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EXPERIMENTAL CHARACTERIZATION OF JET
FORCES ON WASTE TANK COMPONENTS
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EXPERIMENTAL CHARACTERIZATION OF JET FORCES
ON WASTE TANK COMPONENTS

Ms. Judith Ann Bamberger, P.E.
Pacllic Northwest Laboratory

P. O. Box 999

Richland, Washington 99352
(509) 375-3898

P. ©. Box 999

(509) 375-2539

ABSTRACT

Scaled experiments were performed {o characterize the
forces of fluid Jets Impacting wasle tank components,
The fluld Jets will be produced by mixer pumps used to
resuspend settled solids In million-gallon burried waste
tanks on the Hanford site. - Components (inciuding a
radiation dry well, air lift circulator, and steam coll) were
modeled at 1/6-scals. Forces on the full-scale tank
componerits are predicted based on experimental data
and theorelical scaling relationships. Drag coefficients,
determined for the radiation dry well and alir Jilt circulalor,
were used to develop relationships between fiuld jet
parameters and the Impact forces on these two
components,

INTRODUCTION

Radioactive wastes, stored in million-galion doubile-
shell lanks (DSTs), are to be retrieved as parl of the
overall cleanup of the US. Depariment of Energy's
Hanlord Slie in southeastern Washington. The DST
wasles generally consist of a liquid supernatant over a
much smaller volume of settled solids. The current
reference approach is to resuspend the setlled solids with
mixer pumps located near the tank floor. These pumps
wiil genaerale two horizontal, opposed, high-volume, high-
velocity jets of tank fluid and direct the jets at the setlied
solids. As the pump slowly oscillates, the jets sweep out
arcs of fluid that suspend and mix the settied solids with
the waste fluid, Some tanks contain Internal components,
suspended from the dome, that extend into the path of
lhe expanding jets. There Is concern that the impact
forces ol the Jets may damage internal components, To
address this concern an analysis was periormed 1o define
the non-uniform nature of the nearfloor jet velocity
profiles and their Interactions with the complex
geomelries of the structures in the path of the Jet,
Experiments were conducted o quantity the impact forces
lor three tank components. These forces are presenled
based on two approaches: 1) measured data are scaled
lo the force on waste tank componen.s using theoretical
scaling relationships, and 2) correlatiuns of force on
wasle lank components are developed based on
experimentally delermined efiective drag coeflicients and
Jet velocity profiles,
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THEORETICAL BACKGROUND

This experimental stucdy, based on hydraulic force
similarity between a 1/6-scale model and the protolype
[75-t diameter, million-gallon tanks at Hanlord], was
designed lo salisty geometric, kinematic, and fiuld
dynamic rativs. A diagram of the experimental model is
shown in Figure 1. The potentlal effects ol nearby solid
boundaries, suct as the tank floor and the test articles,
are similar in the model and prototype. Geomstric scaling
{s applied o four ratios 1) the elevation of the Jet nozzle
above the floor (E) to the [et diameter (d,,), 2) the ratio of
the tes! article diameter (d_) to jet dlame\ef, 3) the ratio
of cylinder offset from the nozzle centerline (off,,) to the
Jet diameter, and 4) the ratio of test article diam LYer to the
nozzle diameter (d,).

A. Submerged Jet Fluid Dynamic Scaling.

A submerged jet, discharged through a nozzle, can be
characlerlzed by three regions: 1) an Irrotational core,
wherein the jet centeriine velocity equals the nozzle exit
velocity; 2) a transition reglon; and 3) a mixing reglon
where the jet flow Is jully established and ihe fet diameter
expands at a relatively constant angle. The mixing region
is the area of Interest to this study, The velocity (U) a
any point within the established, submerged, free {et
(assuming no Interaction with a component or waste tank
floor or wall) s a function of the jet half angle of
expansion (8), the normalized distance from the nozzie
(x/d,), and the radial distance from the jet centerline (r).

Test Article
dcyl
Nozzte ‘}» l‘ d Offey|
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End View
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X

Figure 1, Model Diagram



This can be éxpressed as
U = (U, x/d,, ©,1) {1
where U, Is nozzle exit veloclty. .

