Uka Tarsadia University (Diwaliba Polytechnic)

Diploma in Chemical Engineering

Assignment (Heat Transfer)

Unit-1 HEAT TRANSFER BY CONDUCTION

Answer the following.

1)

2)

3)

4)

5)

6)

Derive an expression for flat plate with variable thermal conductivity ‘k’
sA2 W2 M2 UAd UMA 50558\ llElof Al5R0L iRl

Draw and explain the chart of optimum thickness of insulation.

wclles UELLo(l A6 usLe eAladll AL 13 umestal.

88 mm O.D. pipe is insulated with a 50 mm thickness of an insulation having mean thermal
conductivity of 0.087 W/mK and 30 mm thickness of an insulation having mean thermal
conductivity of 0.064 W/mK. If the temperature of the outer surface of the pipe is 623 K (350°C)
and the temperature of the outer surface of the insulation is 313 K (40°C), calculate the heat loss
per metre of the pipe.

¢¢ LMl slslRell iy URleldl waltgsell atsies %l uo HlHl &l Aol ctgsdl 0.0¢9
W/mK el aellgsell ostste %l 30 HLHlL sladl dell ctgsdl 0.05¥ W/imK 8. %l weus{l
WERe] lUHlel 23 K (3U0 °C) ol Aallgse(l lglRe] cdluHlel 393 K (¥0 °C) ladll
Hl22€ls wesuniell adl Guicau Al g wsla

Explain Fourier’s law of heat conduction.

GWHLASat (50552l0l) HI2 SRR RauH yHestal.
Derive an expression for heat flow through a sphere.
ONOU HI2 BB YR AHL50L cll.

A 50 mm diameter pipe of circular cross section and with walls 3 mm thick is covered with two
concentric layers of lagging, the inner layer having a thickness of 25 mm and thermal
conductivity of 0.08 W/mK and the outer layer having thickness of 40 mm and a thermal
conductivity of 0.04 W/mK. Estimate the rate of heat loss per meter length of pipe if the
temperature inside the pipe is 550 K (277°C) and the outside surface temperature is 330 K (57°C).
k for pipe is 45 W/mK.

As WSUeAl USDEA i U0 HLHL B ual wiesu (& auctoll oststes 3 HLl 8. a wesue{l
$A A5 ULl A5 AH A R WA 8. BEReAl ctRe{l aststes U HlLHL wal Aell clesAl




0.0¢ WImK %R wlRell ctRe{l astste ¥0 HlL.Hl wa Aol cllgsdl 0.0¥ W/mK. %1 ¥U
W/mK  GuHlallesdl URladdl WesUell digRe(l AWdlej dluMlot YU0 K (R99 °C) A
wslRe{l AULdle] dluHlet 330 K (U9 °C) 8lat dl M2 cousels wsuHiell adl Guicat
el

7) Explain conduction in detail with examples.
GWLclgol (50552l0t) GEIEN UBA AH LA

8) Derive an expression for heat flow through a cylinder.
SLOUSIR HI& GBI YAR0Le] AH|5R0L Rl

9) Itis necessary to insulate a flat surface so that the rate of heat loss per unit area of this surface
does not exceed 450 W/m?. The temperature difference across the insulating layer is 500 K
(227°C). Evaluate the thickness of insulation if the insulation is made of asbestos cement having
thermal conductivity of 0.11 W/mK.

sA2 AUl UR AsH AAsN €ls Gulcaoll €2 450 W/m? &l cllR of UlA A HE2 A2
AULEL UR ualles US UlcallHl HUA . Aalss US M2 dlUHlelell dslad 500 K (227°C)
8. %91 0.11 W/imK g2l add 50558l lé] uRladl A1 RN 2l2q] vclles Uus 8l dl
Ao{l eststesell ottt 52U

10) Explain thermal conductivity for heat conduction.
GuHLcdet (505 52el) HI2 AHA 50552 llElo{l 1uls(q vl

11) Derive an expression for compound resistances in series/ conduction though a composite plane
wall.

