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HYDRAULIC MODEL STUDY OF A WATER
INTAKE UNDER FRAZIL ICE CONDITIONS

Thomas J. Tantillo

INTRODUCTION The protective structures are basically concentric
enclosures around the intake, which are open on the

The Reynolds Aluminum Company operates a top and which set up a vertical velocity profile in the
major aluminum reduction plant in Massena, New water entering the intake,

York. Thw facility receise its cooling water through

two 0.76-m-diam. pipes which extend 107 m into the
St. Lawrence Riv,.r Th :se pipe inlets, located just MODELING CRITERIA

downstream of the Sticil Lock, are 30 m from the

southern limit or the navigation channel (Fig. I). Until The active frazil disks produced in the flume are

a stable ice cover forms on the river upstream of the roughly of the same diameter as those generated in

intakes, they are subject to fra/il icc problems. In nature, approximately 2-3 mm. This presents a pio-

the past the frazil has blocked the intake entirely blem in model scaling because the fra/il disks cannot

which severely curtailed the plant's operation. With be scaled down. 1 o work around this non-scaling of

the onset of winter navigation the stable ice cover has the frazil disks, a kinematic model is proposed.

not been allowed to form, so' that the intake has been The kinematic model requires that the model and

felt t.) be suLIc-. to frequent fraiil problems. prototype have similar velocities, i.e.

Fralil ice occurs when turbulent water, initially

above 00C, undergoes cooling at a rate of at least V/IVn = Vr (1)

0.01 C/hr tGiffen 1973, Granbois f952). As *he rate

of water cooling increases, larger quantities of fra/il where V and Vm are prototype and model veloCities

ice are generated because of the greater supercooling. respectively, with Vr being their ratios. A Suitahle
The most common method of keeping trash racks model scale for the intake structure was 1:24, or

on water intakes free of ice accumulation is by the length ratio Lr = 24. This was chosen primarils b\

application of heat. There is much disagreement in .he constraints of the flume width and water depth.

the literature as to what level of heat is necessary per Since the internal velocities and frazil ice particle

unit area of trash rack, which can be explained by the sizes are the same in model and prototype, the drag

varying water velocities and bar spacings of the intakes. forces on the particles after they enter the structure

Back fltishing of water intakes has been tried at a are also equal.
number of installations with little success. More water

is used to back flush the intakes than is taken in be- Dimensional analysis

fore the trash racks plug again. Other installations The drag force Fd on a frazil particle is a function

use traveling screens that are cleaned automatically or of the water velocity V, particle si, 4, water density

manually (Giffen 1973). p and water viscosity j:

The purpose of this report is to present the results

of tests on two protective structures that were modeed d (V, 0,p,. P). (2)

in a refrigerated flume to miinize the fraiil blo kage
at the intake. The refrigerated flume as shown in Using the dimensional equation

I igure 2 is described in Appendix A.
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Figure 2. Flume configuration

Fd = K vAdP PC Mp (3) times that of a sphere with the same diameter and
low Re .

eu 3 can he dimensionallv related as A computer program was written to determine the
downward vertical velocity at which frazil disks be-

F=(LT" I )A (L)B (FT 2 L- 4 )t (FTI.-2 )D (4) come neutrally buoyant. This velocity will occur when
the drag force on the disk equals the buoyant force on

where force is f, length L, and time T the disk. If the downward velocity component is low
enough, the buoyant force will overcome the drag

Solvinl the above by use of the ir theorem results in force and the disk will rise. The variables are the
downward vertical water velocity V,, frazil disk di-

Fd = K I V2d2p ( '/p Vd)D j (5) ameter d, and thickness of frazil disk (typically d/20).
The results are shown in Figure 3. For a drag force

This yields FdlpV 2d 2 = f(Re) where the to buoyant force ratio (Fd/Fb) less than 1, the disk

Reynolds number Re is equal topVd/ij. This f(R) will rise.

can be defined as the drag coefficient Cd, and White For frazil disks of 3 mm, a limiting vertical velocity
(1974) gives an empirical equation for tle drag co- of 1.2 cm/s is reached and any higher velocity will
efficient on a spherical particle as result in fratil being entrained into the flow and into

the intake.
Cd 7 24 /Re + 6/(1 + y,/) + 0.4. (6) F rom eq 1 the water discharge scale through the

intakes Qr is thus

Work done by Oseen (While 1974) shows that a disk
normal to the free stream has a drag coefficient 0.85 Qr = VrA4r = Lr 2  (7)
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The Saint Lawrence Seaway Development Corpo-
5 ration (Adams 1977) obtained current direction and

velocities by using drogues in the South Cornwall
Channel in the vicinity of the Reynolds Aluminum
water intake. The drogue measurements were made
on 15 and 20 July 1977 with flows of 7050 and 7160
m3 /srespectively. The results show that the mean

velocity over the intake is between 0.12 and 0.30 m/s.

Velocity 2.5 cm/s The average alue of 0.21 m/s was used for this study.
The model free stream velocity was therefore 0.04 m/s

3- for a 1 :24 sc aleC.
-~the model and prototype scaling parameters are

d /Fb shown in Table 1 using the two scaling criteria.

