl «ilsndl 2glosRe2e] dluHlsi: -4°C

281%25e41] 56132 : 13,200 kg/hr

SRR ¢IR1L AdLdl UldR: 39.5 kW

Rglosreeqd] A1SLs ele 5U2l: 2.34 kCal/kg°C

aprown

Table-1
Pressure | Temp. Specific Enthalpy kJ/kg
bar °C Liquid hs | Sat. Evap. hsg | Sat. vapour
hg
9.6 178.73 754.9 2019.9 2774.8
9.8 180.0 759.0 2016.7 2775.7
10.0 179.97 763.0 20135 2776.5
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