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toction Agencvy., and approved for opublication. Approval does not
signify that the contents nacessarily reflect the views and
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FOREWORD

When energy and material resources are extracted, processed,
converted, and used, the pcllution related impacts on our en-
vironment and even on our health often require that new and
increasingly more efficient pollution control methods be used.
The Industrial Environmental Research Laboratory - Cincinnati
assists 1n developing and 3emonstrating new and improved method-
ologies that will meet these needs both efficiently and economi-
callv.

This report presents the results of Phase II and III of an
investigation into the control »f air pollutant emissions from
the vapor degreasing process. The study was performed to devel-
op improved methods for operation and control of degreaser to
reduce solvent emissions rates. The rcesults are being used
within the Agency's Office of Resezrch and Development as part
of a larcer effort to develop improved technologies for reducinag
volitile organic compound discharges to the atmosphere from
metal finishing industries. The findings will also be useful to
other Agency comononents and 1ndustry in dealing with environmen-
tal control problems. The Nonferrous Metals and Minerals Brarch
of the Energy Pcllution Control Division should be contacted for
additional information concerning this program.

David G. Stephan
Director
Industrial Environmental Research Laboratory
Cincinnati
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SECTION 1

INTRCDUCTION

The U.S. Environmental Protection Agency (EPA) initiated a
research program to evaluate the solvent loss reduction capabil-
ities of various degreaser modifications, controls, and oper=-
ating practices on open-top vapor degreasers. PEDCo Environ-
mental, Inc., was contracted to carry out the 1-2search program.
The American 3ociety for Testing and Materials (ASTM) was asked
to assist EPA in defining and formulating the test prcgram and
reviewing its progress. A special ASTM subcommittec of Commit-
tee D-26 on deyreasers was established for this purpose.

The program began with the writing of a detailed test plan,
which was submitted to EPA for technical review.* The plan
provided details of tests, test location, types of solvents,
variables and control modifications to be tested, parameters to
be measured, and test procedures. The test plan was implemented
after approval by EPA. The results of these tecsts, which are
referred to as Phase 1, were presented in the report "Evaluation
of Solvent Loss From Vapor Degreaser Systems."f}

Phase 1 quantified the ability of a control device to
reduce solvent loss from a job-shop-size degreaser at the ideal
operating conditions suggested by the manufacturer and EPA. It
also tested the effect of nonideal operating conditions on
solvent loss, but did not evaluate the effectiveness of control
devices operating at nonideal conditions. The test data showed,
nowever, that a slight draft across the lip of the degreaser
increased solvent loss dramatically. On the basis of this

*
PEDCo Environmentel, Inc. Degreas:r Systems Evaluaticn Test

Plan. Prepared undger EPA Contract No. ©8-02-2535, Task No. 3.
Cincinnati, Ohio, March 1978.

PEDCo Environmental, 1Inc. Prepared under FPA Contract No.
68-02-2535, Task No. 3. Cincinnati, Ohio, October 1979.

1



increase, the EPA decided that control devices should be eval-
uated for the ability to control solvent loss at two cross-
current air velocities: 0.67 m/s (132 ft/min) and 1.12 m/s (220
ft/min).

Phase 2 comprised the supplemental tests that were per-
formed to supply this evaluation. Tests were also conducted to
supplement the Phase 1 data about variations in hoist speed.
The present report describes only the test conditions that
differ from those of Phase 1. Because the background data,
including test site, solvent, and degreaser descriptions, were
the same as in Phase 1, the reader is referred to the first
report for these data.

Section 2 of the present report describes Phase 2 test
conditions, and Section 3 discusses Phase 2 test results.
Section 4 presents Phase 2 conclusions and recommendations,
which are based on relevant tests in Phase 1 as well as tests in
Phase 2.

Some Phase 2 results were unusual. Although the refrig-
erated freeboard chiller (RFC) substantially reduced solvent
loss when methylene chloride (MC) was used, it substantially
increased solvent loss when 1,1,l-trichloroethane (TE) was used.
Further, Fhase 2 results indicated that changing the freeboard
ratio (FR) reduced solvent loss only slightly, regardless of
solvent. Phase 3 was conducterd to verify these results and
examine the interaction of air velocity, RFC, and FR.

Section 5 of this report describes the Phase 3 test condi-
tions that differ from those of Phase 1, and Section 6 pre<ents
the results of Phase 3 tests. Section 7 provides Phase 3 con-
clusions and recommendations based on tests in Phase 3 and on
relevant tests in Phases 1 and 2.

Actual test data are given in five appendixes. Appendix A
presents the Phase 2 raw test data, including the successive
degreaser weights as measured throughout each test and a statis-~
tical breakdown of the data. Appendix B summarizes data from



individual Phase 2 tests according to the modifications and
operating conditions used. Appendix C contains the Phase 3 raw
test data, and Appendix D summarizes data from individual Phase
3 tests.

Although Phase 1 and 2 showed a direct relationship between
solvent loss from a vapor degreaser and drarft velocity across
it, no definitive data were available on average draft veloci-
ties. Thus, the Nonferrous Metals and Minerals Branch of the
Energy Pollution Control Division, with assistance from PEDCo
Environmental, undertook a study to obtain such data. - ‘Appendix
E discusses this study.

The equipment and instrumentation in these tests were
calibrated in English units of measure. Although the data are
given in this report in the International System of Units (SI)
as well as in English units, the original measurements of sol-
vent loss (and all calculations derived from them) were in
English units. The reader is cautioned that data expressed in

S1 equivalents can differ slightly from the original data.



SECTION 2

PHASE 2 TEST CONDIT!ONS

The Phase 2 tests were designed to evaluate the effect on
solvent loss cf high crosscurrent air velocities acrcss the lip
cf the degrecaser. The tests measured the ability of selectad
control devices (i.e., modifications and operating conditious)
to reduce solvent 1loss under these conditions. The system
modifications and operating conditions that were tested an
compbination with the increased air velocity are as follows:

Automatic liqd

Freeboard ratio

Refrigerated freeboard chiller
Solvent

A few tests were also conducted to measure the effect of
different hoist speeds on solvent loss. These tests, which were
unrelated to the evaluation of crosscurrent air velocities, were
included to supplement speclfic test data from Phasc 1.

The modifications and operating conditions are cescribed in
the following subsections. Oniy those that are significantly
different from the Phase 1 tests are discussed in deta:il.

CROSSCURRENT AIR VELOCITY

Most of the tests in Phase 1 were run under conditions of
calm air at the lip of the degreaser. '"Calm air" was defined as
an average velocity of 0.1 m/s (20 ft/min). For the Phase 2
tests, higher air velocities were created by 1installing two
fans--one for each of the tvo degreasers--within the testroom.



Figure 1 shows the locations of the fans and air velocity mea-
suring positions in relation to Degreaser B; the locations are
the same for Degreaser A.

Each fan was 51 cm (20 in.) in diameter and had three motor
cettings: high, or 1700 m3/s (2900 cfm); medium, or 1500 m3/s
(2550 cfm)}; and low, or about 1200 m3/s (2000 cfm). 1t was
mounted akout 122 cm (48 1n.) from the degreaser, the hottom of
the fan being level with the degreuser lip. Air velocity mea-
surements were made with a Kurz Mode' 444 hot-wire anemometer,
NBS traceable calib:i. -ion.

Two target air velocities were used in the tests: 0.67 m/s
(132 ft/min; and 1.12 m/s (220 ft/min). Before each test, air
velocity measurements were taken at six equally spaced points on
a line running 10 cm (4 in.) above the upwind 1ip of the de-
greaser. Velocities were changed by adjusting the fan speed or
obstructing portions of the front or back of the fan with tape.

During the test, air velocity measurements were taken at 23
positions on each degreaser. Because only one anemumetelr was
available, each measurement was taken separately. First, an air
velocity profiie ly'ng within 5 percent of the target velocity
was achieved at the 10-cm level. The probe was then mounted for
15 minutes in the probe stand for each of positions 1 through 6
at the 10-cm level. The sequence of positions was randomly
selected. Air velocity at each of the other 17 positions was
measured for 1 minute during each 6-hour test seunent. The
output of the velocity probe was recorded throughout the test.

The probe 1s very sensitive to turbulence, as shown in
Figure 2. The velocity response curve was fitted to a poly-
nomial equation as follows:

V = 0.268 X2 + 1.648 1¢c < Vv < 600 ft/min
where V = velocity (ft/min)
X = percent. of chart
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During actual testing the anemometer chart was read visu-
ally, anad the readings were not integrated over the time period.
The portion of the chart presented in Figure 2 shows air
velocity fluctuations from O to 1.08 m/s (0 to 212 ft/min);
0.406 m/s (80 ft/min) was the visual average of the portion of
the chart presented in Figure 2.

Table 1 lists the average velocity readings for each test
at positions 1 through 6 [at 10 cm (4 in.), 30.5 cm (12 in.),
and 46 cm (18 in.) above the degreaser lip] and at positions 7
through 11 [at 10 cm (4 in.) above the degreaser lip].

AUTOMATIC LID

A baiparting lid designed for Degreaser A closed esutomati-
cally whenever the load was removed from the Jdegreaser. Lid
controls were integrated into che timer controls for the hoist
system. The 1lid remained totally closed for 98 out of 391
seconds, or 25 percent of the time required for each load cycle.
This figure excludes closing and opening times of 20 seconds
each.

The lid was installed so that the top closed at a level
that would be considered 55 porcent FR. Baffles were added to
increase the FR to 75 percent. The lid could not be installed
directly on top of i 75 percent FR collar modification because
the motor housings were located on the ends of the lid and would
obstruct airflow. This would be inconsistent with the intent to
test the 1lid on a deyreaser with a 75 percent FR. The motor
housing extended up to a 1level that would be considered 92
percent FR. Although the housing would not act as a 92 percent
FR, its exact effect could1 not be quantified and was thus not
correlated with other tests in the series. The motor housings
were removed, ancé the 1lid was installed directly on the 50
percent FR degreaser; the baffles were added to increase FR to
75 percent.



TABLE 1.

AVERAGE VELOCITY READINGS TAKEN DURING EACH PHASE 2 TEST

Average velocity at 10 cm adove, Vip, ov/s

Target
Test velocity, At 10 cm At 30 co At 46 cm Average for positions | At posi- At posi-
MNo. Degreascr m/s above 11p above 1ip above lip 7 through 9 tion 10 tion 11
101 A 0.67 0.60 0.39 0.20
8 0.67 0.69 0.4) 0.23
102 A 1.12 0.99 0.67 0.27
[} 1.12 1.14 0.66 0.30
103 A 0.67 0.36 0.34 0 09 0.09 0.20 0.03
B 0.67 0.77 0.94 0.61 on 0.15 0.05
104 A 1.12 0.69 0.51 0.28 0.1 0.10 0 05
] 1.2 0.91 0.96 045 0.32 0 36 0.08
105 A 0.67 0.69 0.33 0.23
B 0.67 0.68 0.49 0.30
106 A [ 14 1.03 0.67 KA
B 1.12 0.92 1 46 1.06
107 A 0.67 0.70 0.20 0.07 0.10 0.19 0.29
8 o 67 0.57 1.19 0.94 0.2? 0.29 o.n
108 A 1.12 1.63 0.66 0.4/ 0.33 0.4) 026
B 1.12 1.12 0.34 0.10 0.16 0.19 0.37
109 A Calm Calm
B Calm Calm
110 A 0.67 0.45 0.22 on 0.10 0.05
B Calm Calm
m A 1.12 1.7 0.58 0.36 0.27 0.4 0.41
B 1.1
12 A 0.67 0.51 0.20 0.07 0.05 0.C8 0.20
8 Calm Calm
13 : 1.12 t.28 0.55 0.15 0.21 0.2% 0.56

(continued)
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TABLE 1 {continued)

Average velocity of positions 1 through 6, avs Average velocity at 10 cm above, lip, a/s
Target
Test velocity, At 10 cm At 30 c¢m At 46 cm Average for positions | At posi- At posi-
No. Degreaser m/s above 1ip above 1ip above 1ip 7 through 9 tion 10 tion 11
114 A
B
ns A
8
116 A
B
17 A 0.67 0.70 0.46 0.19 0.04 0.10 0.13
B 0.67 0.78 0.60 0.33 0.10 0.20 0.15
118 A 112 1.05 0.30 0.09 0.29 0.27 0.29
1.12 1,04 0.62 0.23 0.20 018 0.79
119 A 1.12 1.09 1.07 0.43 0.19 0.41 C.66
B 1.12 1.21 C.96 0.17 0.57 0.51 0.79
120 A 0.67 0.52 0.94 0.58 0.05 0.05 0.51
B 0.67 0.57 0.47 0.39 0.05 0.08 0.05
121 A 0.67 0.3% 0.55 0.40 0.19 o 0.09
8 0.67 0.89 0.76 0.34 0.21 0.29 0.29
122 A 112 0.90 0.84 0.40 0.30 0.25 0.15
B 1.12 1.15 0.722 0.29 0.2 033 0 56
123 A 0.67 0.60 0.92 0.59 0.08 0.36 0.08
B 0.67 0.50 0.68 0.41 u.05 0.03 0.03
124 A 1.12 1.06 1.22 1.00 0.12 0.47 0.30
8 1.12 09 1.06 0.54 0.18 0.56 0.36
125 A Caim 0.09 0.08 .10 |
8 Calm 0.06 0.08 c.10
126 A
8 1

(continued)



TABLE 1 (continued)

3 il dadl — — — e - - il L — Al T LR
Averaqge velocity of position., 1 through 6, m/s Averaane velocity at 19 ¢em Jlave, Vip, a/s
Targel - Tt T cTTTTRETrTT T Tyt aade -r— "
Test velocity, At 10 ¢n At 30 cm At 46 cm Average “or positions | At posf- At posi-
ho. Degreaser a/s above lip above 11p above tip 7 through 9 tion 10 tion 11
127 A Calm 0.1? 0.13 0.14 0.10 003 0 06
8 Calm .03 0.12 o 0.09 0.08 902
1:8 A
B
129 A Calm 009 0.0% L.67 0.10 0.07 0.04
8 Calm 0.06 0.10 010 0.09 0.18 0.10
130 A 0.67 0.73 0.18 0.03 003 0.18 0.46
B 0.67 0.54 0.97 0.47 0.22 0.25% 0.0%
1 » Caln 0.13 0.0% .05 0.05
8 Caln 0.05 0.06 0.06 0.06 0.10 0.05
132 A
8
133 A
8
134 A
B
135 A Caln
8 Caln
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TABLE 1la.

