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POINT SOURCE BUBBLER SYSTEMS 
TO SUPPRESS ICE 

George D. Ashton 

INTRODUCTION 

The use of air bubbler systems to suppress 1ce 
formation by inducing a now of water agatnst the 
underside of an icc cover is a commonly used tech· 
niquc. The analysis of line source bubblers for such 
purposes has recently (Ashton 1974, 1978) progressed 
to the extent that it is possible to simulate and pre­
dict the performance of these bubblers, and that anal­
ysis has been Vdlidated against field and laboratory 
data (Ashton 1975, 1978). This report presents a 
parallel analysis for point source bubbler systems, i.e., 
the suppress1on of icc that results from a single-point 
discharge of air bubbles. The installations of such 
systems would be useful, for example, in the protec­
tion of indiv1dual piles of d multi pile dock installation. 

OUTLIN E OF ANALYS IS 

This study begins with an analysis of the plume 
·induced by the rising stream of bubbles emanating 
from an orificl· submerged in the water and uses the 
results of Kobus ( 1968). It next determines the heat 
tramfcr coefficient using the plumP. parameters at the 
point of impingement of the plume on the underside , 
of the icc cover by analogy with empirical results of 
Gardon and Akfirat (1966) for impinging axisym­
metric air JCts. It thus determine~ 1ce melting and 
thermal depletion b) u~e of a s1mpl1fied energy bud· 
get calculauon. r 1nally, it appltes the resulting 
analysis to th<' pr acucal case of varying winter temper­
atures by a qudsi ~lead) stepwise solution utilizing 
dail) temper,uure) .1\n example simulation is pre­
sented The rORTRAN computer program for the 
simulation is given rn the Appendix. 

PLUME ANALYS IS 

The .tir discharge rate Q0 (m 3 s"1) from an orifice 
of diameter d (m) is 

( l) 

where cd is a discharge coefficient (on the order of 
0.6; sec e.g., Rou~e 1946), :¥is the pressure dif­
ference across the orifice, and p• is the air densitv 
inside the bubbler line. Typical orifice diameters 
used in existing installations arc on the order of l mm. 
The pressure difference ~ is 

(2) 

where Pinslde IS the pressure inside the supply line, 
PwgH IS the hydrostatic pressure at the submergence 
depth H in water of dem1ty Pw, and g IS the gravita· 
tional constant. 

Us1ng the results of Kobu~ ( 1968), the centerline 
water veloctty U, (x) (m s"1 )at distance x above the 
ori free is given by 

U (x) ::___ --=·~__:___;_;:..._ __ _ 1 [ -/" m Q0 loge 11-(x/H•) J~ o.s 
c c (x+xo) 1J p..,. ub (3) 

where c is the rate of linear spread of the plume, A 0 
is an empirical coordinate correction to account for 
various ncar-orifice effect>, P•tm is the atmospheric 
pressure, H• = H+Pum1Pw9 (for ~ea lc'<el condttions 
H• :: H+ 10.3 m), and Ub i~ the mean rising speed of 
the bubbles. These e~re further illustrated in Figure 1. 
Both Ub and c were found b) Kobu~ ( 1908) to be 
weak functions cf Q0 and a fit of these data yields 

(4) 

(5) 

where C, = 0.152 m-<>.•~ s0 ' 1 ~and Cb: 1.83 mO.SS 
s-<> .as . The plume anal~ sis of Kobu~ u\ed a Gau,>•an 
distribution of \ertical water 'clocit} of the form 

where r i~ the rad1al coordrnatc from the plume 
centerline. The total \Oiumc flux Q,. (A) is then 
gi~cn by 

(6) 
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Figure 1. Definition sketch. Figure 2. Centerline velocity of plume os o function of 
orifice discharge ond submergence depth of orifice. 
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Figure 3. Induced flow of water ot impingement os o function 
of o/r discharge rote ond submergence depth of orifice. 
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Figure 4. Diameter of impinging plume as a function of 
air discharge rate and submergence depth of orifice. 

