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SYMBOLS AND UNITS
Symbol ~ Quantity
A Area -
1 Current
P Density -
3  Heat Fiix
Q Heat Transfer Rate
- i Difirene
, Mass Flow Rate (Water)
L Natoral log |
P Pressure. (absolutc)
G Specific Heat Capacity Ah
- At
h Specific Enthalpy
h Surface Heat Transfer Coefficient
Ator & Tempuamremffam X
t Temperature (Empirical)
U : Overall Heat Transfer Coefficient
Presentation of Numerical Data

Iaﬂnsmannal.nmnaiealqnannmsobmeddmng

Fuudamental

| e————

Amps

kg m?

W m?

Volis

g

Nm?
CIxgtk?

Iig?
W m?K?

W m?K?

eac..amexpmsedmawn-

experiments,
dimensional manner. Mzs,mephysxcalqnmmymvolvedhasbeeudmdedbymeumtsmwmchn

has been measured.
As an example:
Pressure 2. 150
10* Nm™
L P . 150
This indicates that 10° Nm”
o p = 150x10°Nm?
altematively p = 150N m?

* Absolute Pressure = Gauge Pressure + Atmospheric Pressure







Suffixes
i' property of Saturated Liquid
ndamental f - o e
- Unit g A property of Saturated Vapour
m? fg A change from Saturated Liquid to Saturated Vapour
Amps 1 Liquid Temperature
kg m? m Metal Surface Temperature
W m?2 i Inlet Temperature of Water
= W 0 Outlet Temperature of Water
Volts s Saturation Temperature
kg s’
Nm?*
f'ks-l K
Tkg'
v m-l K-l
Vm?K?!
non-
chit
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USEFUL DATA

Wﬁﬁmemﬁm
Diameter = 12.7mm

Surface area = 0.0018m?2 (including area of end)
Condenser surface area: 0.032m?

Fiuid; 1,1-Dichloro-1-finoroethane (R141b)- € Cl, F-CH,

Quantity of fluid: Liguid level to be not less than 50mm above heating element.

Approximately 0.55 1.
Dimensions of glass chamber; Nominal internal diameter = 80mm
Leagth = 300mm
Volame = 0.0015m3

Specific heat capacity of water (C,u): 4.18 K kg K*

1 bar = 10° N m? = 100 kN m?
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Boiling and condensation are vital links in the transfer of heat from a hot 10.a colder region in countless
W,@mmmmmﬁmmmgmmmmm,m
- - e m 7 R

Boiling
mraﬁqnidmsatmﬁmmmmeishmmmmemfacecfasoﬁd(mﬂymuﬂ)a:a

W,Wmm&msfmdmmeﬁwdmdaphmchmgc{wamﬁm)ofmoww
tiquid occurs

The nature and s of this heat transfer changes considerably as the temperanure difference betwee

the metal sarface and the liquid is increased.

mwimmrﬂwWMam&mwaaWWmﬁemuMz

liquid. Mprmmﬂ‘mmmasﬁwdmofmmbbkm and is insignificant
when the bubble is large. - | ,

However, whea the bubble is minute, an appreciable pressure difference exists. (An analogy may be
dzawnwithﬂwinﬂaﬁ&afaebﬁd’sbaﬁwn-itisdifﬁm&tohﬂatewmmc'bﬂm&mall,butk

. Wmmmmmm). , :

ﬂwvmmwmondmgwnhﬁwnmpmeofﬁm
surrounding liquid. jhus,wbennob&bl&&ﬁs&(&tf@ﬁysmﬂnitisposibleﬁrmcﬁqtﬁd
mpmemﬁ‘memgbn«d&mmw&cembcmﬁmthemmmofdwbumof
the liquid. mwmbecmwwmesamaﬁonmpmewmdmgwhhmepmmmmﬁec
liquid-vapour interface).

“The formation of bubbles normally associated with boiling is influenced by the foregoing.

Wmmebmﬁngmﬁccmmeﬁsﬁ@ﬂymm&emaﬁmmmmofﬁwﬁqﬁim
exmvapomprmmisnnﬁkdympmdwebnbbu The locally warmed liquid  expands and
mwc&nmmmykm&cﬁqﬁ&vwhmﬂwewhaemmﬁmmk&p&cmd&mﬂ
equilibrivm is restored.