AT AL AANB A WA HI2o] UH15R0L LR

12) It is necessary to insulate a flat surface so that the rate of heat loss per unit area of this surface
does not exceed 500 W/m?. The temperature difference across the insulating layer is 450 K
(177°C). Evaluate the thickness of insulation if the insulation is made of asbestos cement having
thermal conductivity of 0.84 W/mK.

sA2 AULEl UR AsH A2As0 €ls Buicuuall €2 500 W/m? &l ctllR of Ul A HIR $A2
AULEL UR Aalles US UM HA 8. AUES US M2 cdlUMHlolall dslald 450 K (177°C)
8. %1 0.11 W/imK %2l add 50558lld] uRladl A4 RN 2l2q] vclles us 8l dl
Aoll atstesell ottt s

13) Explain the characteristics of insulating materials.
wclles Ueldle(l WiRAA (ctet@ s cul.

14) Derive an expression for plane wall with variable thermal conductivity ‘k’.
AHAA HER UAA ad 505521 llEle] UMlsR0L ARl

15) A hollow sphere has an inside surface temperature 573 K (300°C) and an outside surface
temperature 303 K (30°C). Find the heat loss by conduction from the sphere having an inside
diameter of 50 mm and outside diameter of 150 mm. Data: The thermal conductivity of the
sphere material is 17.45 W/(m.K).

WL 0ot A€ el @dto{l AULdlej dlumlet 573 K (300°C) ¢l wglRail etotell Auiéle]
lUHLel 303 K (30°C) 8. %1 WG Q0oL HE e Ul 50 mm el ¢slRell Ul 150 mm




8lal Al GuHLcEel (505 52Lel) Gl Al Guicatal L Set: dNoe{l uld 505581 ldl 17.45
W/(m.K) 8.

Unit-2 HEAT TRANSFER BY CONVECTION

Answer the following.

1)

2)

3)

4)

Give explanation about convection.
GaH(ot2dot (A AL

Air at a temperature of 623 K (350°C) flows over a flat plate 0.4 m wide and 2 m long at
a velocity of 9 m/s. If the plate is to be maintained at 451 K (178°C), calculate the rate of
heat to be removed continuously from the plate.

Data: properties of air at mean temperature are:

Kinematic viscosity = 3.90 x 10* m?/s

Thermal conductivity = 36.4 x 10° W/mK

Npr = 0.69

0.4 m uslull Ual 2 m cioll A2 A2 Ul 623 K (350°C) cllUMlol Wl 9 m/s il
QoL eall UAIR AUl B. %l LA_e] cdlUuMlet 451 K (178°C) B2 staclellHi 41 ll
Al A Y5t Ul Gulall €2 20 Y.

Sat:

URRAU AlUHLA scltoli oyRLuH]:

5I8AARS RalouUdl = 3.90 x 10™ m?/s

G2 clesdl=36.4 x 10° W/mK

NPr =0.69
Describe the types of convection.

GeHlotdototl YsiA colal.

Air at a temperature of 523 K (250°C) flows over a flat plate 0.3 m wide and 1 m long at
a velocity of 8 m/s. If the plate is to be maintained at 351 K (78°C), calculate the rate of
heat to be removed continuously from the plate.

Data: properties of air at mean temperature are:

Kinematic viscosity = 3.90 x 10 m?/s

Thermal conductivity = 36.4 x 10° W/mK

Npr = 0.69




5)

6)

7)

8)

9)

0.3 m uslufl Aal 1 m cioll A2 W2 Ul 523 K (250°C) cllUHlel Wal 8 m/s el
QoL sall UAUR A B. % WAz} clUMlet 351 K (78°C) B2 starclelHi wld Al
Al A Y5 Al Gulell €2 Y.

Sat:

URRAA AlUHIRA seltatl ALl

sl8ANR S Ralotcll = 3.90 x 10 m%/s

Gu{la clesdl=36.4 x 10° W/mK

NPr = 0.69
Differentiate between free convection and forced convection.

Y5 GuHlollol Wl WA GWHLotlol ARl dgleld AVl

Determine the heat transfer coefficient for water flowing in a tube of 20 mm diameter at a
velocity of 6 m/s. The temperature of the tube is 301 K (28°C) and water enters at 357 K
(84°C) and leaves at 313 K (40°C). Use Dittus- Boelter equation.

Data: Properties of water at 331 K (58°C), i.e. at the arithmetic mean-bulk temperature
are:

p=984.1 kg/m’, Cp=4187 J/kg K, 1 = 485 x 10° Pa.s, k= 0.657 W/mK, Viscosity of
water at 297 K (24°C), pw = 920 X 10° Pa.s.