An empirical mathematical expression reiatling the je!
hall angle of expansion (the angle measured from the
cone surlace to the cone axis, determined
photographically) and the kinematic viscosily of the jet
fiuid was observed by Donaid and Singer as

tan @ = 0.238 v>'® 2

where v Is the fluid kinematic viscosity In Stokes (1 Stoke:

= 1.076x10° #1¥/s).' The relationship was deduced using
data from four Newtionlan flulds: water, sugar solution,
alr, and hydrogen flowing into air, Kinematic viscosilies of
these four fiuids range from 1.07x10° 1o 1.07x10™ #¥s,
Therelore, the relationship should be valid to quantify the
jet angle of expansion of the prototype waste tank slurry
(v = 1.79x10° #t%/s, assumed Newtonian because of the
high water content) and the model fluld, water (v =
6.58x10° #1%/s al 111 F),

In the mixing reglon, beyond the point where the jet
fiow is fully established, the centerline velocity [U,(x)] of a
free je! can be calculated as a function of distance (x)
from the nozzie by the equation

U /U, = K dg/x (3

where K is the diffusion coefficlent? Once the modeling
scale Is selected and the fluld properties are known, the
axial distanco relationship between model and prototype
Is established using Equations (2) and (3).

Finally, It ls assumed that dynamic similarity exists
when the Reynolds number (Re) ol the model component
equals that of the prototype component at the scaled
focation (x). Reynolds number scaling Is based on the |et
cenlerline veloclly for a free jet as a function of the
distance from the nozzle [U,(x}] and the diameter of the
test article.

Rep = [(Ug(x) Oy )il = Re,
= ((U,(x) 4 p)ul, (4)

The velocity, fluid density (p) and viscosity (u) were
adjusted for the lest to make the model (m) and
prototype (p) Reynolds numbers equal and satisty
Equation (4).

B. impact Force Scaling

Fluid impingement on the component by the jet
creales a pressure force, normal to the surlace and a
frictional force, tangential to the surface, which resolve
into the drag component (F,) parallel to the inilial flow
stream, and (il component (F) perpendicular to the fluid
motion. Drag and It tforces are considered
. independently.

Drag coefiiclent (C,) is defined In terms of the dfég
lorce

Cy=FylpA u?2) (5)
where U Is free stream fluld velocity and A Is profile area,

Cgls made up ol two terms:

Cy=C, +CiAJA ' (6)

where C, Is pressure coeliicient, C, Is skin-lriction
coeflicien(, and A, Is characteristic surlace area for shear,
For cylinders In @ unliorm crossflow field, more than 80%
of the dtag is caused by pressure variation while less
than 10% results from viscous stresses on the surlace.
For these conditions, it has been found that the drag
coefliclent decreases signliicantly as the Raynolds
number Increases from 10% to 10°% This reduction Is

atlributed to the increased turbulence prasent in the fluld -

boundary layer. The drag coeflicient Is aiso a function of
the surlace roughness (e/d,) and the free siream
turbulence (Tl), parameters thal afiect the boundary layer
separation mechanism. Literalure data are not consistent
with respect to the quantitative effects of free stream
turbulence or Its efect upon drag coefficient.® Even so,
in this analysis the drag coefficient is assumed lo be a
function of Reynolds number, characleristic area, surlace
roughness, and turbulence inlensily, expressed as

Cd = 1(Re. dcyll Lv E’dc.yjl Tl) (7)
where L Is length of the test article impacted by the jel.