AVERAGE VELOCITY READINGS TAKEN DURING EACH PHASE 2 TEST
(English Units)

- - .- - - - = - L L T o o — o
Target ) Aveuge velmuy of posnlons ] l._nrovgh 6, n/n!n Merage veloclly u. L} 1n lbove Hp. ft/min
Test velgcity, At ¢ in. At 1?2 ln At 18 In Aven?e for posnlons Av. posl- At posi-
No Degreaser ft/min atove lip above lip abose 1ip through 9 tion 10 tion 1}
101 14 132 19 16.9 38 61
B 132 135 h0 8 45.22
102 A 220 195 131.7 §3.33
] 220 223 130 60.0
103 A 132 69.6 €6 18 18.33 40 5
8 132 151 186 121 21 67 30 10
164 A 220 135 1n0 5 20.8) 20 10
] 220 180 188 89 63 33 70 15
105 A 132 136 65 8 45
8 132 134 95 8 $8.3
106 A 220 203 132 NA
8 220 181 287 208
107 A 132 138 40 14 20.0 36.67 56.67
[ 132 k] 234 186 52.22 $6.67 21.67
108 A 220 202 129 93 65 80 51.¢€7
] 220 221 656 19 32 38 33 72
109 A Caln Caln
8 Cala Calm
110 A 132 48 4.5 22 20 10
8 Calm Calm
m A 220 230 115 n 52.5 80 80
] 2.0
[RF A 132 100 38.5 13 10 15 40
B Calm Caln
13 A 220 252 108 29 42.22 50 110
8

(continued)
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TABLE la (continued)

Target I Averaje velocity of ws-t_!ov;s-l through 6—. lt/nh; ’ Ave-ro;- velo(ﬂ; at & in ab.ove Il-n. ll}-;v;
Test veluCity. At 4 an At in. At 18 in. Average for pot‘tions | At post- | At posi-
ho Deqr caser ft/min | above lip above lip adbove 1ip torough 9 tion If tion N
-} $ ’
14 A i [
[ !
!
s A !
|‘6 A | 1
8 !
" A 12 | i 90 8 3.5 1.3 20 25
8 | 132 | 154 : nzs 65 20 40 3
3T} » Vo2 | b i 59 2 17.2 56.67 525 51.5
6 220 204 ' w29 45.4 o0 3 170
1 |
ng s 220 1] t 210 ! 85 36 67 80 130
8 220 219 : 126 ! 32.5 111.67 100 155
! |
120 A LY 12 | 184.% s 9 67 10 100
8 Lo i 12 91.? 175 10 15 10
12 A l 132 ! 76.4 l 167.5 19.2 36 6/ 25 175
8 132 17¢ ! a9 66 ) 41.67 57.5 57 8
]
12 A | 20 b i 66 19 60 50 30
B | 220 ] 227 l 142,15 58 60 7% no
123 A 1132 T ! % ) 15 76 15
B R § 73 i 9 6 : 134.6 ! &0 9 5 5
]
124 A | diu ! 209 I 4l | 197 22.8) 92.5 (]
8 l 226 . 180 ! 08 ! 106 3% 1no 70
125 A 1 zalm | wa | 16 ’ 20.33
8 | Calm i n 67 16 20
128 A I ’
8 | |

(continued)
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TABLE 1a (continued)

larget A!e_::_nge_ 10_!_9_«_:152 of positions 1 through 6, ft/min Average velocity at 4 in. above lip, ft/min
Test velozity, At 4 in At 12 in At 16 tn, Aveuge for positions | At posi- { At posi-
No Degrease ' ft/oia above 11, above 1ip abuve tip through 9 tion 10 | tion N
————— e e e
127 A ' caim 22 & 25 83 2.8 19.33 8 12
8 Calr 17 83 23.5 18 % 16.67 16 S
128 A
8
129 A Calm 175 18 1 67 20 14 8
] Caln 2.7 9 19 18 35 20
110 A 132 125 35 8 6.5 5.67 35 50
B 132 107 191 6 91 433 50 10
(K} A Calm 26 10 8 10
8 Calm 9.5 n 11.33 n 19 1c
132 A
8
133 A
E L]
134 A
B
135 A Calm
8 Calm ]




FREEBOARD RATI10

Freeboard ratio is the fraction (or percentage) that re-
sults when degreaser wall height (above the vapor 1line) is
divided by the width of the degreaser top opening. In Phase 2,
FR was tested at 75 and 125 percent only.

REFRIGERATED FREEBOARD CHILLER

Two RFC designs were tested in Phase 2: RFC I, with a
refrigerant temperature range of 1° to 2°C (34° to 36°F), and
RFC I1I, with a range of =-29° to =-40°C (-20° to =-40°F). The
third RFC design that was tested in Phase 1--RFC II at a range
of =23° to -32°C (-9° to -26°F)-~was not tested in this phase.

SOLVENT

As in Phase 1, the two solvents tested in Phase 2 were TE
and MC.

HOIST SPEED

In Phase 1, the hoist speeds tested were 0.04 m/s (8 ft/
min) and 0.08 m/s (16 ft/min). In Phase 2, the hoist speed
tested was 0.055 m/s (ll1 ft/min), which is the maximum speed
suggested by manufacturers.

Pullies were used to increase the speed to 0.162 m/s
(32 ft/min), then to reduce it by one-third to 0.055 m/s.

15



SECTION 3

PHASE 2 TEST RESULTS

METHOD OF ANALYSIS

The test program was conducted under a factorial design,
wherein each variable is at a different and distinct level. 1In
this case, air velocity was tested at the three levels: calm;
0.67 m/s (132 ft/min); and 1.12 m/s (220 ft/min). The calm air
velocity tests were selected from Phase 1. The RFC was operated
at two levels (off and on), FR was at two levels (75 and 120,
percent), and two solvents were chosen (TE and MC). Replication
of each test on a second degreaser was not considered a variable
in the factorial design.

Analysis of variance with tests of significance 1is the
typical method of evaluating the results. This analysis tells
us, based on mean values and standard deviation, whether the
difference in mean values between two levels of a variable is
caused by something other than chance. Further, it tells us the
probability of error in accepting a difference as significant
when 1t is in fact caused by chance. The analysis of variance
also indicates th=2 interaction of the variables. For example,
as a variable changes from one level to the next it changes the
other vartables in one of two ways: by the magnitude or by the
directicn of the change.

An initial screening of the data showed some factors that
limit the wvalue of an analysis of variance. A factorial design
using analysis of variance requires a random testing sequence
for the purpose of limitiag the effect cf variables beyond our
control. A good example of variables beyond our control can be

16



seen in tests that are separated by a long tim= span. In this
case, a bias is introduced because the tests at the end of the
period may be operated by different personnel than the tests at
the beginning. A random test sequence limits the effect on the
data base of these uncontrollable variables.

Several overriding constraints, however, caused us to
select a test sequence that was not totally random. Solvent
changes required at least 3 to 4 days: the degreasers had tov be
drained, dried, boiled out with water and sodium carbonate or
bicarktonate, drained and dried again, and filled with new sol-
vent. Bacause of the large effort involved in changing the
solvent on a random basis, it was decided to operate the tests
in two sets, each with a different solvent. This test method
limits the comparison of the two solvents in terms of absclute
values of solvent loss, but does nct limit the comparison of the
effects of the other variables on each solveit.

Another constraint was the use of calm air tests frcm Phase
1, which was separated by many months from Phase 2. This bias
7as acceptably reduced by rerunning three Phase 1 tests at the
beginning of Phase 2.

A third ccnstraint was the discovery, shortly after Phase 2
testing started, that RFC II was defective. Consequently, tests
using the RFC's were postponed until the unit was repaired, and
the teut‘ng of cther variables continued. The possibkility of a
time bias was recognized, but testing had to stop for 1 month
while the chiller was repaired. An additional test without the
RFC's was added near the end of the tests to flag any bias prob-
lems resulting from this change in schedule.

Adnother requirement of a factorial design is the setting of
variables at levels that are consistent from one test to the
next. The measured airflow over the degreaser at 10 cm did not
meet this requir~ment. Before each test, the windspeed at the
downwind lip of the degreaser was set within + 5 percent of the

17



two velocities (either 0.67 m/s or 1.12 m/s). This tolerance
would normally be sufficient to meet the requirement of a fac-
torial design. During the test, however, continuous measure-
ments of velocity taken at the 10-cm level showed average velo-
cities that were sometimes quite different from the average
obtained at the beginning of the test. The differences were
great enough to prevent this requirement of the factorial design
from being met.

Tables 2 through 7 and Figures 3 through 15 present the
test results. Appropriate comparisons with Phase 1 data have
b .n included.

EFFECT OF CROSSCURRENT AIR VELOCITY

Tests on operating degreasers using TE and MC showed a
direc:. relationship between air velocity at the lip and solvent
loss rate. As the velocity increased the solvent loss in-
crea  ed, and the rate of increase in solvent loss increased with
increasing air velocity. Three different air velocities were
used in tests of an operating degreaser with RFC off, load area
of 50 percent, hoist speed of 0.04 m/s (8 ft/min), FR of 75
percent, and using TE. When compared with the base case,*
solvent loss decreased by a range of 7 to 25 percent at calm
air; increased by 2 to 13 percent at 0.67 m/s (132 ft/min): and
increased by 65 to 14% percent at 1.12 m/s (220 ft/min) (Figure
3). At 125 percent FR (and all other conditions the same), a
similar effect was observad i1n relation to the base case (Figure
3). Changes in solvent loss ranged from a decrease of 4 percent
to an increase of 31 percent at calm air, an increase of 64 to

* Base case: Degreaser with 50 percent FR and operating under
conditions of calm air (0.1 m/s, 20 ft/min).
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TABLE 2. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS USING 1.1,)1-TRICHLOROETHAHE

Test condittons® ! Solvent Yoss data
[~ ]

s £ " . da Ocgresses A Degresser B

= = - e H x

E 2] & ]e |2 |°= Decrease (Incresse) [<% Dcsrease (Inrrease)

Ci1o|Slalnd] Sl |222 from base case o2 from bise case

o= al c Lo z- - >y v~ E kg/h I-'E kg/h

wlelol®la8s |22 |8 (28 |k kg/h 28 5

“w wlole~|=-¢ ‘38 2“ sg& -y 9 3 32& kG/h

Ll 81&s | 28|&2 |22 |2 o= 1

I S I I I s0 | 0.1 1.04 1.00

I P I O 715 | 0. 0.97| 0.0 7.0 0.75| 0.5 24.5
101 hoy{ /¢ + 4 75 0.67 0.59 [1.181 {0.141) {13.2) 0.69 1.01 3 (0.015) (1.73)
10z o2l v | 7} ¢ 75 1.12 117 ]2.551 (1.511) | (149) 1.14 1.651 (0.451) (65.4)
109 {d| 7| ¥ v 125 0.1 1.363 (0.323) (30.6) 0.955 0 045 §4.27
105 e, vV ' 125 0.67 0.705] 1.846 (0.806) {77.0) 0.776 | 1.640 {0.640) (64.4)
106 1o 7} 7 / 125 1.12 1.03 |1.964 {0.924) (e8.3) 0.92 I.ZGi {0.265) (22.8)

2 Hoist speed of 0.04 m/s and a load area of 50 percent unless otherwise indicated.
Time-wei1ghted average of weight loss of Tests 1, 6, 7, B and 89, from Phase 1.

¢ Tune-werghted average of Tests 22, 43, 84, 87 and 90, weraht loss only from Phase 1.
Time-weighted average of Tests 105, 127 and 129; weight loss and air velocity at 1ip only.

€ Time-weighted average of Tests 105 and 130; weight loss and air velocity at lip only.
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TABLE 2a. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS USINa 1,1,1-TRICHLOROETHANE
(English Units)

Test conditions® Solvent loss data
T

° _-? e & o Degreaser A Degreaser B

= = a2 >z toe roe

S 8 c (€= 1o Eo =g Decrease (Increase) LR Decrease (Increase)

oiglslu (g . S5~ (223 from base case T2 from base case

Cl=Z]181 & |55 |To|8c|2E|55% | W/ Lge [to/m

glgl=| 2|28 |E5 |82 (208|284 1b/h 1 224 W/ :

& |lw|l=]o|to |}l tn |looLs oo~ QD -

—lr ||l ]lav | xo]us |[Fee |5~ T >

[ B B 4 ' 50 20 P.30 2.20

3]V 75 20 P.14 0.16 7.0 1.66 n 54 24.5
100 jHi| v 7 Y 7% 132 119 p.604 (0.304) (13.2) 135 2 238 {0.038) (1.73)
10 {102 /1 7 75 220 195 p 623 (3.323) (144) 224 3.639 (1 439) (65.4)
109 Ja | /| / Y 25 20 B.004 (0 705) (30.7) 2.106 0.094 4.27
105 je| /| ¢ 4 125 132 139 h 072 (1.772) (77 0) 153 618 (1.418) (64.5)
06 Nhoe| | v 126 | 220 203 n.33p| (2.030) (88.3) 181 |2.780| (0.589) | (26.8)

3 Hoist speed of 8 ft/min and a load area of 50 percert unless otherwice indicated.

s Time~weryhted average of weight loss of Tests 1, 6, 7, 8, and 89, from Phase 1.