Nucleate Boiling -~ S - e
mmmmm,mmdmmmmwmmm

eventnally bubbles are formed. Moccuratnmbaﬁngpoimsonﬂwhotsurfacewhucminwgas
mm.mgmm&fmmmmmfamefmaamm

As soon as a bubble is formed, it expands rapidly as the warmed liquid evaporates into it. The
buoyancy detaches the bubble from the surface and another starts to form.

Nmmmmkmmbywmmmm; Exceptionally high heat
mﬁummmmammdmsmmmmmmdﬂmmmnm
boﬂing,andhmwelappﬁcaﬁom.boﬂingiswaﬂyalwaysiamismda ’
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Film Boiling
Aboveaaiﬁmlmfac&liqlﬁdwmpununediffm,itisfomdmmemfmebwom"vaponr
tocked” and the liquid is unable to wet the surface. When this happeas there is a considerable reduction
inhwumsfcrmtemdifdwhminpmtotlwmetalisnothnmediatelyredmdmmhmclowa
abﬁﬁyofhemfmemﬁmsfahwgdwmtﬂwmmmwinﬁsemmmdiaﬁon&ommwm
plmﬂxeﬁmiwdﬁlmboninghwtramfa,isequaltomcmgyinput

Ifdwenergyinpmisintheformofwork('mcludingclectricalmcrgy)mmisnolimittomc
wmpuamwhichcmﬂdbcmchcdbythemmlandi:smpmccanﬁsemﬁlafailmeora"bmn
out” occurs. Hmesmnuismdiantewrgy&om,faexmnplc,awmbusdonpmcm,asimﬂafaim

mmw,mdmmynmcmﬁmsmmcradimmofadmnwdboﬂmmamibmcdwmism ’

mmionmmmmwvimmlymwmmmkm“wmﬁmﬁwmnm'mmds
the critical value.

Thecoanuenccsofa‘bmﬂ”inanudearpowerplmﬁwmbcmdﬂyappmciam

Condensing Heat Transfer
Condensation of a vapour onto a cold surface may be *filmwise" or "dropwise”.

thnﬁlmwisewndensaﬁmmus,memxfaceiscanpkwlymnedbymewndwmm
oomcnsationisonmtheoutalayerofmeliquidﬁlm,mehcatpasmgmroughmeﬁ]mandintothc
surface largely by conduction.

Bymﬁngasmfwewiﬂxasuﬁmblccanpo@itmaybepossibletop‘omotc“dmpwisc"condensaﬁm
thn&isomms%mfmeisﬂweﬂcdbyﬂwﬁmﬁdmﬂﬂxsmfaocbewmwwvaedwimwads
ofliquidwhicheoalwcemformdropswhichthenfallawayleavingdwsurfacebmefmampcﬁtion
of the action. -

Heat transfer coefficients with dropwise condensation are higher than with filmwise owing to the
absence of the liquid film.

For a complete investigation of filmwise and dropwise condensation at high heat fluxes, the Hilton Film
andDmpwiseCondensaﬁonUnitIElOwonldbcmd. ‘

Boilingandoondensaﬁnghwuansfamiudispensablclinksinthepmducﬁonofpower,alltypesof
refining and chemical processes, refrigeration, heating systems, etc.

Thaeisaconsmmmmfmmccanpwthwmfamﬁmﬁmmghhwmnsfamwda
cmmmgofmmgmmngmmkmﬁﬂ for every mechanical and
chemical engineer.

Tbel-ﬁlmnBoﬂingHmnansquunhasbeend&s@edwhnmovcthcmdmdmgobeMgand
MnmghmmamdmbmbahaﬁmalmdmmYdmlmdyome

During Use

Control the saturation pressure to the desired value by:

(a) Variation of the cooling water flow rate (or temperature)
(b) Variation of the power supplied to the heater.

After Use

Always:

(@) Switch off the electrical supply and disconnect from the mains.