Formula used for Dittus-Boelter equation:

Ny = 0.023 (Nge)®® (Np)2

Npr = Cpu/k

20 mm cal Yedcdl 2emi 6 m/s ol Aotell wiell uAR WA & Al Gl YAR0L
USRS WL, 2feta] dlUMlet 301 K (28°C) B. SYuHi etHet Ul WRlle] dluMtet
357 K (84°C) ol welR [Asncl willej cluMlet 313 K (40°C) B. slgd ollceR
UM 5200 GULDL $2A.

321: 331 K (58°C) cllurial wiRlleti apetudil o{lA ool &.
p=984.1 kg/m®, C,=4187 J/kg. K, u =485 x 10° Pa.s, k= 0.657 W/mK, 297 K (24°C)
dtuHtal WRllell Ralotdl py = 920 x 10° Pa.s.

Slet olce? UR S0 Ny = 0.023 (Nge)®® (Npr)*3

NPr = Cpu/k.
Explain about heat transfer coefficient for convection.

G¥H(oldol HIZ GBHL Y0 U&2LRLs (A uMestal.

Draw the neat sketch for the temperature gradient in forced convection and explain it.
oA G¥HLotlot HI dlUMHLel YUce! € 2ladl aus(d €131 unestal

What is fouling factor ‘Rd’? Explain it with example.

$1GcloL 3522 ‘Rd> WA 9)? GELSQL UB UHsLA.




10) Determine the heat transfer coefficient for water flowing in a tube of 16 mm diameter at a
velocity of 3 m/s. The temperature of the tube is 297 K (24°C) and water enters at 353 K
(80°C) and leaves at 309 K (36°C). Use Dittus- Boelter equation.

Data: Properties of water at 331 K (58°C), i.e. at the arithmetic mean-bulk temperature
are:

p=984.1 kg/m’, Cp=4187 J/kg K, 1 = 485 x 10 Pa.s, k= 0.657 W/mK, Viscosity of
water at 297 K (24°C), pw = 920 x 10°° Pa.s.

Formula used for Dittus-Boelter equation:

Niu = 0.023 (Nge)>® (Npr)*?

Npr = Cpu/k

16 mm el upddl sYotui 3 m/s ol Aotell wigll R a2 8 dl Gwl YRl
USRS M. eYsio] dAlUHLel 297 K (24°C) 8. 2YotHi ElHA Ul WRlle] cdlumiet
353 K (80°C) ol wslR [sccl uelle] diuHiet 309 K (36°C) 8. Slgdt ollee?
UM 50 GuNL 53,

32l: 331 K (58°C) cltudial Walloti opetetall o{lA Yo 8.
p =984.1kg/m®, C, = 4187 J/kg.K, n =485 x 10° Pa.s, k= 0.657 W/mK, 297 K (24°C) clluHlal
WQ(lo{l Retottetl py = 920 x 10° Pass.

Slet cleer UM SRQL Ny, = 0.023 (Nre)*® (Npy)*?
NPr = Cp“/k.

11) Explain about free convection and forced convection.
Y5cl GrHlotol A Gl GWHlotot [AA AU A

12) Determine the heat transfer coefficient for water flowing in a tube of 25 mm diameter at a
velocity of 8 m/s. The temperature of the tube is 300 K and water enters at 355 K and
leaves at 310 K. Use Dittus- Boelter equation.

Data: Properties of water at 331 K (58°C), i.e. at the arithmetic mean-bulk temperature
are:

p=984.1 kg/m’, Cp= 4187 kg K, 1= 485 x 10 Pa.s, k= 0.657 W/mK, Viscosity of
water at 297 K (24°C), pw = 920 x 10°° Pa.s.

Formula used for Dittus-Boelter equation:

Ny = 0.023 (Nge)®® (Npy)%?

Npr = Cpp/k.




25 mm <Al YRleldl el 8 m/s ot Aotell Wl uAR aa & Al GuHL YuRKl
USRS L. 2Yolof dlUMlet 300 K (27 °C) 8. 2yelHi elHA AUl WRlle] dlumiet
355 K ol 61812 [@sacl wiglle] dluHiet 310 K (37 °C) B. Slgt clleeR UM s0Lell
GualloL $2A.

