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INTRODUCTION

Eljer Plumbimpware, Inc m Salem, Ohio 15 a gray iron foundry, which has a history of
overexposures to silica and carben monoxide The most d:fficult operation from an
exposure conirol point of view 1s the shake-out of bath tub castings, which occurs at shake-
out number three Since the 1970s, thus operation has either been out of comphance or the
workers have been in respirators, despite the cardiovascutar demands of the job  This
sitnation has continued despite the costly installation of the current ventilation systerm  Due
to these past difficultics, a new design approach has becn employed the supplementation of
classical ventilation design techimgues with a type of numerical modehng called
computational fluxd dynamics (CFD) With the modeling of vanous ventilaton design
options for shake-out number three, 1deas can be tested quickly and economically After
more than fifty simulations using CFD and many conversations with representatives of the
ventilation consulbing company that was hired 1o design and instal] a new system, a
ventlation expert and former NTOSH employee, and the Eljer plant engineer, promismg
results have emerged A systematic process of combining elemcnts of the existing sysiem,
the consulting firm’s proposed design, and mnovations from bramstormung sessions

resulted 1n some informed destgn options



BACKGROUND

Process Information

The process at shake-out number three begins when the shake-out operators roll the flask to
the end of the pouning line  The shake-out crane then moves the flask to the shake-out
Next, the flask crane moves the cope to half of the shake-out, while the drag containing the
casting remains on the other half of the shakc-out Both the cope and drag are shaken out
The cope 18 picked up by the flask crane and moved to the begimning of the pouring line
Meanwhule, the shake-out opcrators use tongs to pull gales and risers from the bathtub
casting, and place a hook through the tub drain opening The shake-out crane hfis the tub
casting and moves 1t to the transfer hime, where 1t 15 cooled as it travels to casting cleantng,

while the flask crane moves the drag to the beginning of the pounng lme

Exposure Concerns

Stlica and catbon monoxide

Existing Controls

The existing ventilation at shake-out number three (shown 1n Figures 1 and 2} has elements
of canopy and push-pull configurations Supply air 15 dehvered on each side of the process,

at a height that also provides cooling for the workers  The exhaust hoods on each side form



a parhal canopy above, making use of the buoyant natuzal convection of this hot process,
although the hoods are too far from the contaminant source to be classified as recciving
hoods ' The arca above the process must remain open to allow the shake-out and Mask
cranes, which move the work preces, to travel The exasting process would requure

substantial modification before a true canopy would be possibic

METHODOLOGY

Exposure Evaluation

Personal, [ull-shift motitoring was performaed to assess crystalline silica cxposures among
the workers at shake-out number three over a two day penod  Four workers were

monitored each day Si1x workers were present on the first day and four on the second day

Control Evaluation

Because of the substanttal cost of a new venttlation system and a previous ventilation
overhaul that faited to reduce cxposurcs sufficiently, the latest proposed design (the thurd
attempt to control exposure at shake-out number three} was simulated using computational
flnd dynamics (CFD) to gain qualitative performance insights  Performance information 1s
more cost-effective before fabneation and installation  Two-dimensional CFD models

were created for both the existing system and the proposed system using 1dentical



techitques CFD 1s a numengal techtuque, which solves the system of equattons that
dcsenbe fluid behavior  Apphied herc, the fluads are air and a contam:nant that needs to be
controlled The contaminant source was a model of the casting—a box cross section
{because we are working 1n 2D} of height 3 5 ft and width of 6 ft  The source temperature
was set at 1200 F because the ron was rose-colored during shake-out In the model
contaminant with the physical properties of air was emtted at a fairly high mdoor air
velocity {0 3 m/s) from the top and sides > Fluid properties were allowed to vary with
temperature accordmg lo kinetic theory  Turbulence was modeled using the k-g RNG
schem¢  With turbulence intcnsity and length scale used as boundary conditions, 1ntensity
was set at 10 per cent and length scale at 7 per cent of the dimension of the hood face or
source surface Inside cells, vanables were interpolated vsing the power law, except m one
case that involved only natural convection, where the power law solution was unstable
There, first-order upwind interpolation was uscd instcad Because of the mcreased number
of equations being solved in the appiication of kinetic theory to the fluid properties and
because of small values of vanables, the double precision solver was employed to mimmize

trncation crrar

RESULTS OF EVALUATION

xposure Evaluation

Personal exposure momtonmng of the shakc-out operators was performed to obtan a

reference point, against which the performance of the modified or replacement ventilation