¢ Time-werghted average of Tests 22, 43, 84, 87, and 90, weight loss only from Phase 1.

d Tune~weighted average of Tests 103, 127, ard 129, weight loss and air velocity at lip only.
© Time-weighted average of Tests 105 and 130, weight loss and air velocity at lip only.
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TABLE 3. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR

OPLRATING DEGREASERS USING 1,1,1-TRICHLOROETHANE WITH RFC ON

Test conditfons®

Solvent loss data

° g ‘L s a Degreaser A Degreaser B

= - -] >= - > o

s 2 clEs]le [Lto (== Decrease (Increase) |S'= Decrease (Increase)

2lalsSlulng| . Sl5"m1°° |B2e from base case T from base case

I8l S|55|Tv| 80|22 [5GE [k/n 5% € | ko/h
olel®]|2|8e (2|82 |- a8 - kg/h 3 28 . } 4

wlalelslve|leclos |[tun|sia m~—a lg/h

o |lo]~|]o|ro|ao|re |lsos]law~ 'O

il ]|av]lxdolus {-~E |x>~ L >

LI I AN I 50 0.1 1.04 1.00

Jjeiv|v] ¥ % | 0.1 0.97 0.07 1.0 0.75 0.25 a.5
W6 jdj/s/ /]| v 4 50 | 0.1 0.99 0.05 5.2 0.92 n.o8 1.7
17 le{ 77|/} 7 / % | 0.1 0.96 0.08 8.3 0.82 0.18 18.2
1w po3l vy | v/ 7/ 75 0.67 0.35 | 1.838 (0.798) | (76.7) 0.766 |2.277 (1.277) [{(128)
104 Hoa| v 7/ | ¢/ / 15 1.12 1 0.68 |2.969] (1.924) [(184) 0876 |2.598 (1.598) [(160)
wilselv|v ]| v / 125 0.1 0.68 0.36 34.8 0.53 0.47 47.3
107 (o7 7] 7 / |25 | 0.67 | 0.70 {1.736 (0.696) | (66.4) 0 57 2.061 (1.061) [(107)
108 hog| /v | 7 / 125 1.12 1.02 14.172 (3.132) |(300) 1.12 1.685 (0.685) | (68.9)

® Hoist spead of 0.04 m/s and a load area of 50 percent unless otherwise indicated.

b Time-weighted average (TWA) of weight loss of Tests 1, 6, 7, 8, and 89 from Phase 1.
€ IwA of Tests 22, 43, 84, B7, and 90, weight loss only, from Phase 1.
d THA of weight loss of Tests 11, 14, 19, 25, 34, and 88 for Jegreaser A; 19, 25, and 34 for Degreaser B, from Phase 1.
€ TWA of weight loss of Tests 18 and 86 for Degreaser A; Test 18 for Ueyre2ser 8, from Phase 1.
f Test data from Phase 1.



(44

TABLE 3a.

(Engl.sh Units)

SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASEPS USING 1.1,1-TRICHLOROETHANE WITH RFC ON

Test condittons®

Solvent loss data

o

° £ ' v oa Ocgreaser A Degreaser 8

= = o2 >z —oe coc

s 3 . e | . I g Decrease (Increase) X2 Oecrease (Increase)

g' g § - I'E 5.5 " s :c E.‘?E from base case 33‘; \ from base case

ola|S|8|ag|fe |8 |s2g aEn | 3 bk

wlhlo|l~|E28|cs| 80 |TCE|SCa 1b/h L] 82 a 1b/h 2
S|2S[3j&a8 &8 | &2 |RAL|gE 2ex

LI I T 2 A 50 20 2.30 2.20

B/ /]| ¥ 75 22 2.14 0.16 7.0 1.66 0.54 4.5
16 |dj v/} 7/ 4 50 20 2.18 0.12 5.2 2.03 0.17 1.7
17 e |/ /| ¥/ / 75 20 2.1 0.19 8.3 1.80 0.40 18.2
103 13| /{ 7] ¥ 4 75 132 69.6 ]4.051 {1.751) (76.1) 151 |5.019 (2.819) | (128)
104 noaj / | / / / 75 220 135 6.536 (4.236) | (184) 180 |S.727 (3.527) ; (160)
18ft30] /| v / 4 125 20 1.80 0.80 34.8 1.16 1.04 47.3
107 o7} /| 7/ 4 4 125 132 138 3.827 (1.527) (665.4) 113 ]4.543 (2.343) | (107)
108 {08} /| / 4 4 125 220 202 9.197 (6.897) | (300) 221 |3 N5 (1.515)] (68.9}

8 Hoist speed of 8 ft/min and a load area of 50 percent unless otherwise indicated.
b Jime-weighted average (TWA) of weight loss of Tests 1, 6. 7, 8, and 89, from Phase 1.
€ TWA of weight loss of Tests 22, 43, 84, 87, and 90, from Phase 1.
9 1A of weight loss of Tests 11, 14, 19, 25, 34, and 88 for Degreaser A; 19, 25, and 34 for Degreaser B, from Phase 1.
© TWA of weight loss nf Tests i8 and 86 for Degreaser A; test 18 for Degreaser B, from Phase 1.
f Test data from Pnase 1.
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TABLE 4.

OPERATING DEGREASERS USING METHYLENE CHLORIDE WITH RFC OFF

SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR

Test conditions?

Selvent loss data

6 g - La Degreaser A Degreaser B

2 z g3 >z [Eo =y

o s cleEzle 1Eu |®= Decrease (Increase) |s'® Decrease (Increase)

PlolSlowlx®] .S15"1°° Iz from base case g0 from bate case

o= a [ [ S g- O a |& 2 o= E [ ki /h

cjle|as v| oo |« 50 kg/h 55 g

slale|2|E8 |45 85 |€5v (324 ka/h 3 224 ko/h '

SIS|3|c|vE[evd|ro |58 l|{8c2 b 9/

[ N - |V |0 |t [ b=E|X >— X >—

ubialv|vy| v 50 0.1 0.78 1.05

35b 1L A 4 / 75 0.1 0.61 0.17 21.6 c.87 0.18 17.2
17 M7 v / 75 0.67]10.70 |3.00Y (2.22} (287) 0.78 1.44¢ (0.39) (37.2)
18 218 v | v 4 75 1.1211.05 }5.767} (4.98) (644) 1.04 2.3 12.26) (126)
wblalvsiv] v 125 0.1 n.59 0.19 24.6 0.78 0.27 26.3
120 pao{ v | v | 7/ 125 0.67 ) 0.52 |[1.889 {(1.1) (144) 0.57 1.234 (0.18) (12.2)
19 piotv/ | v / 125 1.1211.09 [3.634] {2.854) (369) 1.21 4.077 (3 027) (288)

Test results from Phase 1.

b Hoist speed of 0.04 m/s and a Voad zrea of 50 rercent unless otherwise indicated.
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TABi.Z 4a. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS USING METHYLENE CHLORIDE WITH RFC OFF

(English Units)

Test conditions?

Solvent loss data

a fc_" e &a Degreaser A Degreaser 8

= z Hs >Z [Foe -

e 2 clEzl o o |°=% Decrease (Increase) |ow- Decrease (Increase)
Plel St |n®] . Si1s5"™°" |22 from base case VAS from base case
SIZ|3l5 |55 |28 (82|55 | ESE 1w/

-~ 20
¢lele| 2|88 [E5|8S |B5E|E8a 1b/h s |28, 1b/h :
S]le|ro]|es|rfm|msoa]|20 ™ S

lElS|3|a8|&8|&aR |22 |een 28

T IV OV B I 50 | 20 . 2.32

Isbl 78| v | v 4 75 20 1.34 0.37 21.6 1.92 0.40 V7.2
LAVAR IR V) A Y / 75 132 128 |6.614 (4.906) [(287) 154 3.183 (0.863) | (37.2)
1ng e} 7| ¢/ / 75 220 206 42.71 (11.005) |(644) 204 5.281 (2.921) |(126)
b a1] /] v 7 125 20 1.29 0.42 24.6 . 0.61 26.3
120 120 /] ¥/ % 125 132 102 [4.164 (2.454) |(144) M2 12.720 (0.40) (17.2)
19 |19} 7| v / 125 220 214 |8.012 (6.302) |(369) 239 |8.990 (6.670) |(288)

2 Hoist speed of 8 ft/min and a load area of 50 percent unless otherwise indicated.
Test results from Phase 1.



TABLE 5. SUMMARY OF SOLVEMNT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS USING METHYLENE CHLORIDE WITH RFC ON

I
H
I

Test conditiors? Solvent loss data

s ::_" 'V e e Degreaser A Degreaser B
= — [ X LA~ 13 -

- - - - -
a s vlEZ e IV LK Decrease (Increase) |=o Decrease (Increase)
PlalSlolnd] . S|15% | ms |BDan froa base case T2 from base case
olz|lale|ie]o I YRS L= E |yq/h L-E kg/h
ololol2lE@slzelse o2, 138 |Y kg/h % 28 . kg/h %
A I I AR H ies !
= ldj» (o o | e b= X >~ X >
a3t vl sl v 50| 0.1 0.78 1.05
-3l 71 AV R B 5| on 0.61| 0.7 21.6 0.87 0.18 17.2
asja| vl v} v / so| 0. 0.88| (0.10) (13.5) G 89 0.16 15.5
PYLE TS I I R 51 0.4 0.73 0.05 6.4 0.59 .45 4.0
121 hary v 7| ¢ v/ 15| o0.67] 0.387 |1.515] (0.74) (95.3) 0.898 |1.575| (0.525) | (49.7)
122 zzf v v | ~ v 75| 1.12] 0.97 {2.582] (1.80) (233) 1.157 |1.849) (0.799) | (75.7)
wlalv]v] v 125 0.1 0.59 0.19 2.5 0.78 .27 26.3
asbla2| /]| /| v v/ 1251 0.1 0.59 0.19 24.6 0.4 0.64 61.2
123 haay vl v | v / 15| 0.67| 0.66 }1.607] (0.83) (107) 0.50 |0.806 0.244 23.4
12 haa|l v 7| v / 125] 1.12] 1.06 |2.649] (1.87) (241) 6.919 (1v.217] (0.167) | (15.6)

2 Houst speed of 0.04 m/s and a load area of 50 percent unless otherwise indicated.
b Test results from “hase 1.
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TABLE 5a. SUMMARY OF SOLVENT LOSS DATA ~ROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS USING MET:IYLENE CHLORIDE WITH RFC ON
(English Units)

Test conditions® Solvent loss data
g . .

s £ VL $a Degreaser A Degreaser 8

= - s >z Ll ee foe

a 8 clEqz |l o o |7°F Decrease (Increase) o0 Decrease (increase)

ClolS]ew|n8] . S]l5™]|%°° |v2> from base case 22 from base case

-2 = o [ -4 . C .O_l 8 ld o g b wm ‘b,h [ uriy v ]b/h

) M a [ h-J (-] WM |3V 3 U

wlnle|Z2|EB|E5| 85 |PCE |22 15/h L 22 g 1b/h L

@ @ | - = O o O - O QO | @ s

- 12 Rleg &8s |22 E > e 2=

ablazg sl s | v 50 20 1.7 2.32

bl 74l v | v 7/ 75 20 1.3% 0.37 21.6 1.92 0.40 17.2
43b| 38| v | v 4 4 S0 20 1.94 (0.23) (13.9) 1.96 0.36 15.5
ad]1s] v | v 4 / 75 20 1.60 o.n 6.4 1.30 1.02 44.0
12 121 7/} v 7/ 7/ 75 132 76.4 |3.339] {1.629) (95.3) 176 3.2 (1.152) } (49.7)
122 p22} v 7 4 / 75 220 | 178 5.692 (3.982) |(233) 227 4.0 (1.757) 1 (75.7)
bl arf v | v v/ 125 20 1.29 0.42 24.6 1N 0.61 26.3
asbi a2t v | v / 125 20 1.29 2.42 24.6 0.90 1.42 61.2
123 23| /| 7/ / / 125 132 | 130 3.543 {1 833) [{107) 98.6 | 1.777 0.543 123.4,
124 24y v | ¢/ 7/ / 125 220 | 209 5.839] {4.129) {(241) 180 2.682 (0.362) § (15.6)

a Hoist speed of 8 ft/min and a load area of 50 percent unless otherwise indicated.
Test results from Phase 1.
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TA3LS 6. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FCR
OPCRATING DEGREASERS USING 1,1,1-TRICHLOROETHANE WITH POWERED LID OPERATING

Test conditions® Solvent loss data

S _g_' e é a . Dzagreaser A . Degreaser 8

z = - = -

a 2 clEzle |20 [es Decrease (Increase) |= % Dacrease (Increase)
3]|.-1e v £l tn |low Vv froa bzse case OV »w from base case
- o [ o N L < U o~ QU -~

oIEIS|S |55 T80 e2 |55F |xgn 5c€ | kb

wlel®] ¥ Zé.’ L i | e | Ove wo . kg/h 4 nwo 4
gle|2|3 |55 e8| 25 |58e|552 §ss ka/h

:-' o! - 3 & 3 é’g e b {ber E (X > L >
11 b/ v v 50 0.1 1.04
3] ¢} v v J/ 75 0.1 I 0.97 0.07 7.0

na2dma v v 7/ 75 0.67] 0.5C7|1.628 (0.588) (56.0)

13Ny v 7/ v/ 75 1.12] 1.27 (4.00) (2.961) i{284)

110di 11d 7/ 7/ v/ 75 0.67} 0.446]|1.785 (0.745) {(Nn.3)

mlhimjs 2l 2| 2] s 1.2} 107 j3.a1s]  (2.373) | (227)

? Hoist speed of 0.03 m/s and a Toad arza of 50 percent unless otherwise indicated.

b Time-w2ighted ave:age of weight lass of Tests 1, 6, 7. B and 89, from Phase 1.