Using Equation (5) to characterize the drag force, the
ratio of the drag forces between the prototype (F)) and
the model (F,) is

Fo/fm = (Cap Pp Up” A(Cam P Unn® Am) (8)
Equation (8) will be used to scale the impact force on the
prololype from measurements of the force on the model
by equating the drag coefficlents of the model and the
prototype, The scaling relationships are 1) fluid
properties for the prototype (p, = 74.914 lbm/it%) are
known at the design point; 2) fluld properties for the
mode! (p,, = 61.8467 lbm/tt*) are a function of the fluid
lemperature measured during the experiment; 3) tes!
article dimensions are scaled (AP,‘Am = 36); 4) the model
Jet velocity profile is scaled geomerically and dynamically.
The Reynolds number equivalence relationship, Equation
(4), relates the velocities (U %U,? = 0.1581); &) the
surface roughness Is of only minor importance and ls
scaled; and 6) the turbulence inlensities in the model and
prolotype are not scaled.® However, the flow will be
highly turbulent in both the model and the prototype.
Based on lhe experiment scale and operaling condilions
Equalion (8) then reduces to

Fp =689 F, (9)

Thus, the jet Impact force on a prototype waste tank
component is projected o be £.89 times the force on the
model component at a scaled axial distance (x) from a
nozzle wilh the scaled nozzle discharge parameter (U d.)
used in these tests,
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EXPERIMENTAL ARRANGEMENT

A schemalic diagram of the factiity Is shown In Figure
2. The Jet nozzle, localed at a {ixed posltion near the tank
wall parallel to the floor and perpendicular to the tank
wall, was directed toward the center of the tank, The
experiments were conducted in an existing 8-t diameter,
o-fi high tank. Although the test tank dimensions do not
correspond to a 1/6-5cale of the full scale DST, they
match reasonably well with the nozzle-to-wall dimenslons
ol a single liquld jet located at the center of-a DST. Also,
other arrangements were provided 1o scale the DST
dimensions.  To model liquid depth, the tank was
partitioned into two reglons by a false floor, 3-ft from the
tank upper rim. This floor was used 10 regulate bulk fiow
crculation palterns and limit vertical length of model
components. At the tank wall direclly opposite the
nozzle, turning vanes direct the Jet flow to the jower
portion of the tank. An annular space, sized to limit
velocities o <3 {s around the edge of the false floor,
allowed fluid to flow from the jower section of the tank for
flow entrainment into the expanding jet.

Test articles were suspended {rom @ test frame on top
ol the tank (Figure 3). Tenslon/compression ioad celis
were used lo measure the axlal and lateral forces on the
{est articles. Test articles positions were monitored using
a translation stage (elevation was manually positioned). A
turbine flowmeter on the pump suction line was used 1o
monitor flow rate. Instrumentation and measurement
accuracy are summarized in Table 1.

A. Test Aricles

Jot forces were evaluated for models of a radiation
dry well, air lift clrculator, and steam coil, shown in Figure
4. The dimensions for the scaled test articles are
summarized in Table 2. These items were constructed to
geometrically maltch waste lank components in the jet

Cooling Water

1 In. diameter

Heat
Exchanger

1

4in‘.'m -$===1 3000 gal. Tank
Turbine
Flow Meter l_<———’

p———

False Floor

4in. ‘3 in.

diameter Orifice
) Drain
Drain

Figure 2. Experimental Facility Flow Diagram

Figure 3. Test Facility and Experimenital Hardware

Table 1. Instrumentation and Accuracy

Measured Measurement
Variable jnstrument . Accuracy
temperature thermocouple +10F
flow rate turbine flowmeter +0.5%
velocity difierential

pressuie transducer +381/s
test linear varlable
position displacement

transformer 4+0.075 In.
axial force load cell 41,15 Ibf
transverse force load cell +0,12 Ibl

path according to design drawings at a 1:6 scale ratio of
model to prototype.

The radiation dry well model Is a right circular, solid
aluminum cylinder, The model extends 2-1/2 in. below
the nozzle centerline and inlersects the expanding liquid
jet at all scaled distances {rom the nozzle.