gystem could be measured The tabulated results follow

Personal Exposure Menitgring Shake-out Number Three

DATE JOB TITLE TWA RESPIRABLE PEL &-HOUR TWA
DUST (mg/my | RESPIRABLE
(mg/m’) QUARTZ SILICA
(mg/m’)
12/3/98 Shake-put Operator | 0773 02301 03150
| Shake-out Operator 1 54 03578 0 3801
| Shake-out Relicf 0 835 0 2759 02770
| Shake-out Operalor 0 507 03279 01397
12/4/98 Jr Shake-out Operator 0292 ND
Shake-out Operator 0585 | 02762 01593
| Shake-out Operator 0 590 02138 02304
f Shake-out Operator 0 546 ND
Summary
JOB TITLE TWA TWA PEL 8-HOUR TWA
RESPIRABLE | RESPIRABLE {meg/m*} RESPIRABLE
DUST QUARTZ SiLICA N= QUARTZ SILICA
(mg/m®) {mg/m*) {mg/m*)
N=8§ N=6 N=6
Shake-out GM=0 639 GM=0 256 GM=0 276 GM=0 235
Operator GSD=1 61 GSD=1 43 GSD=1 22 GSD=1 48
or Relief

Because the results for quartz silica lost due to lack of sample were probably low, bias

wolld be introduced 1f the mean was formed only from the samples with measurable levels

Instead, for the purpose of comparing contaminant control between the two days, total

respirable dust was used, stnce all of those resulls werg 1n the detectable range The

geometnic mean for the first day of sampling, O 842, was greater than the gcometric mean

for the sccond day, 0 483 The first day of sampling cecurred under conditions as they were

observed These conditions included man coeling fans operating and the overhead exhaust




not cperating  On the second day, the fans were kept off and the overhead exhaust was
runmung  The difference mn the results fer the two days was probably due mostly to these
factors Nevertheless, ihe two days of samphng, together, represent the performnance of the
existing control measures, and as such are represented hy a single geometric mean (GM)
and geomemic standard deviation (GSD) 1n the summary table The prodnct of the GM and
GSD for 8-hour TWA respirable quartz silica 1s greater than the product of the GM and

GSD for the PEL, indicating that the PEL 18 ltkely to be exceeded

Control Evaluation

Man-coohng fans were being used, and the exhanst hoods were not funchomng on the first
day of the survey Not surpnsingly, observation of the aerosel generated by the process and
smoke visuahzation revealed nadeguate ventilation performance  These observations were
recarded on video On the sccond day of the survey, the man-cooling fans were shut off
and the exhaust hoods were tumed on Quahtatively different flow patierns were observed
and recorded A large portion of visualization smoke generated at the position of the work

pleces was observed to be captured by the exhaust hoods

Computatipnal Fluid Dynami¢s Simulation

Seventeen ventilation scenar10s are reported here The strategy was to simulate the existing



system, the proposed system, and modifications to each meluding a hybrdization of the
two

Shake-out Number Three Simulation Qutcomes

Descniption Overhead Floor Slot Side Hood Flow Avcrage CQ/G
Hood Flow Flow (m/s) (m's) Canceniration
(H]fS} (C"[Cnaturnl)

Existing system 000 LY 000 00 0 00
off, natural
convection
from hot
process

Hybnd -4 8 300 300 0304 00714
existing sysiem
with proposed
floor slot used

as cxhaust,
matching
supply velocity

Proposed -105 -1016 0 00 0221 00335
systemn, dual
exhaust

Hybnid of -1G5 000 7 6B 0219 0 0609
existing supply
and proposed
exhaust

Proposed -10°5 0 Q0 000 0158 00217
gystem, exhaust
only

Proposed -10 5§ 1016 0 aa G115 Q0174
systcm as

ongmally
designed

Existing systcm -4 &0 000 708 0107 (0299
as observed

Hybnd 0 -5¢ 7 68 0 100 D Q302
EXISting system
with proposed

floor slot
widened to
cashing, used as




exhaust

—

Hybnd
cxisting sysiem
wilh floor slot
at casting used

as exhaust

4%

768

00912

00339

Existing system
with doubled
ventilation rates

<960

(000

1536

(0885

0 0598

Hybnid
existing system
and proposed

floor supply

[ 016

768

0 0650

00190

Hybnd
cxistig systermn
and proposed
floor supply at
60 dcgree angle
Hybnd of
existing supply
and proposed
exhaust, plus
floor exhaust at
casting,
existing
exhaust duct
left \n
Hybnd of
existing and
proposad