¢ Time-weighted average of Tests 22, 43, 84, B7 a.d 90, weight loss only, frar “haen ¥,
Automatic powered 1id totally clorerd ~1/191 seconds of cycle,
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TABLE 6a. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING UEG SASERS USING 1,1,1-TRICHLOROETHANE WITH POWERED LID OPERATING
(English Units)

Test conditions®

Solvent loss data

on

8 £ - va Degrezser A Degreaser B
= = 2 = =g i
e 2 e |lE= ] o Lo |7mg Decrease (Inzrease) {= -u-E De:rease (Inrr2ase)
Plo]Sluelnd| . .Sla™|°2 |B25 from base case a3 from base case
a2 S |55 |20 8s|82E|5C |1/h =S o —
wle]l®l¥|23 |0l C2 |82 . SO . T
wWinl|lol=|v€ |-uw] e LUE wea 1b/h % F - 1/% 2
¢ (o] o]lroc|lwvolre |00 |a'e— T
o ]lvljav s luwik |[ree £ >~ TSe
11|/ | 7 / 50 20 2.3
b I I A 7/ 75 20 2.14 0.16 N

nwee izl v / 15 132 100 |3.589 (1.289) (56.0)

nimsjv|v / 75 220 252 |8.821 (6.521) (284)

nod hiwo| 7 | 7 7/ / 75 13¢ 88 |3.935 (1.635) (n.1)

mdhnu|vs 71 7 / 15 | 220 230 ]7.5728] (5.224) | (227)

® Hoist speed of 8 ft/min and a load area of 50 percent unless otherwise 1ndicated.

b Time-weighted average of weight loss of Tests 1, 6, 7, 8, and 89, from Phase 1.

¢ Time-weighted average of Tests “¢, 43, 84, 87, and 90, weight loss only. from Phase 1.
d Automatic powered 1id totally closed 98/391 seconds of cycle.



TABLE 7. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATING DEGREASERS WITH HOIST SPEED OF 0.055 m/s (1)1 ft/min)

Test condftions®

Solvent loss data

s _‘::' . v &a Degreaser A Degreaser 8
= - [N > - A 3
3 a . |[«€Z ]w " o ecrease (Increase) @ Decrease (Increase)
SlelClwlng]| .Sl (o~ a from base case a from base case
>1Z1sle|as |Te|88 |82 |2 kg/h - kg/h
Ao | 2 |ER|EE]| 2T |PCn]| 2w kg/h ] . kg/h 1
L o - -] &= O [ N-] b < O O~ (= B
—l=]lu|lv]|av]|oa|lwse ji-~E| XTE x E
1oV} v/ ' 50 0.1 0.08 |1.00
3lei /] Y 7/ 75 0.1 0.04 10.75 0.25 24.5
125 oy v { v / 75 0.1 0.055 | 0.909 c.c91 8.95
N nd| 33| | v 7/ 75 0.1 0.08 |0.84 0.16 15.9
bt 109 109 7/ | ¥ / 125 0.1 0.04 h.363| (0.323) (20.7) 0.04 | 0.955 0.045 4.27
126 \v2} v 7/ / 125 0.055]0.733 0.2€7 26.5

9 Load area of 50 pércent unless otherwise indicated.

b Tire-weighted average of weight loss of Tests 1, 6, 7. 8, and 89. from Phase 1,

¢ Time-weighted average of Tests 22, 43, 84, 87, and 90, weight loss only. from Phase 1.
d Test results from Phase 1.
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TABLE 7a. >UMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 2 FOR
OPERATI}G DEGREASERS WITH HOIST SPEED OF 0.055 m/s (11 ft/min)
(English Uniteg)

Test conditions® Solvent loss data
o
8 = s ¢d . Degreaser A _ Degreaser B
- Q- L ©
s 3 e l&E= v L i Decrease (Increase) E Decrease (!Increase)
Ple|S|e|nB| S|a™]|%° | & from base case a from base case
=185 |55|20|B8ale2E s 1/ S |10/h
slolel 2 |EB|E5{ ST |PCE}2E 1b/h ] »E 15/h 3
L3 o - (- L O o o @ - O e (- X O &
[ ol - -l v [V} x O “w [ N X o T e
1¢d| /7] v / 50 20 8 2.20
Blclv] | v 75 20 8 .66 0.54 24.5
125 Mgy 7t 7/ v/ 75 20 n 2.003 0.i197 8.95
ndj a3l v v 4 75 20 16 1.85 0.35 15.9
109 j109] /| ¢/ / 125 20 8 |[3.004 0.705 30.7 8 2.106 0.094 q.27
126 N1 7| 7 / 125 20 1 1.617 0.583 26.5

3 Loau area of 50 percent unless otherwise indicated.
b Time-weighted average of weight loss of Tests 1, 6, 7, 8, and 89, from Phase 1.
¢ Time-weighted average of Tests 22, 43, 84, 87, and 90, weight loss only, from Phase ).

d Test results from Phase 1.



SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 DATA
UNSHAGED POINTS: PHASE 1 DATA

O 75% FR
O 125% FR

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA
RFC OFF

100 T | | | | LB

(100)

(200) |-

(300)

(400) I | | l | |
0 0.2 0.4 0.6

( 0.8 1.0 1.2
(40) (80)  (120)  (160)  (200)  (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCTY, m/s (ft/min)

Figure 3. Effect of high crosscurrent air velocity on solvent
loss from an operating degreaser using 1,1,1-trichloroethane.
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SOLVENT LOSS REDUCTION (INCREASE), %

o
o

Fa
O

SHADED POINTS: PHASE 2 DATA

UNSHADED POINTS: PHASE 1 DATA

TARGET AIR VELOCTIY, 0.1 m/s (20 ft/min); RFC OFF
TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC OFF
TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC OFF
TARGET AIR VELOCITY, 1.12 m/s (220 ft/min); RFC OFF

© TARGET AIR VELOCITY, 1.12 m/s (220 ft/min); RFC ON

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD ARZA

1001 T ! | l
0
\
(100)
(200)
(300)
(400) ] ] ] 1
50 75 100 125

fr

FREEBCARD RATIO, %

Figure 4. Effect of freeboard ratio on solvent loss
om an operating degreaser using 1,1,1-trichloroethane
at different target air velocities.
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 CATA
UNSHADED POINTS: PHASE 1 DATA
O BOTH RFC'S OFF
O RFC 1 ON; REFRIGERANT TEMPERATURE, >0°C (32°F)
A RFC 11 ON; REFRIGERANT TEMPERATURE, -29° TO -40°C (-20° TO -49°F)

HOIST SPEED, 0.04 m/s (8 ft/min)

50% LOAD AREA
100 T 1 T T I

(100)

(200) - =1

(300) i

(400) - ~

(500) ] ! | | |
0 0.2 0.4 0.6 0.8 1.0 12

(40) (80) (120) (160) (200) (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 5. Effect of refrigerated freeboard chiller on
solvent loss from an operating degreaser using
1,1,1-trichloroethane at 75 percent freeboard ratio.



SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 DATA
UNSHADED POINTS: PHASE 1 DATA
O BOTH RFC'S OFF
C RFC 1 ON; REFRIGERANT TEMPERATURE, >0°C (32°F)
& RFC IT ON; REFRIGERANT TEMPERATURE, -29° TO -40°C (-20° TO -40°F)

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA

100 1 | T T |
0
(100) -
(200) |- .
(300) - -
(400) -
| ] | I |
0 0.2 0.4 0.6 0.8 1.0 1.2

(40) (80) (120) (160) (200) (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 6. Effect of refrigerated freeboard chiller on solvent loss
from an operating degreaser using 1,1,1-trichloroethane at
125 percent freeboard ratio.
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 1 DATA
UNSHADED POINTS: PHASE 1 DATA

O RFC 1; REFRIGERANT TEMPERATURE, »0°C (32°F); 75% FR
O RFC I; REFRIGERANT TEMPERATURE, >0“C (32°F); 125% FR
¥ RFC II; REFRIGERANT TEMPERATURE, -29° TO -40°C (-20° TO -40°F); 75% FR
O RFC 11; REFRIGERANT TEMPERATURE, -29° TO -40°C (-20° TO -40°F); 125% FR
HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD- AREA
100 T T
0
(100) | ~
(200) - —
(300) - —
(400) 1 l

OFF OoN
REFRIGERATED FREEBOARD CHILLER

Figure 7. Effect of refrigerated freeboard chiller on solvent loss
from an operating degreaser using 1,1,1-trichloroethane at
high crosscurrent air velocities.
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SHADED POINTS: PHASE 2 DATA
UNSHADED POINTS: PHASE 1 DATA
O 75% FR
o 125% FR

HOIST SPEED, 0.04 m/s (8 ft/min)

50% LOAD AREA
200 T T I T T T

(200)

(400)

(600)

SOLVENT LOSS REDUCTION (INCREASE), %

(800) =

(1000) | | | | B |
' 0.2 0.4 0.6 0.8 1.0 1.2

(40) (80) (120) (160} (200) (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 8. Effect of pigh crosscurrent air velocity on solvent loss
from an operating degreaser using methylene chloride.
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SHADED POINTS: PHASE 2 DATA

UNSHADED POINTS: PHASE 1 DATA
O (AWM AIR VELOCITY, 0.3 @/s (20 ft/min); RFC ON
O TARGET AIR VELOCITY, 0.67 m/s {132 ft/min); RFC OFF
O TARGET AIR VELOCITY, 0.67 m/s {132 ft/min); RFC ON
@ TARGET AIR VELOCITY, 1.12 m/s (220 ft/min); RFC OFF
{> TARGET AIR VELOCITY, 1.12 m/s (220 ft/min); RFC ON

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA

100 T T | T

= {(100)

(200} |-

(300) |— ~

(200) |- -

SOLVENT LOSS REDUCTION (INCREASE),

(500} p— -

(600) - —

] ] | i
50 75 100 125

FREEBOARD RATIO, %

Figure 9. Effect of freeboard ratio on solvent loss from an
operating degreaser using methylene chloride.
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 DATA
UNSHADED POINTS: PHASE 1 DATA
& RFC OFF
ORFC I ON; REFRIGERANT TEMPERATURE, >0°C (32°F)
ORFC II ON; REFRIGERANT TEMPERATURE, -29° TO -40°C (-20° to -40°F)

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA
200 T T T T T

(200)

(400)

(600)

(800) - —

(1000) | 1 ] l |
0 0.2 0.4 0.6 0.8 1.0 1.2
(40) (80) (120) (160) (200) (240)

AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 10. Effect of refrigerated freeboard chiller on solvent loss
from an operating degreaser using methylene chloride at
75 percent freeboard ratio.
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SHADED POINTS: PHASE 2 DATA
UNSHADED OPQINTS: PHASE 1 DATA
O RFC OFF
ORFC I ON; REFRIGERANT TEMPIRATURE, »0°C (32°F)
O RFC II ON; REFRIGERANT TEMPERATURE, -29° 10 -40°C (-20° T0 -40°F;

HOIST SPEED, 0.04 m/s (f*/min)
50% LOAD AREA

200 T T T T T T

(200)

SOLVENT LOSS REDUCTION (INCREASE), %

(400) .
(600) [~ .
(800) |~ =
(1000) | | | | | |
0 0.2 0.4 0.6 0.8 1.0 1.2

(40) (80) (120) (160) (200) (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 11. Effect of refrigerated freeboard chiller on salvent loss
from an operating degreaser using methylene chloride at
125 percent freeboard ratio.

39



SHADED POINTS: PHASE 2 DAIA
UNSHADED POINTS: PHASE 1 DATA
O RFC I REFRIGERANT TEMPERATURE, 0°C (32°Fj; 75° FR
RFC 11 REFRIGERANT TEMPERATURE, 0°C (32°F); 125% FR
 RFC II REFRIGERANT TEMPERATURE, -29° TO -40°C
(-20° TO -4C°F); 75° FR
& RFC 11 REFRIGERANT TEMPERATURE, -29” TO -40°C
(-20 T0 -40"F); 125" FR

a]

100 T

(100) - -

(200)

J
L

(300)

(400)

SOLVENT LOSS REDUCTION {INCREASE), g

(500)

|
|

V
1

(600)

(700) ] ]
OFF ON

REFRIGERATED FREEBOARD CHILLER

Figure 12. Effect of refrigerated freeboard chiller on
solvent loss from an operating degreaser using methylene chloride
at high crosscuirrent air velocities.
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SOLVENT LOSS REDUCTION (INCREASE),

SHADED POINTS: PHASE 2 DATA
UNSHADED PGINTS: PHASE 1 DATA
NO AUTOMATIC LID, RFC I OFF
AUTOMATIC LID, RFC I OFF

NO AUTOMATIC LID, RFC L ON
AUTOMATIC LID, RFC I ON

b Q00

HOIST SPEED, 0.04 m/s (8 ft/min)

50% LOAD AREA

75% FR

THE AUTOMATIC LID IS TOTALLY CLOSED FOR
95 SECONDS DURING EACH 391-SECOND CYCLE

100 T T T T ] l

(100) |-

(200} -

(300) -

(400) I 1 1 ! ] I
0 0.2 0.4 0.6 0.8 1.0 1.2

(40) (80) (120) (160) (200) (240)
AVERAGE MEASURED CROSSCURRENT AIR VELOCITY, m/s (ft/min)

Figure 13. Effect of automatic 1id on solvent loss from an
operating degreaser usirg 1,1,1-trichloroethane.
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 DATA

UNSHADED POINTS: PHASE 1 DATA
O  TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC I OFF
©  TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC I ON
O TARGET AIR VELOCITY, 1.312 m/s (220 ft/min); RFC I OFF
& TARGET AIR VELOCITY, 1.12 m/s (220 ft/min); RFC I ON

HOIST SPEED, 0.04 m/s (8 ft/min)

50% LOAC AREA

75% FR

THE PQWERED LID IS CLOSED FOR 98 SECONDS
DURING EACH 391-SECOND CYCLE

100 T .
0

@ - -y

(100) +

(209) -

(300) |-
| i i

NO POWERED LID POWERED LID

Figure 14. Effect of automatic 1id on solvent loss from an
operating degreaser using 1,1,1-trichloroetrane at
high crosscurrent air velocities.
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 2 DATA
UNSHADED POINTS: PHASE 1 DATA

O HOIST SPEED, 0.04 m/s (8 ft/min)

& HOIST SPEED, 0.055 m/s (11 ft/min)
O HOIST SPEED, 0.08 m/s (16 ft/min)

50% LOAD AREA

60 T T T T

40 |-

20 -

(20) -

(40) ! ! 1 !