321: 331 K (58°C) cltuntal wielleti optull oflA oy 8.

p=984.1 kgm®, C, = 4187 J/kg.K, n =485 x 10° Pa.s, k= 0.657 W/mK, 297 K (24°C) clluHlal
wRlell RalouAL pyy = 920 x 10 Pas.

Slet cllee? UMSRQL, Ny, = 0.023 (Nre)*® (Npr)°3
Np, = Co/k.

13) Air at a temperature of 640 K flows over a flat plate 0.5 m wide and 2.5 m long at a
velocity of 10 m/s. If the plate is to be maintained at 460 K, calculate the rate of heat to
be removed continuously from the plate.

Data: properties of air at mean temperature are:
Kinematic viscosity = 3.90 x 10* m?/s
Thermal conductivity = 36.4 x 10° W/mK

Npr = 0.69

0.5 m udloll wal 2.5 m cioll sA2 1Az UL 640 K clluMlel Aol 10 m/s il AoLell
Sl UAUR AU 8. ol W@A2q] cllUHLel 460 K B¢ starclallHi A dl @il A
Ysct Ul Gl €2 2.

$2l: ARRAA AlUHLA gclletl 2R

518aAN(25 RAdUAL = 3.90 x 107 m?/s

Gl cllgscll=136.4 x 10° W/mK

NPr = 0.69

14) Discuss about fouling factor.
s1Gclot 3522 (A ul 53,

15) Discus about heat transfer coefficient for convection with equation.
U150 A BH(oladol HIZ2 GBHL YAURRL USRS (AN uul 53,

16) Write down application forced convection and natural convection.

Y5l GuHlotlol Bol Gt G¥HLotRlotoll GURNDN cul.

Unit 3 HEAT EXCHANGERS

Answer the following.




1)

2)

3)

4)

5)

6)

Write down the different steps for transfer of heat.

GuHlotl YRel 12 QAu U Al

Draw the neat sketch fofffffr counter current flow heat exchanger.
51Go2R Yclld dle WA R0{l 2269 gl €1RL

It is desired to heat 4450 kg/h of cold benzene from 300 K (27°C) to 322 K (49°C) using hot
toluene which is cooled from 344 K (71°C) to 311 K (38°C). The specific gravities are 0.88 and
0.87 respectively. A fouling factor of 1.60 x 10™ (m*K)/W should be provided for each stream.
Calculate the individual heat transfer coefficient based on outside area?

Data:

i.d. of inner pipe = 35 mm

0.d. of inner pipe = 42 mm

i.d. of outer pipe = 52.5 mm

Physical properties of benzene and toluene at the average/mean temperatures are:

Property Benzene Toluene
C,, kJ/(kgK) 1.779 1.842

k, WimK 0.147 0.157

W, ka/ms 4.09 x 10* 5.0 x 10*

JIRM AyBelal 344 K (71°C) &l 311 K (38°C) 6§ ULSlal AleHatal 300 K (27°C) &l 322 K
(49°C) 9IRM scll HI2 4450 kg/h B2l GuHloll %32 U &. AlRetoll VAR5 A(A2) 0.88
U ARBeto(l WRSs AAE 0.87 B. €35 Uclls HI2 $I1G(EAdL ¥522 1.60 x 10 (MK)/W
B2l YA WSCUM AA 8. slRell AASOA BUULR et 2elcint BB YW Ue JRlLs 0.
Sal:

V€l WUl vlER0 cll: 35 mm

UE Rl WBUA 0oLl cUlM: 42 mm

GELRatl WUl AE WA U 52.5 mm

ARALU AUHIA Dol Wl AcyBotatl ARIUML o{lA Yosou B

S ECE oot At
C,, kJ/(kgK) 1.779 1.842

k, W/mK 0.147 0.157

u, kg/ms 4.09 x 10™ 5.0 x 10"

Define the terms: (Any Six): 1) Condenser, 2) Cooler, 3) Chiller, 4) Exchanger, 5) Heater, 6)
Reboiler, 7) Evaporator

cRLLURAL AU (SLBURL §) : 1) 56deUR, 2) §ER, 3) RIAR, 4) WA, 5) 8leR, 6) RullBER, 7)
gaAUlReR

Explain about fins tube heat exchanger.