(7) 

Appropriate substitution for c and Ub into eqs 3 
and 7 then yields, respectively, 

u (x) __ O...;;.o~o2_7_s -:- [-Patm loge 11-(x/H*) n o.s 

' C, (x+xo) [ TTPw Cb ] (8) 

and 

[-Patm rr loge l1-(x/H*) Jl 0·~ 
[ Pw Cb ] 

Defining u,H = u, (x) and OwH =Ow (x) at X= H 
yields 

Q = 2C (H+x ) Q 0575 
wH c 0 0 

(9) 

r-p attn rr loge 11-(H/H' ) 1]05 

[ Pw Cb 
(11) 

and the width b at x = H is 

3 

In Figures 2, 3, and 4 are shown, respectively, the 
values of u,H, OwH• and bas functions of air dis­
charge rate Q0 and submergence depth H. 

HEAT TRANSFER ANALYSIS 

(12) 

The heat transfer analysis consists of determining 
the temperature of the plume impinging on the 
underside of the ice cover, estimating the heat trans­
fer coefficient at the underside of the cover, perform­
ing a simplified analysis of the thickening (or thinning) 
of the cover, and depleting the thermal reserve as a 
consequence of the heat transfer to the cover. 

Temperature of impinging plume 
Since the water bodies in which bubbler systems 

dre installed are seldom isothermal, it is necessary 
to evaluate the entrainment of water at different 
levels above the point of air discharge to arrive at the 
'mixed' temperature at impingement. That is, the 
impingement temperature TwH• referenced tO the 
freezing point T m• is given by 

JH [rw(x)-Trr] dQw(x) dx 
0 dx 

(13) 



where dOw (x)fdx IS the entrainment rate and rw (x) 
is the water temperature as a function of x above the 
air discharge point. For a vertically uniform ambient 
water temperature T wA• the impingement tempera­
ture T wH = TwA. Other temperature profiles may 
easily be mtegrated using eq 13 to arrive at T wH. 

Heat transfer coefficient 
Gardon and Alo..firat (1966) found the heat trans­

fer coefficient associated with an axisymmetric im­
pinging air jet (in air) to be correlated by 

Nuav- 0.78 Rea 055 (14) 

where the Nusselt number averaged over an area of 
diameter 2 r 0 is defined by 

N =hav 'o 
Uav--k- (15) 

and h av is the average heat transfer coefficient and k 
is the thermal conductivity of the air. The associated 
Reynolds number is defined by 

(16) 

where Ua is the axial velocity of the air jet and p and 
p. are the density and viscosity of air. 

By analogy with other heat transfer results (see, 
e.g., Rohscnow and Choi 1961), we may convert eq 
14 to a more general relationship by introducing the 
Prandtl number dependence in the form 

Nu ex Pr113 

where Prandtl number Pr is defined by 

Pr = IJCp 
k 

(17) 

( 1 8) 

and cP is the specific heat of the fluid. Assuming Pr 
= 0.7 for air and Pr = 13.6 for water at 0°C enables eq 
14 to be transformed to apply to water flow in the 
form 

Nuav = 2.08 Rew 055 (19) 

where the Reynolds number is now that for water; 
that is, Rew = U c H bo Pw /p.. 
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The heat transfer coefficient at r = b will be used 
as a reference value with which to normalize the 
radial variation of h. Thus 

k u 055 b-0.45 
hb - 2.08-....;c:;.:H ___ _ 

11055 
(20) 

where 11 = p./ p and 

h(r) = hb (r/bt0
·
45 (21) 

for r >b. For r < b, we simply fit a parabola to 
eq 21 such that dh(r)/dr = 0 at r = 0 and has the 
same slope and magnitude as eq 21 at r =b. Hence, 
for r <b 

h(r) = hb 11.225-0.225 (r/b)2 J. (22) 

Variation of hb as a function of submergence depth 
and air discharge is presented in Figure 5. The 
variation of h(r) normalized by hb is presented in 
Figure 6 as a function of r/b for r >b. 

