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LEGAL NOTICE

This book was prepared as an account of work
sponsored by an agency of the United States
Government. Neither the United States Govern-
ment nor any agency thereof, nor any of their
employees, makes any warranty, express or im-
plied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process
disclosed, or represents that its use would not
infringe privately owned rights. Reference herein
to any specific commercial product, process, or
service by trade name, trademark, manufacturer,
or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favor-
ing by the United States Government or any agency
thereof. The views and opinions of authors ex-
pressed herein do not necessarily state or reflect
those of the United States Government or any
agency thereof.

Lawrence Berkeley Laboratory is an equal opportunity employer.



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBID 634

‘LAWRENCE BERKELEY LABORATORY - UNIVERSITY OF CALIFORNIA CoDE SERIAL PAGE
ENGINEERING NOTE (ES0510 | M4903 1 or8

AUTHOR DEPARTMENT LOCAT!ION DATE ]

S. Mitina Mechanical Engineering Berkeley 5 February 1976
PROGRAM — PRQJECT — JOB

ESCAR

REFRIGERATION SYSTEM %
TITLE

FIBERGLASS FILTER DESIGN

OBJECTIVE:

Design an oil mist separator to deliver less than 1.0 P.P. M, particles
with a pressure drop less than 1.5 PSI (41" H,0), optimize cost, efficiency and
pressure drop.

GIVEN:

3000 SCFM of dry helium gas at 18-20 ATM, assumed particles of size 0.0l - 1.0
1 (oil smoke). Pressure of particles above 10 also cosidered.

DESIGN:

Based on gas density, superficial velocity and entrained particle size, data and
recommendations obtained from:

1. "Filtration OfRadloactlve Aerosols By GlassFibers, ' A, G, Blasewitz, et al.
Hanford ‘Wors HW-20847 (1951).

2. '"72'" Bubble Chamber Ventidtasien System Aerosol Removal,' R. Byrns
LBL EN4313-03M51 ~ (1960).

3. "Oil-Water Removal System for 3000 SCFM - 300 PSI Helium Gas,' LBL
Spec M 484 - E. Hoyer (1976).

As seen from references 1 and 2; for particles in the range 0.1to 1.0 mlczon
fiberglass filters provide the most efficient separatlon

Type AA and 115K of fiberglass have been selected.

The problem is comprised of three parts:

1. Calculations of collection efficienfy and pressure drop for various numbers,
combinations, bed depths and packing density of fiberglass layers, for various
diameters of pressure vessels and for various particles concentration in in-
let flow,

2. Optimisation of obtained data.
3. Approximate estimation of life expectancy calculations have been done for
24'", 30'136'" 42", 54" pressure vessel diameters and for 200, 500 and 1000

PPM concentration of particles in inlet flow.

Nomographs D-2, D-3, .D-5, D-6 (ref. 1 and 2) have been used. D-2 and D-3
giveAP for air flow at atmospheric pressure.
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Pressure drop P correction factor for helium gas at 20 ATM was taken into

account, thus: 3 . :
o2 4 \ 2 3
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where: -
LBS o LBS . 0
= 0.0803 at lATM 0~ C; = 0.2085 t 20 ATM, 0~ C;
Pair CF fh scr 2 ‘
=DF
correction factor equals 0.2085 _ 5. 6; collection efficiency n equals 1-00

0.0803

(reference 1 ), where DF - Decomtamination Factor, according to reference 1;
"For each type of fiberglass investigated, the decontamination factor was
empirically determined as a function of bed depth, packing density and super-
ficial flow velocity'' and is independent of gas flow density.

This statment is true for a collection efficiency. Nomograph D-3 and D-5 were
used for helium flow.

Collection efficiency (ref. 1, 2 can be defined as n (%) = (1 - _g.Q_) 100, where
' ‘in

Q&-outlet concentration, cin - inlet concentration.