Bt 2ot fle AseAx2 (A UHAAL

It is desired to heat 5450 kg/h of cold benzene from 303 K (30°C) to 325 K (52°C) using hot
toluene which is cooled from 344 K (71°C) to 311 K (38°C). The specific gravities are 0.88 and
0.87 respectively. A fouling factor of 1.60 x 10™ (m*K)/W should be provided for each stream.
Calculate the log mean temperature difference and amount of heat transfer?




Data:

i.d. of inner pipe = 35 mm

o0.d. of inner pipe = 42 mm

i.d. of outer pipe = 52.5 mm

Physical properties of benzene and toluene at the average/mean temperatures are:

Property Benzene Toluene
Cp, kJ/(kgK) 1.779 1.842

k, W/mK 0.147 0.157

W, ka/ms 4.09 x 10" 5.0 x 10*

JRU Aol 344 K (71°C) &l 311 K (38°C) 65 ULSlal AleDetal 303 K (30°C) &l 325 K
(52°C) 91RM 52l HI2 5450 kg/h B2l GuHiell %32 U B. AlHetoll AR5 A2l 0.88
U ARtetoll WRSs AAE 0.87 B. €35 Uclls Hi2 $1G(EAdL ¥522 1.60 x 10™ (MK)/W
B2l YA WSCUML WA B, LMTD el YAWQL WHAL Eo{l o1t 5.

al:

B E el WUl vlERw cAulM: 35 mm

Vel WUl 618lRall Ul 42 mm

oldlRatl WUl ALEw Ul 52.5 mm

ARRALU AUHIA Dol Aol AcyBotatl ARIUML o{lA Yosou B

SIECE oot Ayt
C,, kJ/(kgK) 1.779 1.842

k, W/mK 0.147 0.157

i, kg/ms 4.09 x 10™ 5.0 x 10"

7) Derive LMTD for counter flow heat exchangers.
51Go2R Yl 8le WsRAeYR HIZ LMTD cllRell.
8) Differentiate between single pass and multipass shell and tube heat exchanger.
Rl WA ol MGl Wt At Aol 2ol gl WRARSR (A cdAsleld AW
9) Explain about Double pipe heat exchanger.
S WU 8le AseAoR (A UMl
10) Draw a sketch of Fixed tube sheet heat exchanger.
lst eyt 8le WseAee{l uis(A 1R,
11) Derive LMTD for parallel flow heat exchangers
AHIAR Yalls &le AstAexR U LMTD R,

12) A parallel flow heat exchanger has a hot and cold water streams flowing through it. The flow
rates are 600 kg/h and 1500 kg/h and inlet temperatures are 343 K (70°C) and 298 (25°C) on the
hot and cold side respectively. The exit temperature on hot side is required to be 323 K (50°C).
Calculate the log mean temperature difference.

AHIAR YUclls 8l Ao Hi ORH Yalld W 63l Yclls UAR Ul B, JRH Yclls HI2
YallEER 600 kg/h ol 651 Yalle HIe YCSER 1500 kg/h. HUER ELUA Ucll JIRH Ycllés]




dlUHletl 343 K (70°C) el 6SL Ycllde] cliUHlel 298 (25°C) 8. 6l8lR S0l JRH Ycllde]
dlUHlet 323 K (50°C) dl LMTD ofl 213t 3.

13) Draw the neat sketch for parallel flow heat exchanger.

UAHAR Yalls 8le AsAs20{l a9 wis(A €12,

14) Discuss about shell and tube heat exchangers.

At U Yol 8le WsRA2 ([AA uUl 53

15) Explain about cross flow heat exchanger.

Sl SA 8le WsAo%2 (AN UMl

Unit 4 HEAT TRANSFER WITH PHASE CHANGE

Answer the following.

1)

2)

3)

4)

5)

6)

7)

8)

9

What is the difference between evaporation and boiling?
wi(Betclol wal Gls(AdL A dslad 9 B2

Discuss pool boiling of saturated liquid.

At yaldl 12 yet slsf@ol auendl,

What is the difference between sub cooled and saturated boiling?
UL 5A WA At (A A cAslelct 9 B?

Discuss filmwise condensation.