-105

-4 8 and
-1035

1016

T 68

00614

00180

1016 at 60
deyree angle

7 68

768

00273

00193

00101

0 00827

Hybnd
existing system
with floor slot
at casting used
as exhaust
{exmsting
cxhaust sealed)

0 00

30

7 68

06141

000277

Hybrid
existing system
with proposed
floor slot
widened to

castimg, used as

0 00

768

00119

Q00212




exhaust
(ex1sting

exhaust sealed)

exasting supply
and proposed
exhaust, plus
floor ¢xhaust at
casting,
ex15tng
exhaust ducts
removed

Hybrid of 103 50 | 768 0 00903 0 00335

Hybnd 000 50 7 68 0 DD769 0 00180

ex1sting system
with floor slot
at casting vused
as exhausl
(existing
gxhaust scaled)

The table 1s arranged so that the scenarios are rarked by exposure Exposure 1s defined
here as the average tracer gas mole fraction {C) at a height of 1 3 meters, and within two
meters, honzontally, of the workpiece * The choice of two meters was based on
observation of the position and movement of the workcrs The results for the vennlation
scenarios are normalhized by the concentration found without ventilation (C ..} Thus, the
dimenstonless exposure 15 (C/C,, ) The lnghest exposure 15 predicied for the case of no
mechanical ventitation  Of course this 18 expected, but 1ts incluston provides a fondamental
basis agamnst which other scenanos can be evaluated An impertant test of a numerical
simulation 15 whether the solution seems physically realistc  Far higher exposures under
the non-ventuating condition arc in line with physical mntuiion  Ancther quantity includes

both exposure and energy-use information, COYG, the rightmost column in the table The



contarmnant generation rate, G, was constant 1n this simulation  The product of
concentranon and flowraie, CQ, can then be interpreted as how efficiently the exposure
was reduced, in other words how much air had to be moved Figures 3 through 6 show
the schematic geometry of the flow boundartes (¢t e ducts, floor, and casting) and the
velocuy vectors of the flow for no mechamcal ventilation, the existing system, the
consultant’s desagn, and a hybnd favored by the CED resulis, respectively The velocity
magnitude 15 indicated by both the length of the vector and the color, with the red end of

the spectrum indicating higher speeds

DISCUSSION

In the simulations the system designed by the consultant performed with approximately
the same efficacy as the existing systers, m terms of concentraton of tracer gas at
breatiung zone height Certain hybrids of the twao systems performed better These
designs employed the exisung side supply and erther floor supply or floor exhaust Less
clear 1s the effect of overhead exhanst, either of the existing system or the proposed
system  The sumulation results should be used only as a guide to inform the design
process, not as a quantifred prediction of performance of ihe actual venulation system.
‘With that 1n mund, a reasonable approach would be to look at the designs with the lowest
cxposurc results, and form a design from these and ventilation design expenience The
five scenuanos at the bottom of the table stand-out clearly as being lower 10 exposure than

the rest These all make use of the existing side supply The four lowest involve floor

10



exhaust at or near the casung  Simply adding the proposed sysiem {with the floor supply
modified to a 60 degree angle with the floor, ioward the casting) (o the cxisung system
was the fifth lowest predicted exposure, but the energy cost was large, with the second

hghest volumetric flow rate of the fifteen designs presented

CONCLUSION AND RECOMMENDATIONS

Usmg CFD, a large number of designs were evaloaled While numenical evaluation 1s
less accurate than full-scale experimental testing, the latter method 15 prohubitively
expensive for meltiple designs  The design proposed by the venulation consultant was
formulated using expertly-applied, raditsonal ventlation design techmaques  Itis
recommended that the resalts of the CFL unalysis be used 1o 1dentify quahitatnve factors
thal point the way to an optimal design, and that lustorical ventilation design experience
be used to bring the design to 1ts final form  The CFD analysis indicated the following
= The exisung side supply 15 effective at imiting horizontal spread of the contarmnant
plume and providing clean air to the work arca
=  Fleor exhaust near the shake-out table 1s effective at captunng contarminant
® The existing exhaust ducts act as a kind of cethng 1n the work area and thus provide
some direction to the supply jet, aiding 1is effectiveness

= Qverhead exhaust did not have a clear effect

11
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Figure 5. Praposed ventilation system. Velocity vectors colored by velocity magnitude (m/s).
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