The air litt circulator model Is a right circular cylinder,
with the lower end open. It extends to a position 2 in.
above the nozzio centerline. Forces on the alr it
circulator are asymmelric because of a cylindrical
{hermocouple gulde extending along the side of the
cylinder to 2-1/2 in. below {he nozzie centerline. I is
positioned at the alr it circulator perimeter. Al
experiments were conducted with the thermocouple guide
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Table 2. Test Article Dimensions

Tes! Article Arlicle Dimensions_and Tolerances

nozzle .circular, 1.0 in. diameler +0.001 in,

radiation cylinder (solid), 1.104 in, dlameter

dry well +0.005 In,

air lift cylinder, wall thickness 0.125,

circulator (ALC) 5.000 In. outside diameter, +.0.005 In,

ALC guide cylinder (solid), 0.175 in. diameter
+0.005 in.

steam coil three coiled cylinders, 6.729-in. maxi-

mum diameter, 3.485-, 5.000-, 6.501-In,
helix diamelers +0.01 in, 0.667 in.
staggered pitch, I-beam support frame-
work.

centered at the leading edge of the clrculator,
conservatively positioned to receive the maximum force.

The steam coll model consists of three concentric
helical colls supported by two central vertical l-beams and
a lower horizontal support I-beam. The steam coll model
physically represents the major components of the steam
coll that provide the main source of the component drag
within the jet; minor detalls were not modeled. The major
sources of steam coll drag are the colls and the horizon-
tal and vertical I-beams. Forces impacling the steam coll
may be asymmelric because of the lower horizontal |-
beam orientation. The steam coll was tested at two ele-
vations (vertical locations). 3 in. and 9 in. above the tark
fioor, The steam coll was impacted by the jet at all 3-Iin.
elevation posltions, but had little or no Interaction with the
jet at 9-In. elevations,
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Figure 4. Model of Alr Lift Circutator with Thermocouple
Guide, Radiation Dry Well, and Steam Coil (left
to right)

B. Experimenial Procedure

To obtain a test condition the axlal distance from the
nozzie (x) and lhe vertical elevalion (z) were established;
the flow rate was set and fluld temperature confirmed:;
then measurements were taken at varylng transverse
positions (y) across the {el. The tes! arlicle location
matrices for model and corresponding prototype locations
are listed in Table 3. Test condilions are summarized in
Table 4.

Table 3. Prolotype and 1/6-Scale Model Experimental
Configurations®

Eley, from Fioorto  Distance from

Nozzle Test Test Article
Center- Arlicle, to Nozzle®

Test Article  line, In. In. it (in,

Radiation 18 (3) 3(0.5) - 6 (11) 11 (25)

dry wel 18 (41) 25 (57)

Alr it 18 {3) 30 (5) -~ 5 (11) 11 (25)

circulator 18 (41) 25 (57)

Steam coll® 12 (2) 18 (3) 14.6 (33.5) 25 (57)
18 (3) 18 (3) 14.6 (33.5) 25 (57)
18 (38) 54 (9) 14.6 (33.5) 25 (57)

(a) Model values are shown in parenthesis.

{b) The prolotype nozzie exit is 17.5 In. from the pump
centerline.

{¢) Three I-beam orlentations—-parallel, perpendicular, and
45-degree angle to the flow-were evaluated at nozzie
exit velocity U1. At nozzie exit veloclties U2, U3, and
U4 the force measurements were only taken with the
|-beam perpendicular to the flow.

Table 4. Prototype'™ and Model® Operating Conditions

Case Exit Velocity
L.D. fi/s

Number Prototype Mode!
U1 58.8 147.92
u2 45.0 113.20
u3 30.0 75.47
U4 16.0 37.73

{a) Protolype, full-scale, 6-In.-diameler nozzle, slurry al
220 F with p=74.914 Ibm/t® and p=1.3438x10" lbm/fi-

S.

(b) Model, 1/6-scale, 1.00-in.-diameter nozzle, waler al
111 F with p=61,8467 Ibm/ft’ and p=4.0717x10
Ibm/fi-s.

