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This publication is exactly as the title indicates and one put 

together primarily with volunteer labor. 

There are detailed definitions given for over 200 technical 

terms with approximately 400 additional terms listed with in

structions to see one of the words defmed in detail. Many of the 

terms described in detail are, in fact, very geneml and it is ques

tionable that such terms should have been included--for ex

ample: ground thermal regime; frozen ground; freezing; 

electrical properties of frozen ground; density of frozen ground; 

thermal properties; and thawing. 

Synonyms are also provided and suggestions are made that 

some terms should be dropped. For example, it is suggested 

that the use of the word icing is preferred to aufeis and naleds. 

Icing is a very general term with many possible meanings. It 

does not in any way imply the process that results in the stream 

channel choked with ice after the winter season. Terms such as 

aufeis and naleds, which are open only to narrow interpretation, 

would seem preferable if the intent of this glossary is to improve 

communication. 

A positive aspect of this publication is its graphics and 

photographs. Instead of placing them in the text with the ap

propriate term, however, the illustrations are clumped together 

in the back and the reader must page through to find them. 

I question the need for a glossary of terms even though the 

introduction states that a survey of North American permafrost 

experts confirmed the need to develop a list of pertinent en

gineering· and ground-ice terms to reflect current usage. I 

suspect that they who have been working in the North for some 

time will not change their usage of terms to what is suggested 

here. 

The graduate student and resettled engineer or scientist may 

fmd use for this publication. As far as the established com

munity of northern professionals are concerned, I believe they 

will continue to use the terminology they think appropriate and 

from their professional activity will evolve acceptable terminol

ogy. 

by Douglas L. Kane, P.E. 

Professor of Water Resources and Civil Engineering 


University of Alaska Fairbanks 
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FREEZING AND MELTING CHARACTERISTICS 

IN INTERNAL FLOW 


by 
S. Fukusako and N. Seki 

ABSTRACT 

A comprehensive review concerning a variety ofreported in

vestigations for water-freezing and ice-melting problems relat

ing to internal flow is presented. Attention is frrst focused on the 
problems of water-freezing and ice-melting with main flow and 

then on the problems without main flow. Some reviews are per

formed on the freezing and melting problems of phase change 

medium. The need for additional study in this field is clearly 
demonstrated. 

INTRODUCTION 

The problems of water-freezing and ice-melting have 
received much attention because they are closely related to 
human life and the development of industrial plants in cold 
regions. The growth or decay of an ice layer on a river or on a 

lake and the freezing or melting of a water pipe are a few of the 

practical phenomena which are commonly encountered in cold 

regions. It is well known that freezing of water flow in a pipe, 

when subjected to extreme ambient temperatures, causes a 

variety of detrimental effects such as increase in hydraulic pres

sure loss, diminution offlow rate, and sometimes damage to the 

pipe resulting from flow blockage caused by ice formation. 

The objective of the present article is to review the recent 

results of investigations which have been carried out so far on 

the water-freezing and ice-melting characteristics in an internal 

water flow and also to demonstrate the need for additional in

vestigations. Attention has been mainly focused on the physical 
phenomena which have been observed experimentally. 

FREEZING OF WATER WITH MAIN FLOW 

Freezing with Convection Flow 

In freezing problems where a convective flow exists at the 
phase change interface, two additional complications with the 

basic non-linearity of the transient phenomenon may take place. 
The frrst complication will arise from the fact that the phase 

change at the interface is equivalent to an effective blowing 

since the specific volume of solid and liquid phase are different, 

which may alter the heat-transfer coefficient at the interface be

tween the solid and liquid. Merk [1], Yen and Tien [2], Siegel 

and Savino [3], and Pozvonkov et al. [4] have determined this 
effect for various free and forced convection geometries. In 

general, it has been found that since the Stefan number, St = 
cAT/L, where cis the specific heat of liquid, AT the reference

temperature difference in the liquid, and L the latent heat of 

fusion, is less than about 0.1, this effect on heat-transfer coeffi

cient could be neglected. The second complication is that in 

convection problems a mutual interaction among the shape of 

the interface, the flow field next to it, and the temperature field 
(namely, the heat transfer from the flow to the interface) take 

place. Thus studies of the freezing heat-transfer problems with 
the mutual interaction between the flow field and the ice-inter

face shape, have so far been restricted to the relatively simple 

geometry. 

Freezing between Horizontal Parallel Plates 

The freezing of liquids in forced laminar flow between paral
lel plates was studied analytically by Lee and Zerkle [5] for 

uniform wall temperature condition. They used the basic as
sumption of a parabolic axial velocity profile even as the liquid 

accelerates due to a constriction of the flow area by the solid 

phase and reduced the problem to a Graetz type analysis. 