(b) Circulate cooling water until pressure has fallen to atmospheric or below.
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(i) DETERMINATION OF HEAT FLUX AND SURFACE HEAT TRANSFER COEFFICIENT
AT CONSTANT PRESSURE

AdjuamcebcuicheawwabomSOWansamdadjustﬂwwamﬁowmwmmedeﬁmdpmmneis
wmmmemhage,cmmmmmm.ﬁqummpmmemdmemlmpmmm
tlwpowettosaymWatts,adjustmewoﬁngwatafbwmmgiveﬁwdwkedpmmmidwben

steady, wait 5 minutes mcnrcpwtthcobscrvaﬁon.
Repcatinsimﬂarmcmmemsunﬁlthemiﬁon&mnnudeamwﬁhnbomngismcm By careful

adjummofvdmge'nwm%mndiﬁonnismiblcmmakemmmwwmofaiﬁcd
conditions. WhmﬁlmboﬂingiswmbﬁsheddwwlmgcshOMdbemducedandmcmdingswnﬁmxd

until the heater temperature reaches 160°C.
Typicalmultsandgmpbs 1 and 2 arc shown on Pages 19 and 27-28.
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@iy EFFECT OF PRESSURE ON CRITICAL HEAT FLUX

Thcmmodisfsimﬂarwmatgivenuuda(mbmbymfuladjusmcmomepomandmﬂow

rate,thchcatﬂm(axmiﬁonﬁomnmlmtcmﬁlmboﬂhgatavaﬁetyofpremmmaybe
established.
| s(oP
Typical results are:
e _P_| e | 100 | 125 | 150 ) 175 200 | 225 | 250
kN m y
Reuips 8o | 2 | 1 | 22 300 | 328 | 338 | 349
From which:
Critical Heat
o Flux W";_—,, o4 | 148 | 156 | 162 | 172 | 182 | 188 194J

These results are shown graphically in Graph 3, Page 29.
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(iv) FILMWISE CONDENSATION

The filmwise condensation which occurs with R141b can be clearly seen, and the resistance offered by
the liquid is readily appreciated.

The overall heat transfer cocfficient between the condensing vapour and the water may be found as
follows:

Adjustﬂwvolmgeandwataﬂowmwmﬁlmcdwkedpmmeandoondcnsingmeis
established. When conditions are stable, note the water flow rate, water inlet and outlet
temperatures and the saturation temperature of the R141b.

Typical Results
Water flow rate m, = 5.5 grams?!
Water inlet temperature g = 20.5°C
Water outlet temperature t, = 25.0°C
Saturation temperatyre of liquid t, = 29.0°C
Voltage 95V
Current 13V
Heat transfer rate at cooling coil, Q, = m Cp(t, - ©)
= 5.5 x 107 x 4180(25.0 - 20.5) W
= 14 W
Heat transfer rate from heater, Q, = El -
=95x13W
= I4W
Heat transfer to surroundings (by difference), = Q-Q.
= 124-104 W
= 20W
¢ =t- = 290-205 = 85K
o = t,-t, = 29.0-250 = 40K
Log mean temperature difference,
¢1‘¢2
b
L1
" é
_85-40
I 85
==
40
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Overall heat transfer coefficient,
s
..
104 Wm"K'l
0.032 x 60
s Wm’ K
Thismaybcrcpcatedatomcrwataﬂowmw&omasannadmtcxnpmnrcswdomcrcondmsadon
heat fluxes.
:
{







wondensation

(vy CAUSES OF PRIMING IN BOILERS

Among the causes of "carry over” or "priming” in boilers are,
(a) Operaﬁngatahwuprmcmanﬂmforwhichtbeboﬂcrisdwgmd.
(®) Shmwmh&wdemandsmmofmehwmmmgfomaﬁmofﬂashmm.

mboiﬁngacﬁonmsidcmcglmscyﬁndcrissimﬂatmthatoocmﬁnginaboilcronload,andsmdems
mmimwmmdmmmmﬂwfmommmmm

ApplyabOmZOOWmﬂwhwwtandpassahrgewawrﬂowmmughdwcmdcmsothatmc
satpration temperature is low. Whencmdiﬁomarcstable.obscrvcthemtcanddegmcofebuﬂidouand
turbulence. Nowmemewamﬂowmtesomatmesammﬁmpmmisappmximawlydoubkd
amdagainobservcﬂwdegmcofebuniﬁon. Itwinbeseenﬂratdmisanappmciablemdmﬁminmis
asmcprmmismisedmdmc;mbabﬂnyofcarqoverhapmﬁcalboﬂaismducei This is
wwmwdfabymemaeaseofvapomdensitymdcmseqwnmdmﬁmofmcvolumcofvapom