(3 cllgds s0doq 2ot [AA UMl

Differentiate between film and dropwise condensation.

(B sy WA QU B SodoA 2ot cARAA dAglelc AUl
Discuss Leidenfrost phenomenon.

[@setgle deatl (A2 uul 53,

Explain about heat transfer to boiling liquids.

GBS0l YcllSl HIZ G YARRL UHesLAl.

Explain dropwise condensation.

S\U L8 Sodo 2ot (A AHsAL

What is condensation? How does it occur?

Sodo2lot WA 92 A 3l A s 8?2

10) Explain the effect of surface tension on bubble formation with figure.

Geua Actl URUlel UR Y clloll AR AMestal.

11) Discuss the effect of non-condensable gases on condensation.

§odoA 2ot UR (Aot-AYscl atllell Yelld (A uul 530

12) Explain about sub cooled and saturated boiling?

UL $A AR At AL (AA A8t




13) Discuss about condensation of superheated vapour.

YURBIRS clRlNell Sodo2let (A uUl 53

14) Explain about nucleate boiling and transition boiling.

Jsclle olls(@ol ual 2ilBaet clle(@al (A UMl

15) Discuss about heat transfer from condensing vapour.

$od (ool Rl 8le zlots? (A AU 53,

Unit 5 THERMAL RADIATION

Answer the following.

1)

2)

3)

4)

5)

6)

7)

8)

9)

Define radiation. Give the different examples of thermal radiation.

2AsA2tet ((A3R01) clvaRd 5. add 2AsAstetl [A(Au BelswL AL
Write a note on Planck’s Law of radiation and Wien’s Displacement Law.
A3A2Uot Mol Wellosoll [AAM el cllgololl 28UleticRall [AAM UM

Calculate the heat loss by radiation from an unlagged horizontal steam pipe, 50 mm o.d. at 377 K
(104°C) to air at 283 K (10°C).

(Aot A clles US YAl AHIAR WMot wesurisll 23A2et gl Ul GuHL cuL 0. 377
K (104°C) cllUHlol YRlelcll ULEUall WelRell Ul 50 mm & Aol scllo] dlUHLet 283 K (10°C)
.

Define absorptivity, Reflectivity and Transmittivity. Draw a figure to show reflection, absorption
and transmission.

cUuALRA 531 Ao eL[[A8], RsASEAZ, wA 2leHlZl[AZ] R 5@ et A0 U2l Aa

2lorr{latet allacl s €121
Define and explain grey body.
) S catvARt 531 UHostAl.

Calculate the heat loss by radiation from an unlagged horizontal steam pipe, 60 mm o.d. at 380 K
(107°C) to air at 293 K (20°C).

(Aot clles US Ul AHIAR BWlHatl wesuHiell 2(3A2let gl Ul G catL 20K, 380
K (107°C) cllUHlot YRlelcAl WUl HElRetl UM 60 mm & WA §clloj llUHlet 293 K

(20°C) .

Explain Black Body.

oAs GlS| (A UMt

State and explain Stefan’s-Boltzmann Law of radiation.
A3A2et H2ell R ot Gl RHLotoll Aot Al UMestel.

Calculate the rate of heat transfer by radiation from an unlagged steam pipe, 50 mm o.d. at 393 K
(120°C) to air at 293 K (20°C).




(Aot Aclles US Ul AHIAR WB\Hatl wsuHiell 23A2tet gl Ul G c1L 0. 393
K (120°C) cllUHlol YRlelcll WEUsll HalRell call 50 mm B U §cllof dAlUHLel 293 K
(20°C) ®.

10) Explain Kirchoff’s Law.
(3Alg0ll Aaux uxesA.

11) Write in brief on concept of Black body.
oA GlSloll vl gsHL UMl

12) A50 mm i.d. iron pipe at 423 K (150°C) passes through a room in which the surroundings are at
temperature of 300 K (27°C). If the emissivity of the pipe metal is 0.8, what is the net interchange
of radiation energy per meter length of pipe? The outside diameter of pipe is 60 mm.

300 K (27°C) cllUHlet tRlelcdl 3Hatl URURHI 423 K (150°C) cdlUHLet tRleldl 50 mm
A€ all Al YAl WSU YRR AR B, i wsus(l Au{lRQE 0.8 8. AsH clols

gle wesumiell A3AAAUT A HeAlel AU, WU HslRell cAlM 60 mm ©.
13) Write the statement of Kirchoff’s law and prove that emissivity ‘e’ = absorptivity ’a’.

