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k dersom Prandtls blandingsveiteori benyt-tes for modellering av hastighetsfeltet?



Side 2 av 3Oppgave 4En likning for turbulensenergien, k, kan skrives som
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.� Vis hvordan denne likningen kan utledes. (Du trenger ikke å vise alle detaljer for alle ledd.)� Hvilke ledd i likningen må modelleres?Oppgave 5� Forklar én-�lm-modellen, to-�lm-modellen og kontinuerlig-�lm-modellen for karbonforbren-ning.� Skissér sto�- og temperaturpro�lene ved bruk av én-�lm-modellen for karbonforbrenningnår en antar at kun CO2 dannes ved forbrenningen ved karbonover�aten.Oppgave 6Propan (C3H8) brennes med luft i en gassbrenner. Følgende molfraksjoner ble målt i eksos-gassen under testing: χCO2

=0,150, χO2
=0,010 og χH2O=0,210.Utslippet av NO ble målt til 110 ppm.� Beregn utslippsindeksen for NO (eng.: NO emission index) for gassbrenneren når en kananta neglisjerbare konsentrasjoner av CO og uforbrente hydrokarboner i eksosgassen. (Mol-vektene til C3H8, CO2, O2, H2O og NO er respektivt 44, 44, 32, 18 og 30 kg/kmol.)� Hva er hensikten med å korrigere konsentrasjonene til et gitt O2-nivå i eksosgassen vedrapportering av utslipp fra forbrenningsprosesser?Oppgave 7Dannelse av termisk NO kan beskrives ved mekanismen
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Side 3 av 3der
k1,f = 1, 8 · 108

· e−38370/T m3mol−1s−1

k1,b = 3, 8 · 107
· e−425/T m3mol−1s−1

k2,f = 1, 8 · 104 T · e−4680/T m3mol−1s−1

k2,b = 3, 8 · 103 T · e−20820/T m3mol−1s−1

k3,f = 7, 1 · 107
· e−450/T m3mol−1s−1

k3,b = 1, 7 · 108
· e−24560/T m3mol−1s−1.� Formulér uttrykk for d[N]

dt
og d[NO]

dt
.� Hvilken reaksjon er den hastighetsbestemmende reaksjonen i dannelsen av termisk NO?Forklar hvorfor reaksjonen er hastighetsbestemmende.Oppgave 8� Vis at Zeldovih-mekanismen for dannelse av NO kan reduseres til

d[NO]

dt
= 2k[N2][O],der k er reaksjonskonstanten for den hastighetsbestemmende reaksjonen.Hvilke antagelser må du gjøre?



Page 1 of 3/Eng.NORWEGIAN UNIVERSITY OF SCIENCE AND TECHNOLOGYDEPARTMENT OF ENERGY AND PROCESS ENGINEERINGContat during examination:Assoiate Professor Kjell Erik Rian, tel. (735)93094
EXAM IN SUBJECT TEP4170 HEAT AND COMBUSTION TECHNOLOGYTuesday 20 May 2008Time: 09.00 � 13.00Examination results are published: 11 June 2008.This exam is also available in Norwegian.Permitted aids:D � No printed or handwritten aids. Approved alulator.Please do not use a red penil/pen, this is reserved for the ensors.Read through the problems �rst. Begin with the problem where you feel that you have thebest insight. If possible, do not leave any problem blank. Formulate learly, it pays o�!Problem 1� Explain about turbulene from the following key words:�ow, spae and time, di�usive, length sales, energy transfer, ombustion.Problem 2The equation for the mean mass fration of speies k an be written as
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+ Rk� Show how this equation is derived.� What do the various terms in this equation represent?Problem 3In a two-dimensional wall boundary layer the orrelation −u′
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k appears, where Yk is the massfration of speies k.� Show how the orrelation −u′
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k an be modelled by assuming a gradient-transport model.� How will the modelled version of −u′
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k beome if Prandtl's mixing-length theory is usedto model the veloity �eld?



Page 2 of 3/Eng.Problem 4An equation for the turbulene energy, k, an be stated as
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.� Show how this equation an be derived. (You don't have to show all the details for all theterms.)� Whih terms in the equation have to be modelled?Problem 5� Explain the one-�lm model, the two-�lm model, and the ontinuous-�lm model for theburning of arbon.� Sketh the speies and temperature pro�les for the one-�lm model of arbon ombustionassuming that CO2 is the only produt of ombustion at the arbon surfae.Problem 6Propane (C3H8) is burned with air in a gas burner. During testing, the following mole frationswere measured in the exhaust gas: χCO2

=0.150, χO2
=0.010, and χH2O=0.210.The NO emission level was found to be 110 ppm.� Calulate the NO emission index for the gas burner when negligible exhaust gas onentra-tions of CO and unburned hydroarbons are assumed. (The moleular weights of C3H8, CO2,O2, H2O, and NO are 44, 44, 32, 18, and 30 kg/kmol, respetively.)� What is the purpose of orreting the onentrations to a spei� O2 level in the exhaustgas when reporting emissions from ombustion proesses?Problem 7Formation of thermal NO an be desribed by the mehanism
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Page 3 of 3/Eng.where
k1,f = 1.8 · 108

· e−38370/T m3mol−1s−1

k1,b = 3.8 · 107
· e−425/T m3mol−1s−1

k2,f = 1.8 · 104 T · e−4680/T m3mol−1s−1

k2,b = 3.8 · 103 T · e−20820/T m3mol−1s−1

k3,f = 7.1 · 107
· e−450/T m3mol−1s−1

k3,b = 1.7 · 108
· e−24560/T m3mol−1s−1.� Formulate expressions for d[N]

dt
and d[NO]

dt
.� Whih reation is the rate-limiting reation for thermal NO formation? Explain why thereation is rate limiting.Problem 8� Show that the Zeldovih mehanism for NO formation an be redued to

d[NO]

dt
= 2k[N2][O],where k is the reation onstant for the rate-limiting reation.Whih assumptions do you need to make?