2 Table 1. Scaling results

Prototcpe
Model Prototype 1lodel

1.0  Intake flow 245.8 cm
3
ls 0.142 m

3
/s (L r)

Intake velocitV 6.06 6.06 1
(cm/s)
Frazil disks 2-3 2-3 I

5(mm)

Intake accumulation I 24 r
0 4 6 8 10 time

Frozil Disk Diameter (mm) Free stream velocity 0.043 0.21 (1 rl'

Structural scale 1 24 1L

figure 3. Drag force/buoyant force ratio vs. disk

diameter.

Model of existing intake
with the time ratio 7r merely A 1:24 geometiic scale model of the water intake

was constructed using copper tubing for the inlet pipe
Tr = Lr/ Vr = L r (8) and copper sheet for the conical sections and baffles

as shown in Figure 4. The model was constructed
since Vr  1 by definition, from prototype drawings supplied by Reynolds Alu-

I low patterns around the structure are primarily minum . The 1.83-m-diam. prototype intake is de-
the result of inertial and gravitational forces. The picted in I igure 5. The model was placed in the cen-
I roude number, which indicates the relative magni- ter of the flume approximately 2 m from the tailbox.
tude of the inertial to gravitational forces, is there- The model intake piping system was calibrated for
lore the dimensionless parameter to be used for the flow vs differential pressure head in the piping. Man-
free stream flow. The F roude number is defined as ual observation of a manometer recorded the changes

in flow with time.
Fm = V F p (9)

where g is the gravitational constant. The I roude TEST PROCEDURES
numbers of the model Fm and prototype F should
be equal to ensure similarity for the free stream flow. The scaled intake was placed in the flume (see Fig.
the free stream velocity criterion for similarity there- 6), the scaled intake flow Q0 was set at 245.8 cm 3 /s.
fore is and a water depth of 35.6 cm was established. Frazil

ice generation was initialed and time vs intake water
Vr VLr (10) flow was recorded manually (-antillo 1979). This

3
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Figure 4, Geometric scale model of intake. Figure 5. Section ot intake structur,.

pro)Lcdure was repeated with two different intake TEST RESULTS
protective structures (one circular and the other

Square) and each case was repeated at least tive times. Vhe unprotected intake structure hecame plugged

I he test duration was limited to one hour due to quite rapidly with frazil as indicated in Figure 7. 1 lie

fra/il plugging in the flume tailbox. average time was 1 7.2 min or 6 hr 53 min protot ,pe

With the elocitiCs equal in the model and proto- time. As the accumulation of ice increases in the in-
t PC structures, the prototype Reynolds number is take, the intake flow decreases due to the increasing

24 times as large as that of the model. The develop- head loss from the blockage.
jig vel)city profile would therefore be different. [low- A 34.3-cm-diam. x 20.3-cm-high circular protec-

ecer, since the protective structure is less than half tive structure which was open on the top was placed

a pipe diameter in length, the profile in both cases is concentrically around the intake (Fig. 8). Using the

far from being fully developed with the majority of open cross-sectional area the initial average doss onard

the structure area having the core velocity with a small velocity was calculated to he 0.0027 m/s. -rhis Struc-

boundary layer near the diameter. [le result would lure decreased the accumulation rate as shown in

be a slightly lower centerline velocity in the proto- Figure 9. It was observed, however, that this contig-

tpe than in the model, resulting from a decreased uration allowed a recirculating vertical eddy to de-

blundary layer thickness in the prototype due to the velop. [his nonuniform flow field which developed

higher Reynolds number (Rohsenow and Choi 1961, in the structure allowed Irail to be entrained in the
Schlicting 1955). higher velocity regions, hinging it down to the intake

Using the I roude criterion for Scaling the free and allowing accumulation to occur.
stUcam sibhcity, the Re of the model is 6200 whereas A 30.5-cm-square structure (20.3 cri high) ha% ing

that (f the prototype is 960,000. It or the round pro- a 5-cm 45' lip was tested (Fig. 10) and gave an initial

teic structure flow separation in the prototype average downward velocit, of 0.0027 m/s. An edd%
wMold take place farther downstream than in the still developed hut it was reduced in intensity so that

model. I or the Square structure the separation would lower quantities of tra/il were entrained. Ihe rate
ocur similarly at the corners. the results o this of accumulation on the intake for this structure is

would he less of a wake in the prototype round struc- indicated in f igure 11. After 30 min, which corres-

turc due to reduced flow separation, and similar wake ponds to 12 hours for the prototype, the amount of
geometry for the square structure in the model and accumulation is reduced by an average of 50% fron

the prototype (While 1974, Schlicting 1955). that of the round protective structure. This is due to