RESULTS AND DISCUSSHUN

A. Measurec Forces

The drag forces on the waste fank protolype
components were calculated from the time-averaged (10

sec average) model measured forces using Equalion (9)
and are summarized in Table 5,
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Table 5. Scaled Forces on Prototype DST Equipment

Axial Case Calculated Force™, Ibf
Dist, 1D. Radlation Alr Lift Steam
f_ Number DryWell Clrculator  Coll®
36 Ui 89"
5 U1 83
U2 ' 65
u3 7
U4 5.5
7 U 1139
11 U1 167 94
‘U2 91 54
u3 38 24
144 U2-per'? 180
U3-per ‘ 84
Ud-per - 21
146 Ui-par 118
U1-45 233
Ul-par 303
18 U1t 78 71
u2 45 43
25 Ui-par 47 55 66
U1-45 113
Ut-per 164
U2-per 97
U3-per 43
Ud-per 10
37.4 Ut-per 109 ©
U2-per go @
U3-per 43 ©

'(a) Equivalent force applled 1o lower end of test article,

(b) At 18-In. elevation above DST floor,

(c) Exirapolated from experimental data points.

(d) Orientation of steam coll horizontal l-beam to the jet
flow are described by per = perpendicular, 45 = 45
degrees, and par = parailel.

B. Drag Coeflicients

The experimentally measured force and Jet velocily
prolile data were evaluated o develop values of drag
coefficlents.® In this analysls, there were iwo concerns:
1) the development of drag coefficients for a non-uniform
flow field, and 2) the potential of wide variation in drag
coetiicient for very minor changes in Reynolds number,
eflects which could complicate development of drag force
correlalions,

Equalion (5) can be applied to the jel force
experiment mode! [l several important assumptions and
limitalions are realized. Drag coefficienis for three-
dimensional bodies are typically defined for the case
where that body is subjected to a unilorm flow field, with
the Reynolds number essentially constant over the length
of the body. For a submerged liquid jel, the assumption
of uniferm velocily s unaltainable If the characlerisiic

dimensions of the drag body are significant compared to
the dimenslons ol the Jet structure as In the case {or this
study.

The distribution of forces over the length of the model
is required o calculate an accurate drag coefficlent for
the test articles, MHowever, only the total force was
measured in the tests, Thus, an approximation of the
fluid velocity distribution impacting the model is required,

Radiation Dry Well. The narrow model width in
comparison to the Jet horizontal profile width allows for
good approximation of the local |8l velocity using only the
measured vertical velocity profile at the Jet cenletline.
Averages ol the Jet velocity over that vertical zone
impacting the dry well model were calculated by two
differing techniques: 1) the average impact velocity was
calculated as a linear average over the height of the
verlical velocity prolile with the center of applied torce
assumed at the jet centerline, and 2} an averaging
technique was used wherein the centroid of the veioclty
profiie was calculated to determine the center of applied
drag force and the area welghied average velocity was
determined.  For each technique an eflective drag
coefficient was calculated using the average veloclly, the
measured lorce and Equation (5), To compare these
calculated drag coeflicients with generally accepted
values for cylindrical bodies, Reynolds number values for
each method are listed In Tab'., 6. Examination of the
calculated drag coefficients reveals a reasonable range of
values when compared to those generally accepted,
especially in light of the rather subjeclive techniques used
10 arrlve at average velocity values.®

A more general approach fo drag coefliclent
characlerization was investigaled wherein a parameter
termed the effective drag coefliclent (C,) was calculated
from the model data using the following relationship:

Co = Frllpm Unaxm) (10)

where U_ . Is the maximum model Jet velocity for a
near-lloor jet. This C, term Incorporales the impact area
of the jet on the test arlicle. For the radiation dry well
data, C, appeared to exhibit dependence on U, and a
relation for C, was formulated:

C, = 0,0011 U, 042 B L)

For the radiation dry well model, this relation ylelds values
within +10% of those caiculated by use of Equation (10)
lor each test condilion data sel.

