Chemical and Petroleum Engineering, Vol. 40, Nos. 7-8, 2004

INDUSTRIAL ECOLOGY

PERFORMANCE CALCULATION FOR LOW-SPEED
FIBROUS MIST TRAPS

A. Yu. Val'dberg, A. V. Ogurtsov,
and T. O. Kaznacheeva

Low-speed mist traps [1] are widely used to trap submicron droplets in gas treatment, in which the g@sdspeed
not exceed 10 cm/sec, and the best performance in droplet deposition is attain@zxAﬂIJ*S—Z cm/sec. It is difficult to
devise engineering methods of calculating such filters because there are several deposition mechanisms operating simultai
ously. In addition to the inertial mechanism, whose importance decreases as the filtration rate is reduced, the trapping mecl
anism (contact) retains its significance, and the diffusion mechanism acquires substantial effect.

Figure 1 gives calculated values for the deposition mechanism parameters [1] in relation to droplet size for various
speeds.

The parameter in the inertial mechanism is

ai = SaPavy n
18ud;
whereC is the Cunningham—Millikan correctiod, droplet diameter in npy droplet density in kg/ﬁ] Vg the filtration speed
in m/sec,u the dynamic viscosity of the gas in Pa-skd¢he fiber diameter in a filter in m, while that for the contact mech-
anism is given by
R=dy/d, 2

and the parameter for the diffusion mechanism is given by
D = 1/Pe =Dgy/ (vytk), 3)

where Pe is the Peclet number &ngs the diffusion coefficient for the droplet suspended in the gas flow?/sem
From Stokes’s law, the diffusion coefficient can be put as

Dy = CKg T,/ (3mgh), (4)

whereKg is Boltzmann’s constant, which is 1.38°10J/K, andTg is the absolute temperature of the gas in K.

Calculations have been performed from (1)—(4) for air under normal conditions: temperature 0°C, pressure 101.3 kPa
droplet density taken as 1000 kG/(water), and fiber diameterj@m.

Figure 1 shows that for droplets of size less thqathandvg < 0.05 m/sec, the diffusion mechanism begins to pre-
dominate over the inertial one.
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Fig. 1. Compaison of paametes in dioplet dgosition mebanisms ér laminar gs fow
(air under namal conditionspy = 1000 kg/n:?, di = 9.10° m): —) Vg =0.05 m/sec;
-=9 Vg = 0.02 m/sec

To calculge the factional perfrmance one can use thetowing [1, 2]:
O 4oqH O
Ny =1—EXDH— T[df ntE’ (5)

wher a = 1 —¢ is the baking density€ is the poosity of the fiter maerial in m°m?3, H the thikness of theilter layer in
m, andn, the tapping coeficient for a singleiber.

As the difusion mebanism pedominaes & low gas speedsye use thedrmula for the deosition perbrmance
charmacteizing the dgosition of suspended @ulets with viscousléw around a glinder (fiber) [1, 3]:

ne = 2.92(2.002 —iRey VP23 6)

wher Re :vgdf pg/u is Reynolds rumber ancbg is the density of theas fow in kg/mg.

As (6) indudes @ and Reit incorporates the dposition due to the Rdpping mebanism. It has beewdind [4] tha
ther is séisfactoy agreement beteen a&pelimental esults br suspended dplets on ibers and the da obtained fom (6)
for small Re and lge Re.

When one substitutes (6) into (B)e obtain adrmula thd can be used to estiteathe factional perdfrmance of a
fibrous mist tap. This has beenvaluaed in [5] and shwed sdisfactoly agreement beteen calculdon and pactical déa.
However, the mist doplets poydispese & the inlet to the ap, so this method of estirting the d@osition perbrmance is
velry laborious and not adeqtedy reliable for engneeing puiposes.

The dpendence of thedctional perbrmance of aibrous tep on doplet siz is lgg-nomal no méer what the fl-
tration speedand as a lg-nomal distibution for the doplet diametes (by mass) almost alays gplies to the dwplets athe
inlet, one calcultes the pedrmance of aibrous tep working in the lav-speed (dfusional) mode ¥y a pobabilistic method
as useddr high-speed (ing&al) mist tiaps [1,6].

In that casewe needls (the doplet diameterdr trapping with a pedrmance of 0.5)which can be calcutad from
its dgpendence on the function
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Fig. 2. Cuwe fitting to expetimental déa ondsg, in relation to functionF:
®) polypropylene; o)Supesil.
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deiived by substituting (6) into (5) andkpanding the alues of Re andeP(hee d,,, is the median diameter of theogiets
used in calculing the codficient C).

This function br dsj incomorates the pametes of the fiter maerial (a, H, d;), the mode of opetion (vg, Py Ty m),
and the dispsion in the doplet compositiond,,,).

The epeliments vere done i a standat method [1] on leoratory equipments desitred in [7]. The oil mist @ the
inlet to the tep had the dllowing paametes: d,, = 1.3um; standadl deviation in the l@arithmic distibution of the doplet
sizes lgo, = 0.23;p4 = 885 kg/n;? We examined tvo specimens ofilter méernal: polypropylene ¢ = 40um, a = 0.060)
and Supesil glass iber (d; = 6 um, a = 0.049).

Expeimental esults hae been yen [5] for polypropylene with @s fow speeds of 0.51.0,and 2.0 cm/secThe
Supesil tests vere perbrmed with @gs speeds of 1.0,5,2.0,3.0,and 5.0 cm/sec (airt 20°C); the thikness of theilter
layer was 7.5 mm.

Figure 2 shavs expeimental d@endence ofisy on F.

The dada gve the empical expression

dsg= 0.453 — 5.838. @)

Formula (7) gplies or vy = 0.5-5.0 cm/sec and can be used to caedtee perdrmance 6r low-speed iber mist

traps with a Ig-nomal distibution of dioplet diametes by mass aithe input to theilter. Here the calculdons were per
formed ly anal@y with those ér high-speedilber mist teps [8]. The \alue of I(gon (logarithmic standad deviation in the

fractional pedrmance 6r droplet tiapping) was talen as 1.2 fsm the &petimental déa.
The tydraulic resistance of thesevespeed ifters is lov and usuall does not xceed 200-300&
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