Ifmecooﬁngwata'ﬂowmcisnowsudderﬂyincr&sed.ashmmmh&vydemandissimulated. The
pmssmwﬂldrop,mdﬂashcmpmamnudnmmmmﬁiﬁmmmeboﬁmgcauwdbymehm
transfer. VioleMebumﬁonwﬂlomandmclﬂ:eﬁhwdofwnyovamapmcﬁcalboﬂerwiﬂbe






mmlaﬁonshipbcmwnmesamﬁmprmmmdwmpmmofammbsmnwismadﬂy
dcmmsnawdupwamaﬁmummcmcofmmmﬂgaugc. Thceloctricalsupplyisswitchedon
andadjuswdmaboutIOOW. mmgmkdeaMMumWandwhencmdiﬁons
mstablzmepr&mm\dtcmpaaanoted. Thecoolingwatcrﬂowisreducedandmc

Rcsultsmaybccomparedwimmo&on(;mh4,pagc30.

HampplyofchﬂbdmmisavaﬂabledﬁsmaybecMawdﬁmughﬂwwﬂmdmesaumﬁm
wiﬂmenbecomclwsmanamosmmc 'Ihisisanscfuldemonstmtionandhclpsmdispelmc
beliefheldbymanysmdmmmatavacuumpumpismoeswwmpmdwememm-amosphcﬁcpmwes
in a steam plant.






1e saturation
1o dispel the
ric pressures

(vii) EFFECT OF AIR IN A CONDENSER

Airmaybedeliba‘atelyadminedtothechambabydﬂwr:

(a) Pumngmmemﬁdvdwspindb(pmﬁdeduwpxmmmﬂwcym\daisbdowmo@eﬁc),
or

®) Ushlganairpmnpotsyringeminjectairthmughﬂ!echarging/dmin valve,

Theomﬂhmnansfacoemcientmaybedaaminedinmememannerasundersecﬁon(iv). This
vahwcanbecomparedwiﬂlmeooemcientatasinmarﬂowratcmdsannaﬁon temperature when only
R141b vapour is present.

Itwﬂlbefoundtlmtﬁlcheatu'ansfermteandcocfﬁciemisappmciablyl&sswhenairisprwentandthe
detrimental effect of air is readily demonstrated.

The effect of air blanketing can also be demonstrated visually. With air in the cylinder and at fairly
highheatmnsfermmitwﬂlbefmmdﬂmmofﬂwcondenscrooﬂsmquiwdry. If the stem of
tbcreﬁefvalveislifwdwmhascthcair,ﬁgormscondmsaﬁonwﬂ!beseenmtakeplaceonthose
coﬂs.andmcmteofcon&nsaﬁonwﬂlshowamatbdirmsc.






(viii) DEMONSTRATION OF LAW OF PARTIAL PRESSURES

Open
cylindu’andmeuclosemevalve. (Amumedquanﬁxyofairmaybeobmnedbyoonnecﬁngasyﬁnge
tomechargingvalveotbyconnecﬁnsmcchargingvalvetomeairk\aninverwdmeasuringcy'
wiﬁitsapenendinwatcr.)mvolumcofmcspaoeover i i i
mmnedandﬁwmneofﬂwadnﬁmdahmmﬂawdﬁommcgaseqm

Thctomlprmeofmcairandmnbisindicawdbythepmsmcgaugeandmismaybecom;med
wimthemmofthevapomandairptwsmwaavaﬁayofmmpaanm
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SURFACE HEAT TRANSFER COEFFICIENT

(KW m-2 K-1)

100

10

AS\MOSQQP&.U m?ew [

SURFACE HEAT TRANSFER COEFFICIENT v. SURFACE TO LIQUID TEMPERATURE DIFFERENCE
Pressure = 175 kN m-2

m i ime s ve e ad e o

10

SURFACE TO LIQUID TEMPERATURE DIFFERENCE (deg K)

aYa

100
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SATURATION TEMPERATURE v. SATURATION PRESSURE FOR

R141b
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SURFACE TENSION v. SATURATION PRESSURE FOR R141b
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DENSITY OF SATURATED LIQUID v. SATURATION PRESSURE
FOR R141b
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DENSITY OF SATURATED VAPOUR v. SATURATION PRESSURE

FOR R141b
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LATENT HEAT OF EVAPORATION v. SATURATION PRESSURE
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