50 75 100 125
FREEBOARD RATIO, %

Figure 15. Effect of hoist speed on solvent loss from an
operating degreaser using 1,1,1-trichlorcethane.
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77 percent at 0.67 m/s (132 ft/min), and an increase of 27 to 88
percent at 1.12 m/s (220 ft/min). A similar trend was indicated
when the R¥C was turned on (Figure 5 and 6).

When MC was used as the solvent, the trend was the same as
when TE was used {¥igure 8). Compared with the base case, sol-
vent loss at 75 percent FR decreased by 17 to 22 percent at calm
air:; increased by 37 to 287 percent at 0.67 m/s (132 ft/min);
and increased by 126 to 644 percent at 1.12 m/s (220 ft/min). A
similar effect was observed at 125 percent FR. Solvent loss de=-
creased by 25 to 26 percent at calm air; increased by 17 to 144
percent at 0.67 m/s (132 ft/min); and increased by 288 to 319
percent at 1.12 m/s (220 ft/min). A similar trend was indicated
when the RFC was turned on (Figures 10 anc 1l1).

When all the data are averaged together (i.e., air velocity
sets grouped with an equal number of each level of the other
variables), a simple relationship can be developed between air
velocity and solvent loss, as shown in Table 8.

TABLE 8 RELATIONSHIP BETWEEN AIR VELOCITY AND
SOLVENT LOSS IN PHASE 2

Mean solvent Increase (decrease)

Velocity loss, kg/h (ib/h) from base case, %
Low: 0.1 m/s (20 ft/min) 0.76 (1.68) (25)
Medium: 0.67 m/s (132 ft/min) 1.66 (3.67) 63
High: 1.12 m/s (220 tt/min) 2.69 (5.92) 163

When an operating degreaser using TE had an automatic 1lid
installed at 75 percent FR and all other conditicns remained the
same, results still showed an increase in solvent loss as air
velocity increased (Figure 13).

EFFECT OF FREEBOARD RATIO

Figures 4 and 9 present the data on the relationship of FR
primarily, but also air velocity and RFC, to solvent loss. The
figures present the results of tests on an operating degreaser
using TE and MC respectively at primarily two different free-
board heights.
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An operating degreaser with 125 percent FR, RFC off, load
area of 50 percent, hoist speed of 0.04 m/s (8 ft/min), and
using TE showed a slight decrease in solvent loss when compared
with the same degreaser at 75 percent FR. At calm air and 75
percent FR, solvent loss ranged from 7 to 25 percent below the
base case; at caim air and 125 percent FR, solvent loss in-
creased to a range of 4 percent below to 31 percent above the
base case. At 0.67 m/s (132 ft/min) and 75 percent FR, solvent
loss ranged from 2 to 13 percent above the base case; at 0.67
m/s and 125 percent FR, solvent loss increased to a range of 64
to 77 percent above the base case. At 1.12 m/s (220 ft/min) and
75 percent FF, sonlvent loss ranged from ¢S5 to 144 percent above
the base case; at 1.12 m/s and 125 percent FR, solvent loss
decreased to a range of 27 to 88 percent above the base case.
In summary, at calm air solvent loss increased as FR increcased
from 75 to 125 percent; at 0.67 m/s solvent loss increased as
the FR increased from 75 to 125 percent; while at 1.12 m/s
solvent loss decreased substantially as FR increased from 75 to
125 percent.

when the RFC was turned on (and all other conditions re-
mained the same), the effect of changing the FR from 75 to 125
percent was similar; however, at 0.67 m/s (132 ft/min; solvent
loss increased when the FR vas changed from 75 to 125 percent,
and at 1.12 m/s (220 ft/min) it increased for one degreaser and
decreased for the other. There was a slight tendency for the
solvent loss rate to decrease as the FR increased from 75 to 125
percent at three different air velocities and TE solvent.

Similarly, when MC was used the solvent lcss also tended to
decrease as the FR was increased from 75 to 125 percent (all
other conditions remaining the same) (Figure 9). When the RFC
was off, ~t calm air and 75 percent FR, solvent loss ranged from
17 to 22 percent below the base case; at calm air and 125 FR,
solvent loss decreased to a range of 25 to 26 percent below the
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base case. At 0.67 m/s (132 ft/min) and 75 percent FR, solvent
loss ranged from 37 to 287 percent above the base case; at 0 67
m/s and 125 percent FR, solvent loss decreased to a range of 17
tc 144 percent above the base case. At 1.12 m/s (220 ft/min),
solvent loss on one degreaser increased from 126 to 288 percent
above the base case as FR was increased from 75 to 125 percent;
solvent loss from the other degreaser decreased from 644 to 369
percent above the base case as FR was increased from 75 to 125
percent. when the RFC was turned on and all other conditions
were the same, the effect on the trend in solvent loss of chang-
ing FR from 75 to 125 percent remained essentially the same.

EfFECT OF REFRIGERATED FREEBOARD CHILLER

Figures 7 and 12 present the data in a form that accentu-
ates the effect of the RFC. The data show that when TE was used
as the solvent the RFC definitely increased solvent loss (Figure
7); when MC was used as the solvent, the RFC definitely de-
creased solvent 1loss (Figure 12). This interaction is very
unusual and was totally unexpected. The data were examined
thoroughly to determine the cause of this phenomenon, and two
possible explanations can be forwarded: either the RFC actually
increased solvent loss when TE was used or the time lag between
the tests with and without the RFC was sufficient to introduce a
bias into the results. If the tests had been run in random
sequence, the bias could have been minimized.

Test 120 was run for the purpose of confirming either of
the above explanations. This test was a repeat of Test 105, but
was run directly after Test 107 without changing the fan posi-

tion. Solvent loss increased dramatically from Test 107, RFC
on, to Test 105, RFC off, indicating that the RFC reduced the
rate of solvent loss. Because Test 130 did not confirm the

theory that the RFC increased solvent loss with solvent TE,
comparisons of tests using TE and with RFC off or on cannot be
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made. When MC is used as the solvent, it can be concluded tuat
the RFC does reduce solvent loss. We suggest, because of ques-
tions about the effect of the RFC with one solvent, that the
effect of the RFC be verified cn botn solvents.

EFFECT CF AUTOMATIC LID

Figures 13 and 14 present the results of tests comparing
(against the base case) swlvent loss from an operating degreaser
with and without automatic lid, and also comparing the inter-
actior of the 1lid with an RFC. Unfurtunately, the results
appear to be influenced by the same time bias that influenced
the RFC results. “The tests with and without the automatic 1lid
and the RFC off were separated by a couple of months. These
tests showed that an automatic lid ircreased solvert loss sub-
stantially, which was contrary %o the expected results. It is
very likely that some variable beyond our control changed be-
tween the test with and that without the automatic 1lid, and
conseguently no conclusions can be drawn from this series of
tests.

The tests conducted with RFC on were sufficiently close in
time to keep this bias at a minimum. As shcwn in Figure 14,
when an automatic 1lid was used on an operating uegreaser with
RFC on and an air velocity of 0.67 m/s (132 ft/min), a slight
decrease in solvent loss occurred when compared with a similar
degreaser with no automatic lid. When the automatic lid was
used and the air velocity was 1.12 m/s (220 ft/min), a slight
increase in solvent loss occurred when compared with a similar
degreaser with no automatic 1lid. The conclusion is that the
automatic l1lid adds no additional control capability if an RFC is
already operating on the degreaser.
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RESULTS OF TESTS OF HOIST SPEED

In Phase 2, additional tests were included to increase in-
formation about the effect of hoist speed on solvent loss.
Three tests were contemplated, but because of equipment problems
only two of the tests could be run. The new data are nlotted in
Figure 1% alongside the data from Phase 1 (see Figure 14 in the
earlier report); only the new data, however, are given in Table
7 (except for the base case). Also shown in Table 7 and Figure
15 &are new data from test group 109 at 125 percent FR and
0.04-m/s (8-ft/min) hoist speed. These data replace those for
test group 31, Phase 1, which were gquestionable because the
cooling water to the load was not turned on during the test.

The results confirm those reported in Phase 1l: As hoist
speed is increased, solvent loss also increases. Except for the
data at 75 percent FR and hoist speed of 0.08 m/s (16 ft/min)
and al 125 percent and 0.04 m/s (8 ft/min), solvent loss was
higner (when compared with the base case) at 0.055 m/s (11
ft/min) than at ¢.04 m/s, and higher at 0.08 m/s than at 0.055
m/s.

Figure 9 shows the new data at 125 percent FR and hoist

speed of 0.04 m/s (8 ft/min). The data show an increase in
colvent loss as the FR is increased beyond 100 percent. This
anomaly cannot be explained. Because the test was repeated

twice on both degreasers with essentially the same results, the
difference cannot be attributed to chance.
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SECTION 4

PHASE 2 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

High Crosscurrent Air Velocity

When crosscurrent air velocity across the lip of the de-
greaser is increased above calm air velocities, solvent lJoss
from an operating degreaser increases above the base case (50
percent FR, 0.04 m/s or 8 ft/min hoist speed, and 50 percent
load area) for either solvent. Further, as the average air
velocity across the 1lip of the degreaser increases to higher
levels, the prcportional increase in solvent loss is greater.

Freeboard Ratio at High Crosscurrent Air Velocity

When crosscurrent air velccities are increased, there is
only a slight decrease in solvent loss as the FR 1s increased
from 75 to 125 percent with either solvent tested. This conclu-
sion is in agreement with Phase 1 testing, which indicated de-
creasing savings as FR was increased beyond 100 percent.

Freeboard Ratio at Calm Air Velocity

Under calm air conditions, solvent loss appears to increase
as FR is increased from 100 to 125 percent when TE is used as
the solvent and when the RFC is off. When MC is used, however,
solvent loss decreases when the FR is increased to 125 percent.
This conclusion contradicts Phase I results, and should be veri-
fied.

Refrigerated Freeboard Chiller at High Crossciurrent Air Velocity
With MC solvent, the degreasers using different RFC designs
showed substantial reductions in solvent loss at both high
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crosscurrent air velocities when the RFC was operated. With TE
solvent, the degreasers using different RFC designs generally
showed substantial increases in solvent loss at high air veloci-
ties when the RFC was operated. Because of this unexpected
result, an additional test was conducted; it did not verify the
initial results. Replication of this series of tests will help
in identifying the factors involved in this unusual set of
results.

Automatic Lid at High Crosscurrent Air Velocity
The automatic lid was tested only with TE, and conclusions
can only be drawn about its effect on this solvent. The 1lid

csiiows a slight decrease in solvent loss when the RFC is used and
an increase in solvent i1oss when the RFC is not used, when com-
pared with a degreaser operating under the same conditions but
without the lid. This conclusion is contradictory and should
also be verified through additional tests.

Hoist Speed at Calm Air Velocity
An intermediate hoist speed of 0.055 m/s (11 ft/min) was

tested for comparisor with previously tested speeds of 0.04 m/s
(8 ft/min) and 0.08 n/s (16 ft/min). As was expected, the re-
sults showed that the 0.055-m/s speed results in greater solvent
loss than the 0.04 -m/s speed and less solvent loss than the
0.08-m/s speed.

RECOMMENDATIONS

Based on the above conclusions, we recommend that addi-
tional testing be conducted to verify the effect on solvent loss
of the refrigerated freeboard chiller and the automatic lid, and
to verify the increase in solvent loss when the freeboard ratio
is increased from 100 to 125 percent with solvent TE and calm
air conditions. Further, we recommend additional testing of
high crosscurrent air velocity at freeboard ratios of 50 and 100
percent to assess the ability of increased FR as a control tech-
nique under thais ccndition.
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SECTION 5

PHASE 3 TEST CONDITIONS

The Phase 3 tests were designed to study the relationship
between air velocity and solvent loss control obtainable by usr:
of FR, RFC, and automatic lid. The aim was to Jase factorial
analysis for distinguishing significant trends from nonsignifi-
cant ones. Combining data from Phases 1, 2, and 3 made such
factorial analysis possible.

The first three Phase 3 tests showed that the baseline rate
of solvent loss from operating Degreasers A and B with TE had
changed. Although replacement of the primary condenser coil in
Degreaser A brought the operation back into design specifica-
tions, it did not restore the previous baseline rate. Because
of the baseline shift, raw data from Phases 1 and 2 cannot be
combined with raw data from Phase 3 in a rigorous statistical
analysis.

The first task in Phase 3 was to solve ecarlier problems in
air velocity measurement. Then four types of laboratory tests
were run: with TE, MC, no solvent, and smoke. As discussed in
Appendix E, a survey of seven industrial plants was also con-
ducted.

AIR VELOCITY MEASUREMENT SYSTEM

An improved air velocity system was developed for Phase 3
to overcome problems in the previous system design. Thece
problems included:

° Inability to achieve the same air velocity from test

to test

Inability to maintain constant air velocity during a
test
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° Accelerated instiumment degradation caused by excessive
handling

° Turbulence

Figure 16 shows tle design of the fan stands during the
Phase 3 tests, and Figure 17 is a block diagram of the elec-
tronic equipment used to measure and integrate the data gener-
ated by the air velocity probes. The fan stand design allowed
the relationship between the air velocity probes, fan, and
degreaser lip to be reproduced consistently and the fan and
probe to be raised or lowered easily, as required by changes in
the degreaser freeboard.