Melting of the ice cover 
The actual melting of the ice is governed by the 

heat balance at the water/ice interface, given by: 

(23) 

where q 1 is the rate of heat conduction through the 
ice, q w = h( T wH -T m) is the rate of heat transfer to 
the undersurface of the ice, p 1 is the mass density of 
the ice, A is the heat of fusion of the ice, and df'l/dt 
is the rate of change of the ice thickness. 

The model used for q 1 is one-dimensional steady­
state heat conduction, which assumes a linear vari­
ation in temperature through ice thickness (and snow 
thickness) together with an estimate of the transfer 
coefficient through the air boundary layer. Thus 

(24) 

where rs is the top surface temperature of the ice 
(or snow, if present), and k1 and k

5 
are the thermal 

conductivity of icc and snow. In general, T5 is 
not the ambient air temperature. Within the con­
text of the steady-state assumptions above, 1t is 
reasonable to represent the heat transferred through 
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Figure 5. Variation of hb as o function of orifice di~charge and 
submergence depth of orifice. 
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Figure 6. Variation of loco/ heat transfer rote as o function of rod tal 

distance from centerline of impingement. 

the air boundary layer in the form (26) 

(25) 

-.'here 1/h, represents a thermal rc!>htance due to the 
air bound,uy layer. Assummg q1 \"lllue'> in eqs 24 and 
25 ;are equal (equivalent to a ~eric'> rcpre~ntation of 
the thermal resiStances), then Ts ma) be eliminated 
and 

The difficulty IS to obuun a reasonable cst1mate of 
ha· j o~on {1973) exammed the energ~ budget 
terms and found that a good approx1mauon for h, 
from a "atcr surface IS of the form 

h). = 3.4+4 4 u:. (27) 

5 
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Figure 7. Air temperature record used in simulation example. 
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Figure 8. Variation of open water area for simulation 
example. 

where ua is the wind velocity (m s- 1
) and h, is the 

heat transfer coefficient in W m·2oc1. 

In the following simulation example, we will 
arbitrarily take ha = 24 W m"2°C1 corresponding 
approximately to a windspeed of 4.5 m s- 1 • Although 
ha is derived for open water, we will assume it is also 
applicable to the ice/air interface. Similarly, the 
heat loss from open water above the bubbler uses 

6 

eq 26 with Ts = T wand the same value of ha. It 
is recognized that a more detailed energy budget 
approach could be used, but the detail is considered 
inappropriate in view of other uncertainties in the 
analysis and the lack of detailed input data other 
than daily maximum and minimum air temperatures 
usually available. ha = 24 w m-2 0

(-
1

' incidentally, 
is equivalent to the thermal resistance of 
approximately 0.096 m of solid ice. 
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Figure 9. Ice thickness profile on 28 january 
of simulation exumple. 

Simulation example 
Figure 7 shows a daily average air temperature 

record taken from a midwestern location. It shows 
the patterns of alternating very cold periods with 
somewhat warmer periods which are typical of 
winter periods. Figure 8 shows the results of using 
that record in the oresent simulation as a plot of 
radius of open water extent with time for the param-
eters of Q~ = 0.0005 m3 s-t (""1 ft3 /min), T w = 
0.2°C, H = 5 m, and h~ = 25 wm-lOc-t. 

Figure 8 shows that the extent of open water 
responds to the air temperature variation by con­
tracting during cold periods and expanding during 
warmer periods. While the icc cover is predicted to 
freeze over the bubbler during very cold days, the 
thickness is considerably reduced from that which 
would exist if the bubbler had not been present, as 
shown in the simulated profile of ice thickness for 
28 january of Figure 9, but the effect extends only 
a few meters. The FORTRAN computer program 
for the simulation is given in the Appendix. 

Thermal reserve analysis 
The thermal reserve available in a closed water 

body is often quite limited and may prove to be 
the limiting factor in the operation of a bubbler 
system. In a water body of length L, width 8, depth 
D, and average water temperature T w• the total heat 
content available for melting ice is: 

(28) 

As the bubbler functions, it draws on this reserve, 
lowering the average water temperature. Since the 

7 

rate of heat transfer is proportional to (T w-T m ), 

this decreases correspondingly the heat nux to the 
ice and the rate of icc suppression. The bubbler 
system may eventually reach a point where no more 
ice will be melted and ice begins to re-form . 

