Flame Speed Problem

Thursday, October 12, 2017 11:53 AM

Estimate the laminar flame speed of a stoichiometric
propane-air mixture using the simplified theory
result. Use the global one-step reaction mechanism

below to estimate the mean reaction rate.

d[CsHs)/dt =-ke [C3H8]0.1[02]1.5

ke=4.836 * 10° * exp (-15,098/T)  (kmol/m?3)075 /s

Tad,C3H8 =2260K

MWo: = 32.0 kg/kmol
MWh; = 28.01 kg/kmol
MWashs = 44.10 kg/kmol
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Quenching Problem

Tuesday, October 24, 2017 10:48 AM

Consider the design of a laminar-flow, adiabatic, flat-
flame burner consisting of a square arrangement of thin
walled tubes as illustrated in the sketch below. Fuel-air
mixture flows through both the tubes and the interstices
between the tubes. It is desired to operate the burner
with a stoichiometric methane-air mixture exiting the
burner tubes at 300 Kand 5 atm.

Burner tube layout

Ry = 0.08206 atm-m3/kmol-K
MWmethane = 16-04 kg/km0|
MWair = 28.85 kg/km0|

A) Determine the mixture mass flowrate per unit cross-

sectional area at the design condition.

Bumning velocity (cm/s)
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Figure 8.14 Effect of pressure on lominar flame speeds of stoichiometric methane—air
mixtures for T, = 16-27°C,
SOURCE: Reprinted with permission, Elsevier Science, Inc., from Ref. [19], © 1972, The Combustion
Institute.
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1. Estimate the maximum tube diameter allowed

Flame thickness, x (mm)
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Figure 8.16 Flame thickness for laminar methane—air flames at atmospheric pressure.

Also shown is the quenching distance.
| SOURCE: Reprinted with permission, Elsevier Science, Inc., from Ref. [19], © 1972, The Combustion Institute.
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Flammability Limit Problem

Tuesday, October 24, 2017 10:48 AM

A full propane ylinder from a camp stove leaks its
contents of 1.02 |b ( 0.464 kg) intoa 12'x14'x 8' (3.66 m
x4.27 m x 2.44 m) room at 20 C and 1 atm. After a long
time, the fuel gas and the room air are well mixed. Will
the room go boom in the event of a spark?

Ry = 0.08206 atm-m3/kmol-K
MW ropane = 44.094 kg/kmol
MW, = 28.85 kg/kmol

Toble 84  Flommability kmits, quenching distonces, and minimum ignition energies for various fuels”
Flammability Limits Quenching Distance  Minkmum Ignition Energy
Stokchlometric Absolute Absolute
o, (Lean or e (Richor — Mass Alr-Fuel  For® =1 Minkmom  For®«1  Minimum
Fuel Lower Limit) lwu—) Ratio (mm) (mm) (1043 (10%J)
Acetylene, C,H e > 133 23 - 3 —
Carbon monoxide, CO oM 6.76 246 - —_ —
n-Decane, C M., 036 an 150 21 - — =
Exhanc, C,H, 050 2 160 23 18 2 24
Ethylene. C,H, 041 >6.1 148 13 =, 96 =
Hydrogen. H, e 2.5¢ us 0.64 20 18
Methane, CH, 046 164 172 Z3i8 29
Methanol. CH,OH 048 408 646 I.I 3 "
n-Octane, C,H,, 0s1 425 —

os: 283

Propanc, C,H,

“SOURCE: Dato from Ref. [21] unless ofherwise noled.
*Zobesakis (ULS. Bureow of Mines, BulleSin 627, 1965).
“Chomiok [25]
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