Results are summarized in tables below:
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For C, = [ PPM

1000 324. 9
oo 98.8
200 99.5
reist pisten L @ =547 Vv =G93 Fer
1| iy L5 /0 470 | 0073 |.00338
2 sk | s 7 | 360 |, 0008 |.00234
- A A L2 3 92969 |.1116 12909
Torat | 20 192999 |.1141  |.297
- HE K 3 10 8.0 0036 |.00936
2. 5K & 5 66.0 |.00876 0253
3 Ad I 8 < | 99 999 V. /28/ 1.32330
ToT4L /& 1 99.949 .14/5 [.3679
/ 115 pe /5 5 28 0008 | 00/56
2 Hs& | 3 5 45 0078 [.00468
3 AA o 8 2 98,829 | o285 |.065
TOTAL /2 99.96 | .02767|.07794
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/ /15 K 1.5 5 29, co06 ;@'a /156

> |usk | 20 5 45 003 | 0048
3 | AA /.2 o 99,995 | 0158 | 197/
TETAL | lz 2g. gg‘g 0 _722 ZOA3

f E L  /,5° 5 28 LCloe | LO0/5E

: | use | L5 | 5 28 | o006 | 00/56

g aA |z o | 9999 | 0758 | 1970
rorhe R L2 | 99.994| 0077 | 2002
FRIAE DESISN T (g’ Ve 1558 FOM |
o lusk | /5 5= | 24 | 0003 0023

'2 | /15K 3.0 5 38 00270 | 00702

3 | ana |2 2 | 99999| 114/ | 3097
rorac 12 99,999 | , 1229 | .3/85
I wskx | 15 5 | 24 |, 00/08| 0028

2 |usx | 45 5 1 24 | .00008 | 0028
3 | AA 1.2 2 199999 \ .9l | 3097
TOTAL 2 199999 | /213 | .3/54
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3| AA o.¢ 2 998 00433201126
TOTAL /2 99.8 | 0.04543| 01182
/ 115k | L5 24 | voo08\c0028
2 | nsx | zo 5 38 000270 |9 00702
3 AA 0.6 £ g9.8 1004332|0 /126
TOTAL | 2 | 995 (4047 025
! [EK L& 5 24 0,00008 ) 0.0028
2 | sk | o0 2 20 |o0.o0oi9g|0 005/5
2 Ak 0 & 2 £8.8 |0,04332\0./12¢6
FOTAL| 0, 92,88 |0.046380./1206
TRIAL DESIGN [ @ =367 Y =2]220 FPM
- [|5K 15 & 2/ Dooisge | 000413
2 115K 3.0 5 35 0, 001768 | 0.004 57
3 AA 1.2, 2 98 ¢gg | 016245 | 0,4224
TOTAL {2 89,9499 | 0,/1658 | 0.434/
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v L osk | 15 5 | & |eoases|6.0093 | |
2 _|usk | 3o 5 | 35 |ot0763(0009591 |-
3 | A4 0.6 2 95 65 |0,05776 [94502 | |
Ferae 12, 94.95 [0.06/p |0.1529
/ /5K /.5 5 2/ 000/588|0.04/3
2 /164 - 5 2/  |0oot5e8|0.004/3
3 | o4s /2 2 | 99.999 |0./6295|0.4224
Tor4e. | iz 199999 (016563 |9.4306
b sk /5 3 i 0.00086 |0.00223
2 I 5K L& 3 /4 0.00086 |0.00223 |
3 | AA j2 | 2 194999 |6ie2a5 |0, 9204 |
| rorae| & |99 495 0642 07269
[ HER | LE 3 /4 |0.00086|0.00223
b4 174~ fe& 3 /4 o.00086 000223
3 AA O & 2 9865 (00517607502
FOTAL g 99.74 005948 |0./596

, . 7600-54248 _
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/ /IEK 1.5 5 /6 0.003206 4 0.00795
2 H5K 3.0 5 27 0010468100272
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ToTAL 12 94.62 [0./435 0,373
z sk | ns z /6 | 0.00306 |0.00195
2 1Bk 3.0 3 /8 |0.0054i5(0.0141
3 AA /.2 2 94. 995 10.36/0 |0,9386
Wy /@ $4.994 |0.3694 (056044 |
/o SK 3.0 5 27 0.0/0469|0.0272
2 115K 3.0 5 27 0.0/10969 (00272
3 A4 0.6 2 a.4 9,/300 (0 338
TOTAL 12 99.6¢ |2./509 103923

.. 7800-54246
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This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.
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