The computer program uses the result of the 
numerical integration of heat transferred to the icc 
cover and through open water, if present, to cal· 
culate the thermal reserve removed from the water 
body by each point source bubbler. This depletion 
of the thermal reserve is reentered into the program 
by uniformly scaling down the origmal temperature 
profile in proportion to the relative depletion. A 
new impingement temperature is calculated and the 
simulation is repeated. By appropriately varying 
the input at each time step, we may follow the 
evolution of the suppressed ice cover through a 
weather change (or season). 
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APPENDIX 

This appendix includes the FO RTRAN program for the point source bubbler simulation de­
scribed in this report. Also included is the FORTRAN program for the line source bubbler simula­
tion. Documentation for the line source simulation is presented by Ashton (1974, 1978). 

POINT BUB 

* * 
G ASHTON 14 JUNE 19/8 ~·OINT SOURt:f fiUfCBL I.R SJ MULAI I ON 

f PROGRAM S IMULATES OPERATION OF A POIN T SOURC[ BUB~I.ER * TO MlLT ICE 

* DIME NSION Fl A< 1001 , OWl ( 100 I ,JoA I ( 60 I 
RI::Arl 101 rH, OAri:.IAl rlWHr HWA r CIELR,JoE IT 
READ 302•ALFrALW 
RI::Ait 303 r N[l 
RE. All .504r< DAT<I>tl =lrNOI 

.501 FORMA T c 1110 , 0) 
JO::! ~O~MAT <~FJ Q , O) 

30J FORMAT <1101 
.104 FORMAT <rlO . OI 

* PRINT 401 rHrOA 
401 FORMAT <lHld OX• ' H = ' r F6.~r' Mflff\'i'/1())( , 'UA ' rH0.6 r MJ/S ) 

PRINT 40~ r ETAZ riWH 
40::! fORMAT <lOX r 'ETAZ "' ' rF6.:.' • ' METFRS /J())r. , IWH " · , ~l.J , ' lll:li C'l 

PRI NT 403 rHIJA 
403 FORMAT <lOX r HWA ' r F7 . ~ . W/I'P-[I~G 1':'1 

F·R I NT 404, N!J 
404 FORMAT <lOXr'SIMULATION [!i FOR r14 r ' loAYS 'I 

PRINT 405 
405 FORMAT <1HO r l OX r DAY AIR TfMP "l 

PRINT 406 r (l r DAT<I> · I~t .NDI 

406 FORMAT <10X r l3 r3X rf'7.:.'1 

* t H 1s dePth of d1ftuse r <meters > * OA 1s .:nr dJ5charse <sooJdre noeters fer se~urodl * ETAL 1s 1n1t1al 1ce th1c~ne~s <mrter~l * TWH 15 Jnltlill wate r tPnof-t>rai•ort> <rlt"-1 Cl * HWA 1s heal transfer c-opffl cterot wa l£>r t o a1r <WIM:' J•f.G l'l * ND 15 number or da~5 Gf stmuldtl on * DAT<I> 15 da1l~ a1r tPm~erature (rjp~ f:) * DELR 15 radtal 1nrrement d1stance <m> * DfLT 15 t 1me ~tPP (~eel * ALI) aror1 AI. W are o..n d t.h <Jnr1 1 Pro !.It It of th£> wa l P r• horl•1 

* F'A1M .., lOt~:>~. 

RHOW = 1000. 
RHOl = Y16. 
CF' - 4~15 . 
AIO = :'! . ::!4 
AI\W "' 0 . 54 
ALAM • J , 3 4E5 
c:c 0 . 1:12 
1,;[( ~ t. 8J 
G = 9 . 807 
ANU = 1.79E-6 
F' 1 = S • \4 I 56 
H~TAR - H I PATM/CRHOW*G> 
111111 - f'A1 M*Al OG C 1 • ~ 11/HSTAF\l / C RHOW$Cl0 
rtlJM • SOf<f(liUMI 
OW II : <OA U O . 575 I *OUM$:!. *Ll.* ( H i • 08 I t S!lRl (PI I 
~ r <HiO.U> *[C$11A**0.15 
IIC'H = UWII/(2.$f'Uii'" fl> 
f'h lN I 407 oliCil , llWH 
1·R IN I 408 d< .,. 
HU: ) .J O~AI\W$ (UCH**O . SSJI<<ANll**O.S5) * <li**0, 4 J)I 
F'l\1 N I 409, HE< 
N I !I -= tlo40<J , /I of I T 