A ccenstant-voltage transformer was used to control the
voltage supplied to the fans ard thus minimize the fluctuations
in fan blade velocity. Cycling of electric motors and heaters
and changes in utility system volt.age tend to cause such fluctu-
ations. A separate variable transformer was included for each
fan, so that slight differences in fan motor design could be
overcome by adjusting the voltage. Thus, air flow character-
istics could be made very similar for each degreaser.

The electronic signal from the air velocity probe was fed
into a signal multiplier and then into an integrator, and the
integrator output was totaled by electromechaznical counters.
Because budget considerations precluded simul)taneous integration
of all six signals, only two signals (cne from eazh degreacser)
were integrated at the same time. Data from two probes were
recorded during each 1load cycle, which lasted 6.5 minutes.
Thus, a complete set of data from all six prcbes was recorded
every 19.5 minutes. All available data on asr velocity were
recorded each hour, and the accuracy cf the air velocity probes
was checked before each test.



SIDE VIEW OF FANS FOR DEGREASER A AND B

Figure 16. Fan s’ands during Phase 3.
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LABORATORY TESTS WITH 1,1, 1-TRICHLOROETHAN)N

Phase 3 laboratory tests began with Tests 136, 137, and
138, which were run to determine whether baseline performance
with TE had shifted. After the d:cection of such a shift, Tests
151, 152, and 153 were performed to obtain additional data on
the new baseline rate of solvent loss. Test 156 was run at the
same conditions as Test 152 to document the effect of a new
primary condenser in Degreaser A on solvent loss rate. As part
of the shakedown of equipment associated with fans and air
velocity measurement, Tests 154 and 155 were conducted. Other
Phase 3 tests with TE included one (Test 138) at 125 percent FR
and calm airflow with the RCF off to verify unusual data fromn
®hases 1 and 2 (i.e., results indicating that under some con-
ditions degreaser opecation at 125 percent FR can cause more
solvent loss than operation at 100, 75, and possibly even 50
percent FR) and one (Test 136) to determine the effect of two
different ambient temperatures on solvent loss. In addition,
Tests 1392 through 145 were run to measure the solvent loss
contro! obtainable by use of FR, RFC, and automatic lid at high
air velocity (0.67 m/s or 132 ft/min).

LABORATORY TESTS WITH METHYLENE CHLORIDE

Laboratory tests with MC ir.cluded Lwo (Tests 14¢ and 158)
to verify the repeatability of laboratory resialts and four
(Tests 147 through 150) to determine the sclvent loss control
obtainable by use of FR and RFC at high air velocity (0.67 m/s
or 132 ft/min).

LABORATORY TEST WITHOUT SOLVENT

Test 159 was run without solvent in either degreaser, but
with primary cooling water on, RFC off, and heat off. Previous
tests had shown unusual weight gains (C.5 to 1 kg or 1 tc 2 1b)
that lasted 1 or 2 hours, although they disappeared by the end
of each test. Changes in cooling water pressure were believed
to cause these gairs.
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LABORATORY TESTS WITH SMOKE

Tests were performed with smoke to gain information ebout
the airflow characteristics of each degreaser. This information
was used for modification of the airflow system to correct any
serious imbalances between the two degreasers. Smoke tests were
also used to investigate degreaser operation at the conditions
that produced unusual Phase 2 results with TE (i.e., 125 percent
FR and calm airflow).

FIELD TESTS

Airflow was measured over degreasers at seven industrial
plants to gain information about field conditions versus labora-
tory conditions and give the EPA an appropriate basis for regu-
lations.
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SECTION 6

PHASE 3 TEST RESULTS

LABORATORY TESTS WITH 1,1, 1-TRICHLOROETHANE

Bacseline Performance

At the beginning of Phase 3, three tests with TE from
Phases 1 and 2 were selected for repitition to determine whether
baseline degreaser performance had changed. These were the 50,
100, and 125 percent FR tests with RFC off at a calm airflow,
hoist speed of 0.04 m/s (8 ft/min), and load area of 50 percent.
The test at 50 percent FR indicated that solvent loss from the
operation of Degreaser A had increased significantly. Although
solvent loss from Degreaser B had also increased, the increase
was not sufficient to cause concern to the manufacturer of that
unit. An additional test at 75 percent FR was run to obtain
data about new baseline performance at all four FR's previously
tested. Table 9 summarizes baseline solvent 1loss data from
Phases 1, 2, and 3, and Figure 18 depicts the results of Phase 3
baseline performance tests and comparable earlier tests.

When called in to examine Degreaser A, the manufacturer
noticed that the primary condenser was not performing up to
specificaticns and required replacement. After replacenent,
another test was run at 75 percent FR to observe the effect of
the new condenser. The vapor line dropped 20.3 cm (8 in.) to
the Jdesign position, but solvent loss changed only slightly, as
shown in Figure 18.

The most impertant result of the baseline performance tests
was that FR acted in a similar fashion on both degreasers in
Phases 1, 2, and 3. Additional freeboard effectively controlled
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TABLE 9. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1, 2, AND 2 TOR OPERATING

DEGREASERS USING 1,1,1-TRICHLOROETHANE AT CALM AIR YELOCITY

Test conditions®

Zolvent loss data

g y .
o £ e o a Degreaser A Degreaser B
= = 22 >z = T
S 2 v |lE= ] o . Jne Decrease (Increase) o Dezrease (Increase)
Pla|lEluind|.Sl5™]|"° |B322 from base case gae from base case
TlE|eis|as |Tel8s |82 [33F [t - L=E€ | kg/h
slale|Z[EB |EE51%C |2Cn|22a kg/in 1 - kg/h b
a Q| - o t. O [T~ - ™ 8O0~ | & @ o2
i |V ]jav |0 iwe |[FrmE|X >~ T > -
b {v |V / 50 0.1 0.1 1.04 0.1 1.C0
3lc |/ |V / 75 0.1 0.1 0.97 0.073 6.96 0.1 0.75 0.25 24.5
dd 231/ | 7/ / 100 0.1 0.1 0.55 0.49 47.0 0.} 0.47 0.53 53.2
109009} v | v / 125 0.1 0.1 1.36] (0.32) (30.€) 0.1 0.96 0.043 4.27
151 s v | v/ 4 50 0.1 G.1 1.58] (0.21) (51.3) 0.1 1.16 (0.16) (16.3)
152 is2| v | vV v/ 75 0.1 0.1 1.25] (0.19) (20.0) 0.1 0.96 0.037 J.68
3783717 |/ / 100 0.1 0.i 1.30f (0.26) (24.6) 0.1 0.76 0.24 24.0
138 pa8|v | ¥ J 128 0.1 0.1 1.17] (0.13) (12.2) 0.1 1.00 (0.0059) (0.59)
156f 6|/ |/ / 75 0.1 0.1 1.23] (0.19) (17.56) 0.1 0.87 0.13 12.9

2 horst spred of 0.1 m/s and load area
b Time-weighted average of weight loss
¢ Time-weighted average of weight loss
d Phase 1 test.
€ Phase 2 test.
f Repeat of Test 152 after replacement of primary condenser coil on Degreaser A.

of 50 percent

unless otherwise indicated.

during Tests 1, 6, 7. 8, and 89. from Phase ).

during Tests 22, 43, 84, 87. and 90. from Phase 1.
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TABLE 9a. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1, 2, AND 3 FOR OPERATING
DEGREASEKZ USING 1,1,1-TPICHLOROETHANE AT CALM AIR VELOCITY

Test conditions® Salvent loss data
[-J

e £ e va Degreaser A Degreaser 8

= = P >z toc toc

S 3 LleS|o l=w [®%E Decrease (Increase) (= =g Decresse (Increase)

gl laglslolag Elgnjon |Joas from base case 2 from base case

oIE Sl EIES || 8 |02E|55% | 1b/h Lo |1b/h

vilula|2 |82 |E5|8c |PoE|ZE 1b/h t 28 16/h 1

o | w|l—-|o[so|vojsrmloosilow~— v~

[ - -t (2] o v [ -] [T [l N Y X > o=

1|{b| /| ¥ / 50 20 720 |2.30 20 2.20

e}l /]| ¥ 4 75 20 20 2.14 0.16 6.96 2 1.66 0.54 24.5

4d 23 /1 7 v 100 20 20 .72 1.08 47.0 20 1.03 1.17 53.2
109° IOJ {7 4 125 20 20 |3.n04 (0.704) (30.6) 20 2.1C% 0.094 4.27
158 {151 /) ¥ v/ 50 20 20 |3.aR0 (1.18) {51.3) 20 2.559 (n.359) { (16.3)
152 j158 /| 7 4 15 20 20 [2.760 (0.46) {20.0) 20 2.119 0.0u1 3.68
137 13 /| v / 100 20 20 |2 €66 (0.566) (24.6) 20 1.672 0.528 22.0
138|134 v] v/ 7/ 125 iy 20 [2.531 (0.281) (12.2) 20 2.213 {0.013) (0.99;
15Cf ISq 24 4 75 20 20 2.3 (0.413) (17.96) 20 1.917 0.283 12.9

Hoist speed of 8 'ft/min and load area of 50 percent unless otherwise indicatuc
Time-weighted average of weight loss during Tests 1, 6, 7, 4, and 89, from Prase 1.
Time-~e1ghted average of weight loss during Tests 22, 43, 84, and 90, from ?hase 1.
Phase 1 test.

Phase 2 test.

Repeat of Test 152 after replacement of primary condenser coii on Degreaser A.

o o
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solvent loss from new and used degreasers; although the baseline
rate of solvent loss shifted, the relative effect of increasing
FR did not change.

Effect of High Crosscurrent Air Velocity

Phase 3 tests at high crosscurrent air velocity (02.67 m/s
or 132 ft/min) increased solvent loss above the rate :at calm
airfliow by roughly the same amounts as Phase 2 tests at 0.67-m/s
air velocity. A 32 to 42 percent increase above the baseline
rate for Phase 3 was found at 50 percent FR; a 17 to 21 percent
increase, at 75 percent FR; and an 18 to 35 percent increesse, at
100 percent FR. Table 10 summarizes Phase 3 data on solvent
loss from operating degreasers using TE at calm and high air
velocities, and Figure 19 depicts the effect of high air veloc-
ity on solvent loss during Phase 3.

Effect of Freeboard Ratio

Ficure 20 shows the effect of 50, 75, and 100 percent FR on
solvent loss at different target air velocities during Phase 3;
baseline conditions in this phase were 50 percent FR and calm
airflow. As indicated by Figure 20, solvent loss at 50 percent
FR and 0.67-m/s (132-ft/min) air velocity was 32 to 42 percent.
At 75 percent FR and 0.67-m/s air velocity, the additional
freeboard almost totally controlled the average increase caused
by the higher air velocity; solvent loss was only 0 to 3 per-
cent, which amounted to a control effect of 32 to 39 percent.
At 100 percent FR and 0.67-m/s alr velocity, solvent load ranged
from a 4 rercent decrease to a 36 percent increase; the control
effect was thus 3 to 36 percent.

Effect of Refrigerated Freeboard Chiller

As in Phase 2, two types of refrigerated freeboard chiller
were used: RFC I, which operated at a refrigerant temperature
greater than 0°C (32°F), and RFC II, which operated at a refrig-
erant temperature of -29° to -40°C (-20° to -40°F). Figure 21
shows the results of Phase 3 TE tests with these RFC's.
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TABLE 10.

SUMMARY OF SOLENT LOSS DATA FROM PHASE 3 FOR OPERATING
DEGREASERS USING 1,1,1-TRICHLOROETHANE AT CALM AND HIGH AIR VELOCITIES

Test conditions®

Solvent loss data

(-
° = g ®a Degreaser A Degreaser B
= = g2 > [T0 T,
2| . 38 clez | o L, |=~ vecrease (Increase) |=o@w Decrease {Increase)
ClalSlufra] . .S|E™]|"" [222 from base case 9w from base case
*IE 8|S 58 |Tv|8c |22 |55€ [ka/n C-F | kg/n
o |o Slédg |t jal |- 28 . 9 kg/h 3 u 9
wilnjol= |~ |en]|ve |[Lunln2a 9 £ nla kg/h z
@D L - i-1 - O v O b QO D O U QD -
=]l S3lv |ad || we |[term E|xr Sa Se-
2| /1 v v 50 0.1 0.1 1.580] 0.1 1.162
152 [is2| / | v/ 7/ 75 0.1 0.1 |1.253 0.327 20.7 0.1 0.962 0.200 17.2
137371 v v/ / 100 0.1 0.1 1.298 0.279 17.64 0.1 0.759 0.403 34.7
132138 v | ¥ / 125 0.1 0.7 {1.172 0.408 25.8 0.1 1.005 0.157 13.5
142 a2y / | ¥ / 50 0.67 0.65 {2.239] (0.659) (41.70) 0.70 {1.539 (0.377) (32.5)
185145y 7 | vV 7/ 75 0.67 0.70 |1.628] {0.049) (3.07) 0.69 |1.158 0.003 0.35
1Ty v|v 7/ 100 0.67 0.68 |2.152] (0.572) (36 2) 0.67 |1.109 0.053 4.57
144 44| v | ¢/ / / 50 0.67 0.74 |1.517 0.0627 3.97 0.76 |1.844 (0 682) (58.7)
130 140} 7/ | ¥ / / 15 0.67 0.71 |1.267 0.313 19.8 0.65 |1.09 0.0NM 6.14
139039 7/ | v 4 / 100 0.67 0.65 | 1.241 0 337 21.4 0.65 }0.952 0.210 18.1
1431431 6 | v/ 4 75 0.67 0.68 |0.781 0.799 50.6 0.f0

2 Hoist speed of 0.1 m/sec and load area of 5C percent unless otherwise indicatad.

b Automatic 11d.
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TABLE 10a.