Cheng and Wong [6] both extended and generalized the 
analysis of Lee and Zerkle [5] to a uniform convective cooling 

condition by the eigen-function expansion method using the 
confluent hypergeometric function. The same geometry with 

different, uniform external convective cooling at the upper and 
lower plates was also considered by Cheng and Wong [7]. 

Shibani and Ozisik [8] treated analytically the freezing heat

transfer problem under turbulent flow condition using the 

matched asymptotic technique. In the turbulent flow prediction, 
as was done in the laminar cases mentioned above, it was tacit

ly assumed that a smooth and stable ice-water interface would 

exist. 
Recently, Seki et al. [9-11] carried out a series of experimen

tal investigations on ice-formation phenomena and heat-transfer 
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characteristics for water flow between horizontal parallel plates. 

The experiments were performed using the test section with a 

variety ofwidth-height and length-height ratios. Under the con

dition that the upper and lower plates were cooled at the same 

uniform temperature, Seki et al. [9] observed two different 

types of ice formation in the range of Reynolds numbers varied 

from 3.8 x 103 to 3.2 x 104
, one of which was a transition ice

formation type, and the other of which was a smooth ice-forma

tion types, as shown in Fig. 1, where ReH is the Reynolds 

number defmed as 2HUoo/Voo, and Oc is the cooling temperature 

ratio. In the figure it is found that the transition ice-formation 
741type takes place for ReH!Oc0
· < 104 while the smooth ice-for

741mation type takes place for ReH!Oc0
· > 104

• They also deter

mined the dimensionless ice-transition locations CXtrlmon and 

CXtr/H)st at the onset of ice formation and steady-state condi

tions as a function of ReHa • Ocb, respectively. 

On the other hand, under the condition that the upper plate is 

cooled at uniform temperature less than the freezing tempera

ture of water, while the lower plate is heated at uniform 

temperature greater than the temperature of water flow, Seki et 

al. [10] observed that there occurs two ice-transition modes 

based on the different mechanism of the boundary layers for 

Reynolds numbers varied from 3.2 x leY to 1.5 x 104 and 

Grashof numbers varied from 3.4 x 103 to 8.9 x 106. They 

reported that the first ice-transition mode, which might be due 

to a contact between the upper and lower thermal boundary 

layers, took place for the values of ReH!(GIH • 9b_)0·
23 less than 

1.6 x 10-3 and the second mode, which might be based on an in

stability of laminar boundary layer being formed on water-ice 
23interface, took place for the values ofReH!(GIH • 9h)0· greater 

than 2.3 x 10-3 where 9b. = (Twh - Too) /(Too - Tr) is a non-dimen

sional heating temperature. 

The effect of an orifice installed at the leading edge of the 

horizontal parallel plates on the ice-formation and pressure-loss 

characteristics was experimentally studied by Seki et al. [11], 

who found that a relative increase in pressure loss resulting 

from ice formation in the duct is to a great extent decreased in 

comparison with that for the case without the orifice. 

Freezin2 in Circular Tube 

Laminar Flow 
The problem of steady-state freezing and pressure drop in a 

horizontal circular tube with laminar flow is of considerable 

technical importance and was extensively investigated by 

8 ,-------~.---------r---~,~--T~~ 

Fig.l. Different regime ofice-formation [9]. 

Zerkle and Sunderland [12], DesRuisseaux and Zerkle [13], 

Depew and Zenter [14], Hwang and Sheu [15], and Mulligan 

and Jones [16] for uniform wall temperature and by Locket al. 

[17] for external uniform convection cooling. Most of the 

analyses mentioned above were obtained by assuming that 

entrance effects could be neglected and thus a parabolic 

velocity profile was maintained, and by reducing the problem to 

the classical Graetz problem. O'lisik and Mulligan [18] extended 

their assumptions for both a slug-flow velocity profile and a 

quasi-steady state heat conduction in the solid layer within a cir

culartube. 

Turbulent/low 
The steady-state freezing of liquids in turbulent flow inside a 

tube with its wall kept at a uniform temperature lower than the 

fusion temperature of the liquid was studied by Genthner [19], 

Seki et al. [20], Arosa and Howell [21], Shibani and OZisik [22], 

and Thomason et al. [23]. In these studies, the analyses, most of 

which were obtained in the framework of Zerkle and Sunder

land [12], were reasonably compared with the experimental 

data of heat transfer and pressure drop. Transient freezing of li

quids in turbulent flow inside a circular· tube was analytically 

treated by Cho and Ozisik [24]. Further, Epstein et al. [25] in

vestigated the effect of transient solidification along the sur

faces of a rod bundle upon turbulent axial flow for the case of 

constant bundle wall temperature and liquid at its fusion 

temperature, both experimentally and analytically. In the 
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Fig. 2. Sketches ofthe three ice formation modes [27]. 

analysis, it was assumed that the rate of reduction of the mean 

hydraulic diameter of the bundle due to solidification was ap

proximately equal to that of a parallel-plate channel having the 

same initial hydraulic diameter and temperature. 