Air Lift Cireulalor, Drag coefficlent calculations for this
model are complicated by the differing geomeiry of the
body and the guide. With only a total drag lorce value
available, determining the fraction attributable to each
component is not straightforward. When the air i cir-
culator model Is localed 11 In. from the nozzle, only the
thermocouple gulde is impacted by the Jet, and the drag
coefliclent analysis should be straightlorward, At this
axial localion, for nozzle exit velocity U1 through U4, the



Table 6. Calcuiated Drag Coefliclents and Reynolds
Numbers for Model Radlation Dry Well

Case Axial

Reynolds Number Drag Coefficient

D, Poslion (10° based on based on
Num, x.in._  Area  Linear Area Linear
()] 25 4.27 363 0.69 1.01

41 2.72 208 068 1.2

57 1,686 140 072 1.3
U2 25 3.17 258 067 1.02

41 . 205 154 088 1.15

57 1,49 112 053 098
U3z 41 1.36 1,01 048 091

drag coefliclent calculated using Equation (5) ranges from
1.1 t0.1.4 for these assumptions, (C, at Ul = 1.07, C, at
U3 = 1.35),

For the larger axial distances (x_, 225 in,) an approach
similar 1o that outlined for the radiation dry well was incor-
porated to arrive at an ellective drag coefficlent (C,). For
the alr lift ciroulator with a proportionately larger jet impact
area, the eflective drag coefliclent was found to vary
iinearly with axial distance such that

C, = 0.0022 x, (12)

where x_ equals the model axlal distance from nozzle (f).
This relation vyields eflective drag coelficlents In
agreement with the test data fo within +13%.

Steam Coll. The steam coil presents a geometry
even more complex than the alr lift clrculator, further
complicating the evaluation ol effective drag coefficlents
because of the lack of information on the distribution of
drag forces among the varlous separate components ol
the assembly. One approach used to examine the force
data was to assume that when the lower |-beam support
is parallel to the je! axis, its drag contribution Is negiigible,
and to assume that all forces are generated from the
colls. in this approach the colis are modeled as a simple
solid cylinder with an outside diameter equal to that of the
outermost coil. Then when the I-beam is not parallel to
the Jet axis, the l-beam drag force is iaken as the dif-
ference In force measured between the parallel and
perpendicular orientations.

At nozzie exit velocity U1, 57 in. from the nozzie, the
effective C, for the coll section was caiculated to be 0.81,
typical of cylindrical drag bodies. At this same localion
and Reynolds number a C, ol 2.13 was calculated for the
l-bearn support in the perpendicular, maximum drag
orientation. This value is typical of published values for
simllar geometries such as square rods in cross flow and
rectangular flal plates perpendicular 10 the flow.®

An effective drag coefficlent for the steam coll was
calculaled using Equation (10) and the limited dala
avallable for the steam coil in the I-beam perpendicular
orientation. For this data set, C, = 0.0247 sesulted in
malching all Individually calculaled F, vaiues to within
+24%, Wilth lhis range of uncertainty and limited data

. set, no general

correfation Is presented. These
approaches {o steam coll drag coellicient derivation seem
fo yield reasonable resulls.

C. Force Correlations

Force correlalions for the radiation dry well and the alr
It clrculator are presented as a function of component
cenlerline distance from the nozzle exit and the nozzle
discharge parameters, Information Is presented from {wo
approaches: 1) data points were obtalned by scaling
model force measurements to prototype conditions using
'Equation (9)," and 2) curves were obtained by using
equivalent drag coetficlent correlations and velocily prolile
correlatlons to calculate prototype forces.®

"Radiation Dry Well. A relallon was developed
describing the force impacting the prototype as a {unction
of protolype operaling parameters, Force on-the pro-
totype Is defined by Equation (9); force on the model Is
defined by Equation (10) where C, Is effeclive drag coel-
ficient;

Umu.m = Ka-m, Uom dom/xm (1 3)
where U Is model nozzle exit veloclty (fVs); x Is
dislance from nozzie to model centerline (ft); and d,, Is
model nozzie dlameter (). K, Is obtained from tests
with 3 in. floor-to-nozzle centerline spacing and expressed
by Equation (13).°

K&ln, = [1 3.86 Uom -0,1561 [X(01036 Uomﬂ.asn)] (1 4)