9 



1•1/ I 111\~IA I ( 1110 . Ill )\ • I llf.ll - ' rl 1:1.4• 'M/~i / lOXr OWil 'r~8.4r 

l OB I tli\HI'\ 1 II OXr ' ft I r f !l,4o HI H f\5 ) 

\() ' / I l)f M,\ 1 I 1111', ' HJl , ·• n . ..... W. 11 ' · [II I• •: ) 

110 HO 1 I , Ill\) 

I 11'\il > I 1 ;.t 
II() CIIN I Will 

[II) ..!~·U \(1 1 • Nll 
• I t .tdt '> h lc i.Pt . l v . rt a t H •r• ot tliJI &1 1 ltllR lltlt•t v.J I !; 

R O. 
toO I I 0 I I • t 00 
II <I~ ~:> l O irlO:•,t O~ 

I \) I (IW I ( I l ~~~·· I l. :· :>~, (i •• '.,~*R*f' I (1, tf') I * 1 Wll 
r.o rn to 3 

l 0.' UIJ I I ll lift* (( k / R lf,*tl. 4~ • l *I Wll 
I 0 I I> RIll! l R 
I Ill I ON I I NUl 
t Now r al c qJ;:ttf' thtc' I-Prt\11'1 u llri nu •l I Ht<l of 11 ' 1! 

1•11 19', 1=1 ,Nil• 
!ttl 1'/(' 1 .. 1.100 
fl 11(11(1111\ tl~o,\l ~tr1l,< 

' I ':i Ill ItA I I 1[1 > '' ~ I fl < I 1 ' M 1 I 1. .' II WI', l 
4JII ILl 1 1 I 

1l f. PI o .o 
ti l I 11NIIt, 411 

I • ~ I f 11'1 l l J llld 1< I l J t \tl l I , f 1111 ItA I f\M l 

llf\ 1 I l f 111 1 II 4 1111 F !It 
II 111f,d• 1 1 . '1•1 •! .'.' 

J ' 1 ffol\ 11 C'o \1 

1 .:.• t" lltll I IJIII 
I ~· <) I liN I I IIIII 
1'-'• !ti•H f llll 

• f 11111 It • ' . ~ ,j gp 

1<1 '" ' ' () (' (1(1 l ~l I I• ll'l t 

II ( (! Al l I ) , ...... . 1·~~- · 1',' 7 
I '.'6 Ii i !tlol Rrtllil I llf.l P 
1'1/ f ' Otl l I trill 

M3/S I) 

rRINI 410tl0•REDGE 
410 FORMAT <lHO•lOX ," AFTFR " •14• DAYS ICE E[IG[ I S AT R = ' ,F6.2 r M

1

l 

* 

~'0 I 

:.! 10 
:• 1 J 

4 11 

41:? 

41J 
...!SO 

* .. 
.~ 

* * 

CalculatP th~rmal dPPletton 
OTHERH = Pl*REOGE*REDGE.HWA*TWH 
Nk c RE[IG~ /[tELR 
IF ( NR - 100 > ''0 1 , ~·11 r :::! 11 
ItO :'tOr I =NRr 10C• 
klR =- RE ltuf. t [tEl R ' '2 
ltTHf RH - [t1 Hl RH t :::! • *F'l *kl R*llWlt I > 
CONTINUE. 
CON I 1 Nil~ 
TWH IWH+:II. ltHIERM / IAI fiH~LW .. IPI'fdliJ~l'+f ' l ' l • 

F'RlNI 4ll r lWH 
~ORMAI (10Xr'NFW IWH - ' .f,• .. l r ltllo 1.') 