(Sulgoti Aame] Quist vl U AAA 5A ¥ AR{RQE <’ = Aol *a’.

14) Explain the terms: 1) Monochromatic emissive power, 2) Total emissive power, 3)
Monochromatic emissivity

WA AGEL AU Al: 1) Hellsl AR s Wn{lRla uleR, 2) dled An{lRa g, 3)
MERRIELEN[DIEE

15) Calculate the rate of heat loss from a 6 m long horizontal steam pipe, 60 mm o.d. when carrying
steam at 800 kN/m?. The temperature of atmosphere and surroundings is 290 K.
Data: Take emissivity, €=0.85 and o= 5.67x10*W/m?K* — Stefan-Boltzmann constant
The film coefficient (h.) for heat loss by natural convection can be calculated by:
h=1.64 (AT)**, W/m?K. Steam is generated at 800 kN/m? and 443 K (170°C).

60 mm B2l WolRall UM YRl 6 m Colls YRl R HaAl WesuHil 800 kN/m? &l
WU VAR AA 8. clcdlaR0L U URUR] dlUuHLel 290 K B.
32t Al RQ2] e=0.85, RR g0l (LMoL HMANLS 6= 5.67x10 W/mPK*

5€c{l GuMlotaol gl GBI ctd HI2 (3 UsdLRlLs ol A yHd &.
h=1.64 (AT)*®, W/m’K.
800 kN/m? B2l £l tRlelcdl REH Geuzt Al B M Ao dllUMlet 443 K (170°C) .

Unit 6 EVAPORATION

Answer the following.

1) Explain in detail the properties of evaporating liquids that influence the process of
evaporation.




2)

3)

4)

5)

6)

7)

8)

9)

e clot Ugld UR UAR sl el (A Yetdloti opuaail AHostAl.
Explain about Backward Feed process for evaporation.
oietctot HIZ Asas gls ugld (A amestal.

An evaporator operating at atmospheric pressure (101.325 kPa) is fed at the rate of 5000
kg/h of weak liquor containing 5% caustic soda. Thick liquor leaving the evaporator
contains 30% caustic soda. Find the capacity of the evaporator.

5% 5IR25 ASL URlclcl Wal 5000 kg/h €2 ULl Bloln [@sa 101.325 kPa B2
cllcllelRRlej el BURE Udl BAWR2AUL ELHA SAML A 8. gaAWReHil
wolR [Asndl tg YaldlHi 30 % s\RRs AsL B, sAWR26(l 3URE] 2t

Discuss in detail the capacity and evaporator economy.
gAURee{l 3URE wa 8510l @A w2 3.
Discuss about Forward Feed process for evaporation.
olletctet HI2 S1Ras $ls ugld (A A Al

An evaporator operating at atmospheric pressure (101.325 kPa) is fed at the rate of 10000
kg/h of weak liquor containing 4% caustic soda. Thick liquor leaving the evaporator
contains 25% caustic soda. Find the capacity of the evaporator.

4% S\Res ALSL YLl ¥al 10000 kg/h €2 HRlcldl [oin (A5 101.325 kPa B2
cllclelRlel erlRll AURE Ul SAWR2AUL ELHA SAML AUA 8. gaAWReHil
oolR [Asndl dg YatdlHl 25 % s\Res Alst B, sAURe2-{l 3URE] .

Explain Boiling Point Elevation for Evaporation.
wlBeictet HIZ iAot WMoz AA Aot (AR AMes Al
What are the precautions to be taken for evaporation?
wietcot ara Acil vitadl AR cvll.

An evaporator is operating at atmospheric pressure. It is desired to concentrate the feed
from 10 % solute to 25 % solute (by weight) at a rate of 7000 kg/h. Dry saturated steam
at a pressure corresponding to saturation temperature of 403 K (130°C) is used. The feed
is at 298 K (25°C) and boiling point rise (elevation) i.e. B.P.E. (B.P.R.) is 5 K. The
overall heat transfer coefficient is 2450 W/m?K. Calculate the economy of the evaporator.
Data: Treating the solution as pure water and neglecting B.P.R., Latent heat of
condensation of steam at 403 K = 2200 kJ/kg. Latent heat of vaporisation of evaporation
of water at 101.325 kPa and 373 K = 2257 kJ/kg. Specified heat of feed = 4.187 kJ/kgK.