Localion relationships between the model and the
prolotype paramelers are scaled, The prototype axial dis-
tancas from the nozzle (xp) arg derived as

o 18N 8,)/(dy, o, 120 6)) (15)

where x_ Is the model distance from nozzle ().
Combining Equations (9), (13), (14), and (15) the axlal
force (F,) correlation Is
. 2.040
F, = [0.1275 U°’°o 05}1 Y
[(x,/6.252) 0081 Yop ™ -T2 (16)

where F Is protolype radiation dry well axlal force {lbf),
U, Is prototype nozzle exit veloclty (tUs), and x, Is
protolype axial distance from pump nozzie (fi). Erhe
curves shown In Figure 5 are based on Equation (16); the
dala points are calculated from Equation (9) using meas-
ured model forces, Caiculaled values of F,, chieck within
+6 Ibl of prolotype values scaled from test measuie-
ments, Equatlon (16) is thus recommended for use In
calculaling protolype radiation dry well force,  Ex-
{rapotation of the above relationships to axial distances or
nozzle flow rales and/or sizes beyond those modeled in
the current effort should be attempied only with caution
and after thorough analysis.

Xp = (X d

Alr Ut Clrculator, The data, scaled to protolype
forces as descrived for the radiation dry well, are
presented in Figure 6 as open data points. At nozzie exit
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Figure 5. Protolype Radlation Dry Well Force Versus
Distance from Nozzle Exit (Comparison of Dala
and Correlation).

velocily U1, the force on the alr it circulator assembly 1s
grealer at 11 fi from the nozzle exit than at 5 it from the
nozzle exit, This resulls because at the closer distancs,
the Jel passes beneath the body of the alr lilt circuljator
and only impacts the thermocouple guide; at the 11 1t dis-
\ance from the nozzle exit, the jet radius has expanded
and ls impactling the lower portion of the air it circulator
body as well as the thermocouple guide.

A correlation was developed describlng the force
impacting the alr it circulator protolype based on
protolype operaling parameters using the same
methodology presented for the radialion dry well, The
correlation belween prototype nozzle velocity (Uop).
distance from nozzle (xp). and axial force (Fp) Is
applicable for a lest range equivalent to 11 ft < x, < 301t
and d,, = 0.5 1t

F, = [0.03322 x, Uop;”;" i

((x,/5.252) 0031 Por e 1
Calculaled values of F, from Equallon (17) compare to
direct scaled values wrlhln +6 Ibl. Note that X, Is the
prololype distance from the nozzle In ft.

in the waste tank, air lift circulalors are located 3.6
and 7.0 1t from the nozzle. No measurements were taken
al these dislances. The existing force dala, force
correlation, and air lifl circulator geomelry were analyzed
lo eslimale the magnitude of the axial force impacting
circulators at these iwo Jocalions. Forces Impacting the
prolotype of 88 Ib! at a distance of 3.6 ft and 113 bl al a
distance of 7.0 1t were calculaled, respeclively.

Figure 6 shows forces on the protolype at dislances
ol 6, 11, %3, and 25 it from the nozzle as open symbols.
The forces are derived from measuremenis on the model,
in addltion, forces at nozzle exlt velocily Ul were es-
fimated a! distances of 3.6 and 7.0 {t {rom the nozzle and
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Figure 6, Prototype Alr Litt Circulator Force Versus
Distance from Nozzle Exil (Comparison of Data
and Correlalion).

are shown as shaded symbols. A c‘orré.l;llo;\' of force
versus distance valid for nozzle exlt velocity range Ul

_through U3 [Equation (17)] can be used for prototype

distances 27 it from the nozzle exit. Cautlon should be
used lor any extrapoialion of this correlatlon beyond the
range of actual test conditions.