DE:LRR ~.*ltELR 
f'R Y N r 41 :• rltFLf(f,: 
FORMAl <IOX• ' lCI:: liiiCI\NESS I'll Cl ~Nit ltfll ' i' 
F'R IN T 413 .< El A C I> , I 1 o1 00, c, > 

FORMAT <10X r 10f6,J> 
rllNTINUE 
E:Nlt 

d '·, I •• " , M ( T l f\ s , ) 

G ASHTON 14 JUNE 1978 LINE SOIJkCI ' IIUltJll f R SIMULATION 

PkOGkAM SIMULATES OPERATION or A lIN~ SOURCE 8U~BLER 
10 HEll ICE. 

DIM~NSION ETA<IDOi r OWI<100l r DA1<60J 
Rl All ,\0 t , H, OA, E I AZ , TWH .!tWA ' [IE. I. Y , ltfl r 
Rf All 30:•, AI {1, Al W 
f\1 All .SO.\,Nll 
Rift II S04 r( f<A T< I> ,r = 1 , Nfl l 
IOh:Mf\1 <7ttO.OJ 
rORMAI <:•f 10.01 
HlhMI'\1 1110> 
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304 FONMAI <FlO.O> 

' l'ki Nf 4Ql,H,OA 
401 FORMAT (1H1 , 10X r ' H = ' rF6.:::' , ' ME fERS'/ lOX, ' OA = ' •f 10.6• ' 112/S'> 

PRINT 402 rETAZ , TWH 
402 FORMAT <tOX,' ETAZ = ' •F6 . 2 • ' HETERS'/ l OX• 'TWH = ' •F7,J , ' DEG C') 

PRINT 403 rHWA 
403 FORMAT (10X r ' HWA = ' rF7.2 , ' W/ M2-DEG C'> 

PRINT 404rND 
404 FORMAT <lOX r 'SI MULATION IS FOR ' •14, 'DAYS'> 

PRINT 405 
405 FORMAT <lHOrlOX r ' DAY AI R TEMP') 

PRINT 406 , ( J,DAl(l ) rl= lrND ) 
406 FORMAT ( l OX , J3,3X rF7 . 2) 

* * ll 15 dPP th of ti1ffuser <meters> 
* OA 1s a1r d1scharse (sauare ~eters Per second> * ETAZ 1s 1n1L1al 1ce th1c~ness <meters) * lWH 1s in1t1al water temPerature (des C> * HWA 1s heat transfer coeff1 c1 ent water to a1r (W/M2-0EG C> * ND 1s numbPr of da~s of s1 mulat1on * OAT<I> 1s da1l~ a1r tPmPerature <des C> * UELY 1s lateral d&stance 1ncre~ent <meters) * [II::Ll 1& i.lffiE' stPP (SPC) * ALB dnd ALW are w1dth and lensth of the water bodw 

* 

107 
108 
409 

:10 

101 

1 o~· 
103 
1 1 () 

* 

11~ 

116 
117 

PATH - 1013::05. 
RHOW = lOOO, 
RHOJ "' 916 . 
CP ., 421 5 . 
Al\1 :. 2. :-' 4 
AI\W = O.S4 
ALAH "' 3 .34E5 
cc .. 0.182 
CB '"' 2 .14 
G : 9.807 
ANU " 1.79E- 6 
Pl 3. 14156 
HSTAR ~ H + PATMI<RHOW*G> 
B - <Ill 0 . l::l) * LC*OAU O. 15 
DUM = · PAIM*AI OG<t . - H/HSTAR>I<RHOW*CR> 
ltUM ';flk T IliUM> 
Ulll - WA**0 .4 :'5> * fiUI1/(f'l**0.:::'5*SORT<8> > 
OIJH SUR I ( 2 . *f'l > * 8*UCH 
I RTNT 40 /.tiCHrOWH 
I'RlNI 40fld< 
11~ o.~ •. *AKW*UCH**0 . 61/<ANU**0 . 62*B**O,J8) 
~kiNl 409rHB ~ 