Freezing phenomena observed by Gilpin 

In the analyses mentioned above, it is to be noted that even 

in turbulent cases, a smooth and stable ice-water interface was 

assumed to exist as in the laminar flow cases. Recently, Gilpin 

[26-28] observed extensively the ice-formation phenomena in a 

cold pipe containing flows. Fig. 2 presents sketches of the three 

basic modes of ice formation in water pipe with main flow. The 

first growth mode (Fig. 2a), which has been observed for the 

case of relatively large main flow and can be called the "an

nular" ice growth mode, is the simplest case. This mode is very 

similar to that which has been analytically predicted by pre

vious investigators. In this mode all the ice growth appears as a 

thin shell attached to the inside of the pipe. The second growth 

mode (Fig. 2b), was observed for the case of moderate main 

flow, is a mixed mode. At a typical time, during the progress of 

the water flow through the pipe, there is a zone of dendritic ice 

growth and a region in which an annular ice shell exists with 

some "frazil" ice particles or broken dendrites flowing in the 

water, and behind the advancing front there is a plug of "slush" 

ice. The third growth mode (Fig. 2c), which has been observed 

for very small main flow, is found to be capable of causing a 

pipe blockage. In this growth mode, at one or more sites along 

the length of the pipe, dendritic ice crystals were seen to grow 

on the pipe wall. This dendritic ice growth will rapidly spread 

within the pipe until a large section of the pipe was filled with a 

dense matrix of ice crystals interspersed into the water. The 

growth of these crystals was reported to be similar in all aspects 

to the growth of dendritic ice in supercooled quiescent water. 

In the first growth mode, Gilpin [28] reported excellent 

visual observations of the ice growth in a pipe containing a flow 

near the transition Reynolds number. He found that the final 

steady-state ice did not exhibit a uniformly tapered flow pas

sage as has been predicted by most previous theory, but there 

took place a flow passage with a cyclic variation in cross-sec

tion along the length of the tube. Fig. 3 demonstrates the 

steady-state ice profiles for various cooling temperature ratio 

9c. For 9c =11.8, it is observed that there are 5 cycles ofexpan

sion and contraction of the flow passage (which was called an 

"ice-band" structure by Gilpin [26]) along the length of the test 

section. The characteristics of the ice-band structure for 

Reynolds numbers ranging from 370 to 1.4 x 104 are shown in 

Fig. 3, where S is the distance between separation points on 

consecutive ice-band and Dis the inner tube diameter. It is seen 

in the figure that the ice-band spacing (wave length) decreases 

sharply with ec for small values of ec and then approaches the 

constant value of about 6 for ec > 10. 

The periodic oscillations of overall pressure drop, which 

were observed using copper tube with 116.0 em in length and 

1.45 em in diameter and seem to be really related to the 

phenomena mentioned above, were reported by Thomason and 

Mulligan [29]. 

Freeze-off Condition 

Fundamental understanding of the mechanism and the con

dition for the onset of freeze-off of a pipe flow are of great im
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Fig. 3. The steady-state ice band spacing in a pipe [28]. 
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portance not only in the design of utility systems for northern 

climates, but also in the problem related to fast nuclear reactor 
safety analysis. Epstein et al. [30] treated analytically and ex

perimentally the solidification of a liquid at its fusion tempera

ture as it penetrates into an initially empty tube cooled on the 

outside. Their approximate analytical solutions were later 
numerically verified by Epstein and Hauser [31]. Sampson and 

Gibson [32] proposed a mathematical model for the criteria that 
predicts the conditions under which freeze-off will take place in 

a pipe containing a laminar flow of liquid. The same problem 
with turbulent flow conditions was also considered by Sampson 

and Gibson [33]. Recently, the effect of heat conduction and 

capacity within the wall of a channel or tube with a flow of liq

uid on transient solidification of the liquid was analytically in

vestigated by Schneider [34], who predicted that the 

solidification layer eventually disappears locally if the wall 

temperature increases to values above the fusion temperature of 

the liquid, based on the heat transferred from the solidified layer 

to the wall. More recently, Hirata and Ishihara [35] studied ex

perimentally and analytically the conditions for the onset of 

freeze-off of a pipe containing a flowing water using copper 

(16.6 and 19.9 em in inner diameter) and steel (36 mm in inner 

diameter) tubes with 697 mm in length. They clarified that the 

pipe freeze-off first takes place at the contraction region of the 
ice-bands and the conditions were given as a relationship be

tween cooling temperature ratio, 9c, and modified Reynolds 
number, Rep, based on total pressure drop. 