Sleam Coll. Using Equation (8), the measured {orce
values for the model steam coll were scaled to protolype
condilions and are presented In Table 6  Steam coll
hotizonlal I-beam configuralions ordered by decreasing
force are Ui-per, U1-45, U2-per, U1-par, U3-per, and U4-
per. Facilly size limiled nozzle to model centerline

" distances .and no data were obtained corresponding to

an actual prolotype steam colil distance of 37.4 fi from the
nozzle exil. Forces (F) were extrapolated to this location.
At the test article, the area of impact can be approximated
by a rectangle of width (d) and height {r) for the
model lower edge at the jel centerline, and the jet veloclly
can bo delined as ihe velocily at the Jet centerline. The
rallo of centerline velocitles reduces to a ralio of
distances from the nozzie. Therefore,

Fp = (Fy x,? rm)/(x.f Mout) (18)
where subscript 1 relers 1o a dala location and subscript
2 relers to any other location, Data oblained at elther
14.6 or 25 {i from the nozzle were scaled using Equallon
(18)to estimale the lorce Impacling the steam coil al 37.4
(| from the nozzle exil. Forces oblained al 37.4 Il
compared well using either reference point.  This

confirmed the validity of the extrapolalion technique, The
average of the two values is listed in Table . '

No correlalions are presented for the steam coll In the
ralsed position, 54 In, above the tank floor, because small
jorces (<4 Ibf) were measured on the model al this
elevation, and this would translate to less than 28 Ibl on
the prololype-which would not be signilicant.



D. Uncertalnty

The uncertainty assoclaled with calculating the impact
lorce on the prototype (Fp) Is estimated using Equalion
(8). The uncertainlies were determined for the three test
-arlicles at nozzle exlt velocity ‘Ut at the closest and
farlhest distances from the nozzle at the jet cenlerline.

At positions nearest the nozzle where the jet velocity
Is high, force uncerialnties assoclated with the experimen-
tal parameters are +14%, +15%, and +19% for the
radiation dry well, alr lift clrculator, and steam coll, respec-
tively. Most of the force uncertainty assoclated with the
measurements Is caused by the uncertainty associated
with the Jet veloclty, In thls case, the velocity referred to
Is the average veloclly over the impact area. Uncerain-
tles of the areas of the test articles exposed to the Jet are
the next dominant terms.’

The drag coefficlents for the test articles were
calculated from the measured loads on. the test article
using Equation (5). The uncertainty analysis for the drag
coefficient is presented for the same range ol conditions
as the force uncertainty analysis. For the analyses
nearest the nozzle, drag coefiiclent uncertainlies ranged
from 12% to 15%, 15% to 19%, and 17% to 22% for the
radiation dry well, air It circulator, and steam coll,
respeclively,

SUMMARY

Static forces on waste tank components produced by
mixer pump Jets Impacting the portlon of the component
within lts path were evaluated via scaled experiments,
Forces impacting the prototypes were scaled from the
model data. Drag coefiiclents, derived for the radiation
dry well and alr iiff circulator, agreed well with measured
dala. Efleclive drag coefficients were developed to
describe the .drag for radiation dry wells and air fif
circulators as & function of specific range of distances
lrom the je! nozzle o the test article and specific jel
Reynoids numbers, These correlations will be used to
predict the static forces impacting these cornponents in
wasle tanks for a range of proposed operaling conditions,
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NOMENCLATURE

A profile area

A, characteristic surface area for shear
Cy,  drag coelliiclent

C, effective drag coeflicient

C skin friction coafficlent
C, pressure coeticient
do,  lest article dlameter
dg et diameter
d, nozzle diameter
VE elevation of Jet nozzie above tank foor
F force
Fy  drag force
F, fift force
F drag force on model
Fa drag force on prototype
K diftusion coetficient

Kain coetiicient for 3 in, floor-to-centerline spacing
L length of test article Impacted by |et

m - model

offy, vertical distance from tesl aricle base {o nozzle
centerline ‘

P prototype

r radial distance from jet centerline

Re Reynolds number

e  letradius

] free stream furbulence

u jet velocity

U.(x) cenlerline velocity of free jel ‘
maximum model et velocity for a near-floor jet
nozzle exit velocity

U, model-scale jet exit velocity

U,d, nozzle discharge parameter

X distance from jet nozzle 1o test arlicle centerline
xd, normalized distance from nozzle

y transverse location

2z vertical elevation

Greek Letlers

€d,,, surlace roughness

2] jet half angle of expansion
B viscosity

v kinemalic viscosity

p lluid denslty
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