AlAlelRQetl £l UR AR S 52 B. 7000 kg/h oll €l elwe Udl $lsetl
alcxl Yesoll cagotofl estatdl 10 % &l Al 25 % Bl UMl A B. Y$| A
W Hotl enllRlal Aol®d Al dlUMlel 403 K (130°C) B. ELHA Udll §lSaf clludls




298 K (25°C) ®. olls(@ol Wee2 A8 (AAA2et) WAe@% B.P.E. (B.P.R) 5 K .
Ul cR VA GBHL YA USRS 2450 W/mPK 8. a2l 85lellHl 20l

Sel: alall d31¥ 9hg Wl AaHi A & WA B.P.R. ol AUADIRLeH wA B, Mol
$odo Mol Il GWHL 403 K cllUMlal 2200 ki/kg 8. 101.325 kPa £l Aol 373 K
dAluHial WRllal olsuMl 3uidR sal Hizell olleictol i GWl 2257 ki/kg 8.

$lsell (AR G 4.187 ki/kgK B.

10) Discuss about Long Tube Vertical Evaporator.
cioll 2yt uRleldl dot sawReR @A uAl s,

11) Differentiate between forward feed process and backward feed process for evaporation.
wiBetcdet 12 SRS §ls Ugld wal Asad gls ualdell dsteid Al

12) An evaporator is operating at atmospheric pressure. It is desired to concentrate the feed
from 5% solute to 20% solute (by weight) at a rate of 5000 kg/h. Dry saturated steam at a
pressure corresponding to saturation temperature of 399 K (126°C) is used. The feed is at
298 K (25°C) and hoiling point rise (elevation) i.e. B.P.E. (B.P.R.) is 5 K. The overall
heat transfer coefficient is 2350 W/m?K. Calculate the area of heat transfer to be
provided.

Data: Treating the solution as pure water and neglecting B.P.R., Latent heat of
condensation of steam at 399 K = 2185 kJ/kg. Latent heat of vaporisation of evaporation
of water at 101.325 kPa and 373 K = 2257 kJ/kg. Specified heat of feed = 4.187 kJ/kgK.

AlcAlelRQetl EGlRl UR AR S 52 B. 5000 kg/h oll €l elwe Udl $lsetl
alct ugsoll cogotoll 2stall 5 % Al adl 20 % F2cll saUHl 1A B, Ysl A
WlHatl eottal Aol@d At diuMiel 399 K (126°C) B. ELHA Ul $lSof cdllUMlet
298 K (25°C) . olls(@ol We2 A% (AAALUet) WAe@% B.P.E. (B.P.R) 5 K .
AR A GVl YAWL USRS 2350 W/mPK 8. GBI YARRL H2 Aasnel(l
SIEEIER

Sel: sl 31y 9hg Wl Acitil A & WA B.P.R. ol AA2RLAHL 41A B, &\ Holl
$dolot It GBI 399 K cllUuMlal 2185 kJ/kg 8. 101.325 kPa €6l #al 373 K
dAluHial wielladl olsuHl 3uidR sal Hizell oiltetctst did GWi 2257 kikg B.

lso{l (AR G™i 4.187 ki/kgK B.
13) Draw a neat sketch of Calendria type Evaporator.

scAl3a 2leueti sauRee{l ret2e9 uislA €12
14) Draw a neat sketch of Horizontal tube Evaporator.
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15) An evaporator operating at atmospheric pressure (101.325 kPa) is fed at the rate of 7000
kg/h of weak liquor containing 6% caustic soda. Thick liquor leaving the evaporator
contains 22% caustic soda. Find the capacity of the evaporator.

6 % 525 ALSL YRl WA 7000 kg/h €2 YRlaldl [Aoin (@A 101.325 kPa B2
cAlcdlaRRlel ectteledl AURE Ul SAWRR/UL ELHA SclHl AA B. sARH L
WolR [Asndl tg YaldlHi 22 % sk s AlsL B. sAWR2{l 3URZL .