4



FIqure 6, Scale model o lprotcted ia
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f iqure 7. Flow vs. timve for unprotected itul, .
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Figure 8. Round protective structure around intake.
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Figure 9. Flow vs. time for intake with round protective structure.
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Figure 710. Square protective struc ture arud i~ik
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Fiqure 11. f/ovv vs. time for itauke with square protec tite 5tructure.
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the reduIction Ot thQ eddyN in thle prtetCtiVe Structure was designed which reduced the ver ti(.,al water veln-
from the angiled lip. city to the irtalke 0nrriigh so that the drag force of

1\ piCal aCCU,1111,1ltions Of frail ice are shown photo. the entrained water flow on the fra/il disk was

graphically i I igu~reS 1 2 and 13. Compar ison Of ove(LrIc hv% the IIUOyarrt forc Of the frail disk
I itgUres I12 and I 3 Nhr rsSs thle Advantages Of a protctiVV A pr 01cc fle structure over the intake w.hich Li eated
Struc t Ure. 14v etlCIIic.al VeIOC ities Wall fou Rnd to sign IIfIcld 11 in-

crease the time hef rre the in take plugged Ayith f a/il.
It is reoeCnlded thatl Studies he carri ed One

TEST LIMITATIONS Step furt(her to arrive at a means of reduc ig hrail
*rCCuml11ation h\ Ulsilg thle %%astc heat Ii the il-

With III( ple~ent 11o111 ont*1ig1,1i ition, it Was 1ot Charge side of tile WAter opI. I his could he

tpccSSiN l lcchltil) thre (ctICit I unle sCale'd depth and moreU cost-e fcktiVC and 11r0rre reliahie means of cr1'-

\CilccCitik ald still 1,0ric' ate fral! ice. 1 ftc' mrlsnufn 11,6111P trail aLCcumidtIjicOn.

dlepth at \ohjch frail icruld be gwieed at the Ccc IIC'tl5

siie! eph.I isr'~rlei i !rirTeeifciLL11,ccfl LITERATURE. CITED
te c ii he ile!tsrccte fiv si Oilresthan5' liii

bee~i-itedin iiipin pe sricl erhiriedt~r Als, - i. cV.St.I rccc~rfc't i

ii liruIltc,Icc iil ic inl the rdel'. IIhIS IlIclkithe 1110 Sr:c-nrnc-c~ VIc ccS.c.

reicl ccs- c2. he1 Lilk1cul,1irn j)AIL'IlS \%re cl ccc (l n I rpc., W0 -!c I cc.1 cccinl

11cr/cII cnn-lLl ftccd/rd 0Z "Acll "''pr I k'cc ' tcc

r ec l. If ccir Ltt611clilce al thlis %41rerter clcPth.- IS os \Scclhl Pccicicct1c1fc [I(-cc.

rechnieLo tjle recitOf lr,ii heing drfrass tcc thk- itakc. Krccrs P) 2 ( 02 ... mtc crig c.. c,, ,J

%Vls Ith ms sAter intaike prcctcdtis' sltruure thre11CIcVs~tccs Ancrc lccttcr c'Ic'cr

rMUst he c Inincliffli 11cr1inlt of reOclredrlatrr inl tile flcc Iej)catIrc "K-5
(tcn I ll nrc? 1 V. crtsc "Iccc c d ccs cci nc. c d

drrsvnsard direction. Recirculatin will Pull frdilil Mlrrrmcidpc ill-tir At) '2t1121.

ice intor the intake and ultimnately will result in block- Rrrhscncrnr, % - . i acc If. illccc, r r t rjccc

age. c, iw cco (cc,. f1 , ccnscc ts I: rcr-

the modelirrgcc tra/iI icc interadticOls \6th StruIC- Hall.

lures is still in its infancy. There is Much vet trr he SI'ccgicrrc 19cvss. moar

;a id.tantillo, 1 .. (979)1 a/t r 9ri gnccnc-ctrrc ac cr'cincr

ttIrIcJC. RRI I IrncnnI Rr'1 ccl SO) cctclccc
Wil ilc .. .;%I. I ...~t ... .c , .c ..... Nrc ccL \t(cs

CONCLUSIONS AND RECOMNIEN DAT IONS Hll.

A\ prcrtectiVe structure fr a river hcrttrrn intake
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APPENDIX A: FLUME TEST FACILITY refrigerated glycol loops, in seven- and six-

channel paths, through which opposing or parallel

The flume facility at CRREL (Fig. 2) is 36.6 m glycol flows ca;: he run in either direction. The

long, 1.2 m wide and 0.6 m deep. The flume has a glycol temperature can be adjusted between -18'C

slope range of -0.009 to 0.018 m/ie. The system has and 27
0C.

two pumps that can circulate a total of 0.4 m3 /s, re- The flume is situated in a room that can be re-

suiting in a velocity of 0.7 m/s at a depth of 0.46 in. frigerated to -29°C. It has two /ones of cooling,

This flow is measured with inline magnetic flow each with four air handling units, which are fed bN a

meters connected to flow controllers. The valves liquid ammonia refrigeration system. A refrigerated

allow for automatic or manual flow control. coil in the water storage tank can chill the test water

The underside of the flume bottom contains two to 0.3 0C prior to testing.
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