Nrtt 06400./L•ELT 
~ Ul-\111\ 1 ( J HOd OX , 'UCH = ' , FB. 3 ' ' H/S/ 1 OX • ' OWH 
Hlk i1A f < 1 OX , ' B = ' • FS. 3 ' ' 11E.l f:RS' > 
Hli-\1'11\T <tHO , ' HE< :: • ,f"8 .3• ' W/ H2-J•l.G e•> 
11!1 80 J 1 , 1 00 
I I A (1 ) , ~ I Al 
CON I flllJI 

' . re.s . · H2/S' > 

toll ~",(J lit lrND 
1 .t~bl•sll lot~ral var1at1on of OWl a t DLLY \ntervals 
y o.o 
TIO t 1 0 1 l .1 00 
lf <Y - t<> 101 r1 02.J.O::! 
OWI<ll H~*<1.190- 0.190*Y*Y/( k*B>>*TWH 
GU 10 103 
OWJ<T>; HB*((£1/Y>**0 . 27> *TWH 
Y Y+toELY 
LONTJNUE 

Nnw ca 1 c•J 1 at.e 
00 195 J= 1 , NHI 
110 J90 1• 1.100 

th1c~en1nS and MeltlnS o f 1ce 

IF <DAT<lfll) 115 , 115,116 
01 - - fiAT<ID> I< ETA<I>IAKI+l. / HWA l 
r,o TO 117 
OJ = o.o 
l:llNT I NlJE 
ItEIET A = <OJ- OWI<I>> * DELT/(RHOI *ALAM) 
EfA<I> = [lA<Jl + DELETA 
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IF CFIACJ)) l~l•122rl22 
1~1 ~ IA<Tl 0 .0 
I:'~' l'ON I 1 NUF 
190 CON Tl NU~ 
1 \IS CON rt NU~ 
* f 1 rorl t cP. edse 

1':~ ltGf" = 0. 0 
toO 1 97 I 1 , 1 00 
If H"lAC I)) 196 r 196r 197 

196 Rf:fiGf. = REitGE t IIEL Y 
197 CONlHIIJ[ 

PRINT 410riDrREDGE 
410 FORMAT <1HO rlOX r"AFTER 'rl4r 'DAYS ICE EDGE IS AT Y • ' rF6. 2 r ' H') 
* Calcu late ther~al dePlet1on 

NR = REDGE/IIFL Y 
IF <NR · 100) 20lr211 r 211 

201 DO ?lO r J•NR r lOO 
Rt R REltGE + DEL Y 12 
PTHERH = DTHERH + 2 •• QUI<I> *DELY 

:!10 CONli NUE 
:'11 IONilNIJl 

lUll,.. IWH*<l. - DTHERH/(ALEc*ALW*H*RHOW*CP )) 
f'RINI 411rTWH 

411 FORHAf (10X r ' NEW fWH = ' rF6.3 r ' UEG C') 
[IELYY = S •• OELY 
PRINT 412rOELYY 

41~ FORMAf <tOX r 'ICE THIC~NESS AT CL AND OELYY • ' rF5 . 2 r ' HETERS') 
PRINT 413r<ETA<Ilr I =l r1 00 r 5) 

411 FORMAT <10X r10F6.3) 
'50 LONl I NUE 

E.NTI 
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A facsimile catalog card in Libr ary of Congress MARC 
format is reproduced below. 

Ashton , George D. 
Point sour ce bubbler systems to suppress ice I by 

George D. Ashton . Hanover , N. H. : U. S. Cold Regions 
Research and Engineering Laboratory ; Springfield , Va .: 
available from National Technical Information Service , 
1979 . 

iii , 17 p . , i llus .; 27 em . ( CRREL Report 79-12 . ) 
Pr epar ed for Directorate of Civil Works , Office , 

Chi ef of Engineer s , by U. S. Army Cold Regions Research 
and Engineering Labor atory under CWIS 31362 . 

Bibliogr aphy : p . 7. 
1. Air bubbler sys t ems . 2. Ice suppression . 3. Point 

sour ce bubbler system. I . United States . Army. Corps of 
Engineer s . II . Army Cold Regions Research and Engineer­
ing Laboratory , Hanover , N.H . III . Series: CRREL Report 
79-12. 
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