SUMMARY OF SOLVENT LOSS DATA FROM PHASE 3 FOR OPERATING

DEGREASERS USING 1,1,)-TRICHLOROETHANE AT CALM AND HIGH AIR VELOCITIES

Test conditions®

Solvent loss data

[- ]

s = e oa Degreaser A Degreaser B

= = 22 >Z [Eee .

Y 3 LT e EL R Decrease {Increase) [=w= E Decrease (Increase)

Plo|Sle|[nd]| .S |°° |225 from base case 2235 from base case

Tl e |ae | Te|88 (22|55 |10 L5 |/

o | e > 9 |tk ]joe |=E|no - 16/h % 238 .

wijinw]lol=|se|len]low |CuS]|o—m,a “°a 1b/h 1

4 @ - (-] = O U O = 13 DO | VO~ TR

- | od - w av @ o w . e X >e— x >
150 sty v v | ¢ 50 20 20 3.480 20 2.559
152 182 v v | v 75 20 20 2.760 0.720 20.7 20 2.119 0.44 17.2
133713 /171 v 100 20 20 2.866 0.614 17.64 20 1.672 0 887 34.7
138 |38 v| v | ¢ 125 20 20 2.581 0.899 25.8 20 2.213 0.34€ 13.5
192 {5 v v} ¥/ 50 132 128 4.93] (1.451) (41.70) 138 3.390 (0.831) (32.5)
145 J145] v v/ / 7% 132 138 3.58% (0.107) (3.07) 136 2.550 (0.009) (0.35)
4 (8 v v / 100 132 134 4.739  (1.259) (36.2) 132 2.442 0.117 4.57
144 a4 s /| v v 50 132 145 3.347 0.138 3.67 147 4.061 (1.502) (58.7)
140 |140] /| v ¥/ 4 75 132 140 2.75 0.69 19.3 127 2.402 0.157 6.14
139 I39| " v/ / 100 132 128 2.734 0.746 1.4 129 2.096 0.463 18.1
143R Id3| b 1 7 75 132 134 1.72 1.760 50.6

3 Hoist speed of
b Automatic 11d.

8 ft/min and load area of 50 percent unless otherwise indicated.



SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: PHASE 3 DATA
UNSHADED POINTS: PHASE 1 AND 2 DATA
O TEST AFTER REPAIR OF DEGREASER A

CALM AIR VELOCITY, 0.1 m/s (20 ft/min)
HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA

60 T I I T

20r—

(20)

(40)f-

| | 1 1
(60) 50 75 100 125
FREEBOARD RATIO, %

Figure 18. Effect of freeboard ratio on s»>lvent loss from an
an operating degreaser using 1,1,1-trichloroethane during
Phases 1, 2, and 3.
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SOLVENT LOSS REDUCTION (INCREASE), %

(140)

60 T T T T ~T T
O 50% FR
D 751 fR
O 1003 FR
aol- HOIST SPEED, 0.04 m/s (8ft/min) *
50% LOAD AREA
RFC OFF
20}~ —
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(60) 0.7 0.2 0.3 5.3 .5 0.6 0.7
(20) (40) (60) (80) (100) (120)

TARPGET AIR VELOCITY, m/s (ft/min)

Figure 19, Effect of high crosscurrent air velocity
on loss from an operatling degreaser using
1,1,1-trichloroethane during Phase 3.
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SOLVENT LOSS REDUCTION (INCREASE), %

O TARGET AIR VELOCITY, 0.1 m/s (20 ft/min)
O TARGET AIR VELOCITY, 0.67 m/s (132 ft/min)

HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA
RFC OFF

60 ] T I |

40,{-

.../L? PHASE 3 BASELINE

(20)-

(40)

1 |
(60) 50 75 100 125

FREEBOARD RATIO, %

Figure 20. Effect of freeboard ratio on solvent loss
from an operating degreaser using 1,1,1-trichloroethane at
different target air velocities during Phase 3.
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As indicated by Figure 21, use of RFC I on a degreaser
operating at 50 percent FR and 0.67-m/s (132-ft/min) air veloc-
ity can totally control the increased solvent loss caused by the
higher air velocity. 1In fact, RFC I decreased solvent loss to 4
percent less than the Phase 3 baseline value; i.e., it produced
a 46 percent control effect. When used on a degreaser operating
at 75 percent FR and 0.67-m/s air velocity, KFC I decreased
solvent loss to 20 percent less than the Phase 3 baseline value;
this was a 23 percent incremental control effect not attribut-
able to FR. Use of RFC I on a degreaser operating at 100 per-
cent FR and 0.67-m/s air velocity decreased solvent loss to 21
percent less than the Phase 3 baseline value; this equaled a 57
percent incremental control effect not attributable to FR.

Although RFC II increased snlvent loss at 50 percent FR, it
reduced solvent loss at the higher FR's. Figure 21 shows that
use of RFC II on a degreaser operating at 50 percent FR and 0.67
m/s (132 ft/min) air velocity increased solvent loss to 59
percent above the Phase 3 baseline value; this was 27 rercent
more solvent loss than occurred at the high draft velocity
without RFC II. When used in a degreaser operating at 75 per-
cent FR and draft air velocity of 0.67 m/s, RFC I1 decreased
solvent loss to 6 percent less than the kaseline value; this
constituted a 6 percent incremental control effect not attribut-
able to FR. Use of RFC Il on a degreaser operating at 100
percent FR and draft air velocity of 0.67 m/s decreased solvent
loss rate to 18 percent less than the baseline value; thus, the
incremental control effect noti attributable to FR was 13 per-
cent.

Effect of Automatic Lid

The automatic lid tested in Phase 2 was tested again in
Phase 3, but was operated differently. In Phase 2 the 1lid was
closed only when the load was not being cleanred or moved up or
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SOLVENT LOSS REDUCTION (INCREASE), %

SHADED POINTS: RFC Il ON; REFRIGERANT TEMPERATURE,
-29 T0 -40°C (-20 T0 -40°F)
UNSHADED POINTS: RFC I ON; REFRIGERANT TEMPERATURE,
>0°C (32°F)

O 50% FR

0 75% FR

& 100% FR

TARGET AIR VELOCITY, 0.67 m/s (132 ft/min)
HOIST SPEED, 0.04 m/s (8 ft/min)
50% LOAD AREA

40

20— -

0 PHASE 3 BAS‘;UL_I}
(20)} ~
(40 -]
(60) oFF ON

REFRIGERATED FREEBOARD CHILLER

Figure 21. Effect of refrigerated freeboard chiller on solvent
loss from an operating degreaser during 1,1,1-trichloroethane at a
target air velocity of 0.67 in/s (132 ft/min) during Phase 3.
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down (about 25 percent of the time). In Phase 3 the lid was
also closed when the load was being cleaned, but not when it was
being moved up or down (70 percent of the time). The lid was
tested at 75 percent FR and a draft air velocity of 0.57 m/s
(132 ft/min). Figure 22 shows that the 1id decreased solvent
loss to 50 percent less than the baseline value; this was a 53
percent incremental control effect not attributable to FR. The
effects of FR and RFC are also presented on Figure 22 to allow
comparison of the different means of control.

Effect of Ambient Temperature

Figure 23 presents the results of Phase 3 tests to deter~
mine the eftect of ambient temperature on the rate of solvent
loss from Degreasers A and B. The ambient temperature was
measured separately near each degreaser at the end of every hour
of testing. Hours of rapid temperature change were excluded
from the data base. The linear regression fit of the data shows
that. an ambient temperature increase of 0.7° to 4.3°C (4.9° to
7.7°F) reduced solvent loss by 0.45 kg/h (1.0 lb/h). The use of
a linear regression fit, however, should not be construed to
suggest that the relationship between ambient temperature and
solvent loss rate is linear; we expect that experimentation over
a larger temperature scale would show a nonlinear relationship.

The buoyancy of gas inside the freeboard area corpared with
the buoyancy of ambient air outside the degreaszer is probably
the contreolling factor. As the buoyancy of air inside the tank
increases, air moving out of the degreaser increases in velocity
and takes with it solvent vapors.

Phase 3 data should probably not ks used to correct or
adjust previous data to room temperature, especially data from
tests run with different control systems or operational pro-
cedures. The best course would be to reject *=sts run at an
ambient temperature other than 21°C (70°F).
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SOLVENT LOSS RED!'CTION (INCREASE), %

O RFC OFF
O RFC I ON; REFRIGERANT TEMPERATURE, >0°C (32°F) .
O RFC II ON; REFRIGERANT TEMPERATURE, -29°C TO -40°F (-20° TO -40°F)

& AUTOMATIC LID

TARGET AIR VELOCITY, 0.67 m/s (132 ft/min)
HO1ST SPEED, 0.04 m/s (8 ft/min)
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Figare 22. Effect of automatic 1id, freeboard ratio, and
rev~igerated freeboard chiiler on solvent i10ss trom an
operating degreaser using 1,1,1-trichloroethane at a

target air velocity of 0.67 m/s (132 ft/min) during Phase 3.
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Figure 23. Effect of ambient temperature on rate of solvent
loss from Degreasers A and B during Test 136.
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Other Tests

Tests 154 and 155 were run sequentially at the same fan
speed setting (about 1.32 m/s or 260 ft/min). They showed that
either RFC can reduce solvent loss at high crosscurrent air
velocities and that other variables affect the measured air
velocity. The use of an RFC rzduced measured air velocity from
about 1.32 m/s (260 ft/min) to 1.11 m/s (220 ft/min). Early in
the testing program, it was recognized that turning on the
degreaser altered the measured air velocity by 10 to 20 percent,
and the test procedure was subsequently changed to accommodate
this phenomenon by adjusting the fan speed after the degreaser
had warmed up. Passing the load basket through the lip area
reduced the average velocity in one test to 0.42 m/s (84 ft/min)
from 0.67 m/s (132 ft/min) at the initial fan speed setting.
The ambient temperature control system malfunctioned near the
end of one test and allowed the temperature to increase about
27°C (80°F); a significant increase was noticed in the recorded
air velocity.

Figure 24 presents the results of Test 157, which concerned
only Degreaser B. l'our randomly selected air velocities were
tested with the RFC on (after a 3-hour stabilization period);
then the same air velocities were tested in random order with
the RFC off (after a l-hour stabilization period). Each point
on the figure represents the solvent loss rate during 1 hour of
testing. As Figure 24 indicates, the RFC controlled solvent
loss at crosscurrent velocities up to 1.02 m/s (200 ft/min), but
not at higher velocities. Figure 24 also shows that above 1.02
m’s (200 ft/min) the solvent loss rate increased rapidly, pos-
s1bly with the square of the velocity. Because the data were
tzken every hour, they cannot be accepted with the same confi-
dence as data taken over longer intervals, although the corre-
lation with data from extendea tests is better than would be
expected.
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Figure 24. Results of Test 157,
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LABORATORY TESTS WITH METHYLENE CHLORIDE

Baseline Performance

Phase 1 tests of an operating degreaser using methylene
chloride at calm airflow and 75 and 125 percent FR were repeated
during Phase 3 to determine whether baseline performance had
changed. Table 11 summarizes baseline solvent loss data from
Phases 1 and 3, and Figure 25 presents the results of comparable
Phase 1 and 3 baseline tests. The data indicate no significant
shift in performance between the two phases.

Effect of High Crosscurrent Air Velocity

Phase 3 tests of operating degreasers using methylene
chloride at high crosscurrent air velocity (0.67 m/s or 132
ft/min) increased solvent loss above the rate at calm airflow by
slightly less than comparable Phase 2 tests. A 60 to 64 percent
increase in solvent loss above the baseline rate was found at 75
percent FR, and a 17 to 26 percent increase was estimated at 100
percent FR. Solvent loss at 100 percent FR and calm airflow was
not tested. The estimated increase at 100 percent FR resulted
from straight-line interpolation between data at 75 and 125
percent FR. Table 12 summarizes Phase 3 data on solvent loss
from operating degreasers using MC at calm and high air veloci-
ties.

Effect of Freeboard Ratio

Figure 26 shows the effect of 75 and 100 percent FR on
solvent loss. At 75 percent FR and 0.67-m/s (132-ft/min) air
velocity, solvent loss was 60 to 64 percent more than the base-
line value. At 100 percent FR and 0.67-m/s air velocity, how-
ever, solvent loss was 10 to 28 percent more than the baseline
value. This indicates that the change from 75 to 100 percent FR
caused a net reduction in solvent loss rate of 36 to 50 percent.

Effect of Refrigerated Freeboard Chiller

The refrigerated freeboard chillers tested were of two
designs: RFC I, which operated at a refrigerant temperature
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SOLVENT LOSS REDUCTION (INCREASE), %

O PHASE 1 DATA
O PHASE 3 DATA
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Figure 25. Effect of freeboard ratio on solvent loss
from an operating degreaser using methylene chloride
during Phases 1 and 3.
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TABLE 11. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 3 FOR OPERATING
DEGREASERS USING METHYLENE CHLORIDE AT CALM AIR VELOCITY

Test conditions? Solvent loss data
. g ' . De A
g £ _— s a greaser Oegreaser B
= = 2 - -
s 2 L eS| e . o o Decrease (lIncrease) - Decrease (Increase)
ClolSlalnd]| . S15™|°° |22 from base case 2o from base case
o|lz]lele|ie | Q = |&»n .- E geT kg/h
olulSlelag|io|(ge &S (38 1M 3% 9 ka/h
AHE R HIBIEIHNEE o L F 1 ? '
(|3 ]|a|ad s |un |[-—~E[XSZ 2er-
Tod Y2 RV R 5 0.1 | 0.1 |o.776 0.1 | 1.0
35b 8l 7/ 7/ / 75 0.1 0.1 1{0.608 0.168 21.6 0.1 0.87 0.18 17.2
36b alv|v / 125 0.1 0.1 ]0.586 0.191 24,6 0.1 0.78 0.28 26.3
158 fiss| v | v / 75 0.1 0.1 j0.644 0.133 17.1 0.1 0.90 0.156 14.8
146 [iss| v | v / 125 0.1 0.1 |o0.779] (0.003) (0.35) 0.1 0.62 0.4, 40.9

2 Hoist speed of 0.1 m/s and load area of 50 .ercent unless otherwise specified.
® phase 1 test.
€ Phase 3 test.
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TABLE 11a. SUMMARY OF SOLVENT LOSS DATA FROM PHASES 1 AND 3 FOR OPERATINC DEGREASERS
USING METHYLEKE CHLORIDE AT CALM AIR VELOCITY

Test conditions® Solvent loss data
2 '

o = e oa Degreaser A Degreaser B

= = 2 - o

o 2 clEz e tu o=z Secrease (lIncrease) ooz Decrease {Increase)
elslSlolng] .55 |~" TAS from base case 9 HS from base case
clolelelss|Te |8 |os|55% | W/h E5< |/

hWib|lo[Z|E2 (¢85 |fTE|s2a 1b/h % 254 1b/h s
2|38 |ad|&3|&T |22 |#e= 2oz

VL T VI VA B 50 | 20 20 |1.n 20 |2.32

35b 74 v v 7/ 75 20 20 1.34 0.37 21.6 20 1.92 0.40 17.2
36b 41| v J v/ 125 20 20 1.29 0.42 74.6 20 1.7 0.61 26.3
158%]158] v v/ v 7% 20 20 1.41# 0.292 17.1 20 1.976 0.344 14.8
146|146} v v/ / 125 20 20 1.714 (0.006) (0.35) 20 1.3 0.949 40.9

a
Hoist speed of 8 ft/min and load area o° 50 percent unless otherwise specified.

b Phase 1 test.

€ Phase 3 test
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TABLE 12. SUMMARY OF SOLVENT LOSS DATA FROM PHASE 3 FOR OPERATING DEGREASERS

USING METHYLENE CHLORIDE AT CALM ARD HIGH AIR VELOCITIES

Test cunditions®

Salvent loss data

o
e £ "L aa Degreaser A Degreaser B
= = g2 >z - C
§~ e 2 L ::.;. P .,E o : © Decrease (Increase) =% Decrease (Increase)
le|8laelnd] . .S|5 s 2L from base case gan from base case
oajlz]lale|ic |o Q o | x .- ~
olefaglteice |es 5% kg/h SCE kg/h
vl |2 |E21E5| 8T |2Cw]neg kg/h 1 20 kg/h 2
elElD |8k |eg83 & |22 |gecx 2=
- X >
198 |158& v | V v 75 0.1 0.1 (0.644 0.1 ]0.897
146 | 146 7/ | / v 125 0.1 0.1 |[0.779] (0.135) (21.0) 0.1 |0.622 0.275 30.6
150 |1SG v/ | V/ / 75 0.67 | 0.75 [1.058] (0.415) (64.4) 0.74 [1.440 (0.543) (60.5)
LYARYY, WA W) v / 75 0.67 | 0.66 {1.1a5} (0.502) (77.9) 0.64 |1.520 (0.623) (69.5)
148 ldd A 4 v/ 100 0.67 | 0.65 [0.711 (0.067) (10.4) 0.71 |1.14% (0.248) (27.6)
149 j144q v/ | / v/ / 100 0.67 ] 0.71 |0.732] (0.089) {13.8) 0.56 |0.769 0.126 14.1

2 Hoist speed of G.) m/s and load area of 50 percent unless otherwise indicated.
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TABLE 12a. SUMMARY OF SOLVENT LOSS DATA FROM PHASE 3 FOR OPERATING DEGREASERS USING
METHYLENE CHLORIDE AT CALM AND HIGH AIR VELOCITIES

Test conditions® Solvent luss data
. g' . n
e - e oa egreaser A Degreaser 8
= = 22 i o
a .13 LlETle |2, |B=E Decrease (Increase) |= =z Decrease (Increase)
2le|&|le|nn|. S| |225 from base case 225 from base case
o[z a c [ 4 2! O s j& >..= [y vl 1b/h [ty vt |b/h
wleol®]lg2les |[T2|e2 |85 [28 - 1b/h % a8
slei=|s|i5|s3|25 (585|828 g2< 1b/h :

U U~ VL -

[ - - w a v (- -] [ = |2 > - X >
158 158 7/ | vV v/ 75 20 20 j1.418 20 1.976
146|146 7/ | ¥ v/ 125 20 20 |1.716] (0.298) (21.0) 20 .31 0.605 30.6
150 150} 7 | v / 75 132 148 12.331] (0.913) (64.4) 146 3.172 (1.196) (60.5)
147 147§ 7/ | ¢/ Y 7/ 75 132 130 J2.523] (1.105) (77.9) 126 3.34¢9 (1.373) (69.5)
148148 /| v 100 132 127 |1.565 (0.147) (10.4) 140 2.522 (0.546) (27.6)
149149 v/ | / / / 100 132 139 l.6l3l (0.195) (13.8) 10 1.698 0.278 141

2 Hoist speed of 8 ft/min and load area of 50 percent unless otherwise indicated.



O CALM AIR VELOCITY, 0.1 m/s (20 ft,‘m'in);.RFC OFF

O TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC OFF

o TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC I ON;
REFRIGERANT TEMPERATURE, >0°C (32°F)

O TARGET AIR VELOCITY, 0.67 m/s (132 ft/min); RFC II ON;
REFRIGERANT TEMPERATURE, -29 TO -40°C (-20 TO -40°F)
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Figure 26. Effect of freeboard ratio or solvent loss from
an operating degreaser using methylene chloride with
refrigerated freeboard chiller during Phase 3.
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greater than 0°C (32°F), and RFC 1I, which operated at a refrig-
erant tempevature of -29° to 40°C (-20° to -40°F). Figure 27
depicts the results of Phase 3 MC tests with these RFC's.

As Figure 27 shows, use of RFC 1 on a degreaser operating
at a target air velocity of 0.67 m/s (132 ft/min) increased
solvent loss by 14 percent at 75 percent FR and by 4 percent at
100 FR. Use of RFC II increased solvent loss by 9 percent at 75
percent FR, but reduced solvent loss at 100 percent FR to 14
percent less than the baseline value; this was 42 percent incre-
mental control effect at 100 percent FR.

LABORATORY TEST WITHOUT SOLVENT

Test 159 was designed to be run without solvent in either
degreaser. The aim was to determine whether the variable flow
rate of cooling water through the degreaser significantly affect-
ed data variability, especially whether it caused the unusual
weight gains that sometimes appeared at one reading but disap-
peared by the end of the test. Before Test 159 was run, the
cause of the weight gain was discovered, and corrections were
made to the system. The unusual weight gains were attributed to
flexible plumbing connections to the load. Weight was attached
to the flexible hose to keep it in proper position for drainage
of excess water from the load. Occasicrnally the weight or hose
landed on the degreaser during the weighing portion of the
cycle. This generally occurred at -tr< same time as prob:ems
with the load entry or exit guides ana Aisruption of the loading
cycle. When the loading cycle was re:rzarted, the problem with
the hose was 1inadvertently corrected and thus was not detected
at first.

A comparison of the test results using student's "t" sta-
tistical tests suggests that the weight loss indicated by the
regression line 1is caused by chance at the 95 peircent confidence
level. A comparison of Syx, Sx, Sa, and Sc values (as defined
in Appendix A) from Test 159 with values Zrom other tests indi-
cates that the variability of the data is similar. Similarity
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SOLVENT LOSS REDUCTION (INCREASE), %

UNSHADED POINTS: RFC I NN; REFRIGERANT TEMPERATURE, >0°C (32°F)
SHADED POINTS: RFC II ON; REFRIGERANT TEMPERATURE, -29 TO -40°C
(-20 TO -40°F)
TARGET AIR VELOCITY, 0.67 m/s (132 ft/min)
O 75% FR
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Figure 27. Effect of refrigerated freeboard chiller on solvent loss
from an operating degreaser using methylene chloride at a target
air velocity of 0.67 m/s (132 ft/min) during Phase 3.
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in variability shows that the tests were run in the same manner,
but that most of the variability resulted from some factor other
than solvent loss.

LABORATORY TESTS WITH SMOKE

The smoke tests were intended to be visual indicators of
velocity and turbulence in the degreaser tank. Although many
attempts were made to get a clear photographic record of air
velocity in the freeboard area while the degreaser contained
boiling solvent, none was successful. The turbulence caused by
the fan rapidly dispersed the smoke trace. There was some
mixing of smoke down into the freeboard area, but it could not
be quantified and had no apparent direction. A simulated de-
greaser and fan combination was set up in a nearby laboratory
area. This equipment showed that the draft blowing over the
leading lip aspirated air from just below the lip into the draft
passing across the top. This air moving up the inside front
wall set up a circular flow in the box as shown in Figure 28.

ORAFT

- P P

/v’/

/
ASPIRATED AIR
\_//

Figure 28. Turbulence created by a draft passing
# across the top of a simulated degreaser.

SIMULATED DEGREASER

I1f similar flow exists in a degreaser, the solvent loss rate
will be increased by higher air velccities.
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FIELD TESTS

A field survey was conducted to determine air velocities
near open-top vapor degreasers in industrial usce. The aim was
to put che laboratory results 1in proper perspective. As dis-
cussed 1n Appendix E, seven planils were studied in the Cin-
cinnati area. They 1included two a.rcraft firms, three machinery
manufacturers, one electrical equipment company, and one heavy
equipment repalr shop. The degreasers ranged from 0.55 m? (6
ft?) to 3.9 m® (42 ft2). The overall average alr velocity found
at the plants was 0.445 m/s (87.6 ft/min). Twenty-four S-minute
velocity readings were taken at each degreaser. Sixteen samp-
ling places were on the long face of each degreaser, and eight
places were on the short face. The readings were recorded on
strip charts, and a 5-minute average was estimated. The range
of S-minute averages was from 0.35 to 0.568 m/s (69.4 to 112
ft/min) for all seven plants. The highest instantaneous peak
velocity recorded was 3.04 m/s (600 ft/min); the lowest was 0
m/s. The overall average reflects the sum of the average velo-
city for each face divided by 14 (the number of faces measured).
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SECTION 7

PHASE 3 CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The use of sophisticated monitoring and control equipment
in Phase 3 yielded data of sufficiently high quality to answer
the questions raised in Phase 2. The conclusions presented
below are based on data from Phases 1 and 2, as well as from
Phase 3.

High Crosscurrent Air Velocity

when crosscurrent air velocity across the lip of the de-
greaser was 1ncreased to .67 m/s (132 ft/myn), solvent loss
increased to 40 percent more than the baseline value for both
solvents. As the air velocity at the lip was increased further,
solvent loss increased at a proportionately higher rate. As
discussed in//Appendix E, crosscurrent air was found to be lower
in velocity and much less turbulent at industrial plants ain the
Cincinnati area than 1in Phase 3 laboratory tests. Phase 1
tests, however, were run with crosscurrent air lower in velocaty
and less turbulent than that at the plants visited. Thereiore,
the range of laboratory conditions tested overlaps typical
inductrial conditions.

Freeboard Ratio at High Crosscurrent Air Velocities
As FR was 1ncreased from 50 to 125 percent at high cross-
current air velocities, solvent loss decrcased. Increasing FR

from 50 to 75 percent reduced solvent loss by 40 percent with
TE, and 1increasing FR from 75 to 100 percent reduced solvent
loss by 20 percent with TE and 40 percent with MC. The two 40
percent reductions are significant.
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Although increasing FR from 75 to 100 percent with TE
reduced solvent loss, the reduction (20 percent) was only half
that caused by increasing FR from 50 to 75 percent. Further,
Phase 2 tests indicate that increasing FR from 75 to 125 percent
reduces solvent loss very little. Thus, solvent loss reduction
seems to decrease as FR 1s increased above 100 p2-cent FR.

Refrigerated Freeboard Chiller at High Crosscurrent Air Velocity

Phase 3 tests with TE show that RFC ] increased the control
effect by 46, 23, and 21 percent at 50, 75, and 1C0O percent FR,
resp:ctively, and that RFC Il increased the control effect by
27, 6, and 13 percent at the same FR's. These were increased
above those attributable only to FR. Phase 3 tests with MC
showed that no increase 1in control effect occurred with RFC I 75
or 1C0 percent FR or with RFC Il at 75 percent FR; at 100 per-
cent FR, however, RFC Il increased the control effect by 42

percent. Again, this was an increase above that attributable to
FR alone. Based on these tests and Phase 2 tests with MC, an
increase 1n control effect of roughly 20 percent can be expected
from an RFC of either design at the FR's and high air velocities
tested.

tutomatic Lid at High Crosscurrent Air Velocities

As in Phase 2, the automatic lid was tested only with TE,
and conclusions can only be drawn about its effect on this
solvent. Phase 3 testing showed that the use of this device
reduced solvent loss by 53 percent.

RECOMMENDAT IONS

The best solvent loss reduction technique is to lover air
velocity at the 1lip of the degreaser. The position of the
degreaser and the work flow to and from the degreaser, however,
can severely limit the extent to which lowering of air velocity
is possible. Other solvent loss reduction techniques include
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increasing FR and using an RFC and automatic lid. We recommerd
that these other techniques be considered equally effective
means 9f reducing solvent loss for the degreaser sizes and air
velocities found at industrial plants, and that they be accepted
as nnly slightly less effective than lowering the airflow rate
at the lip of the degreaser.
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