Freezing ofLayered Air-Liquid Flow 

For a large scale pipeline and a drain pipe, in which air phase 

and liquid phase usually coexist, little is known about the freez

ing characteristics of layered air-water flow in a pipe. Recently, 
Fukusako et al. [36] studied experimentally transient freezing 

characteristics of layered air-water flow in a circular tube, in 
which the cooled air and water flow together. The experiments 

were carried out under a variety of conditions of water velocity 
and air velocity with tube-wall temperature kept uniform at less 

than the fusion temperature of water. They focused their atten

tion on photographical visual observations of the developing ice 

layer along the tube wall. It was clarified in their observations 

that the water level rises due to the growth of an ice layer along 

the tube wall submerged in the water flow and then the ice layer 
along the upper wall grows thicker than the lower part due to the 

splashing of the water droplets caused by intense ripples which 

take place at an air-water interface. It was also observed that 

three types of ice formation may exist for steady state. 
Fig. 4 shows the freezing characteristics of layered air-water 

flow in a circular tube at water velocity of 0.17m/s. In the 

figure, L denotes the distance from the inlet of the cooling tube. 
An inspection of the figure reveals that the ice-layer thickness 

along the upper wall increases from the entrance region of the 

test section (L =200 mm) to the exit one (L =800 mm) 50 

minutes after the start of cooling. When 90 minutes had elapsed, 

as shown in Fig. 4a3, b3, and C3, the shapes of the cross section

al area of the flow path exhibit a shape akin to a gourd. This 

may be attributed to the fact that the ice layer along the upper 

tube wall begins to increase after the ice layer below the water 
surface has grown sufficiently. For higher water velocity (0.41 

m/s) it was observed that the ice layer along the upper pipe wall 
attains a full growth after 50 minutes of cooling, which may 

cause the lower part of ice layer in the tube to melt away, result

ing in the decreasing of the ice-layer thickness at the lower part 

of the tube. 

Freezing in Return Bend 
Freezing heat transfer in curved ducts is of considerable im

portance because of its wide application. Freezing behavior and 

freezing heat-transfer characteristics in curved ducts were 

studied experimentally by Fukusako et al. [37-39]. In [37], they 
determined the freezing characteristics for a concave wall of a 

return bend having a rectangular cross section, whose concave 
wall was cooled at uniform temperature less than the freezing 
temperature of water, while the convex wall was insulated. It 

was observed that "smooth" transition of ice formation on the 

concave wall takes place for turbulent flow. The freezing heat 

transfer from a concave wall of a return bend was investigated 

in [38]. The experiments were carried out for three kinds of duct 

heights from 97 to 45 mm and for curvature radiuses of 136, 87, 

and 68 mm under the same wall conditions mentioned above. 
The mean heat-transfer coefficients were found to increase with 

both increasing duct height and decreasing radius of curvature 

of the return bend. Freezing characteristics along a convex wall 

in a return bend with the rectangular cro~s section were studied 

by Fukusako et al. [39] under the condition that the convex wall 

was cooled at uniform temperature kept at less than freezing 
temperature of water, while the concave wall was insulated. 

Fig. 5 shows the ice-thickness transition location along a con
vex wall for Reynolds numbers from 4.7 x 103 to 1.42 x 104

. In 
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Fig. 4. Freezing behavior in air-water layeredflow [36]. 

the figure are also shown the ice-thickness transition locations 

for flat plate and parallel-plate channel flows with ice formation 

for comparison. The research indicates the ice-thickness transi

tion locations for a convex wall are somewhat less than those 

for the flow between parallel plates. 

MELTING OF ICE WITH MAIN FLOW 

Melting in a parallel-plate channel 

Boley [40] studied theoretically the melting problem in 

laminar flow between parallel flat plates by use of a combined 

numerical and integral-profile method, in which it was assumed 

that the thickness of time- and space- dependent thermal and 

velocity boundary layers never become comparable to the half 

width between the parallel plates. Boley focused his attention 

mainly on the entrance region and provided the thermal and 

velocity boundary layers and the positions of the melting sur

faces that eventually correspond to the plate walls. 

The experimental work of melting in turbulent flow in a 

parallel-plate channel was carried out by Seki et al. [41], who 

investigated ice-melting characteristics as water flows through 

a clearance between an ice slab and a heated flat plate. The ex

periments were performed under the condition that the ice slab 

was contacted with lower plate being kept uniform temperature 

less than the melting temperature of the ice, while the tempera

ture of upper plate was heated at temperature higher than that of 

the water-flow temperature. The cooling- and heating- tempera

ture ratios, 9c and 91! were varied from 1.84 to 7.33 and 1.63 to 

39 .0, respectively, where 9c =(Tf- T wc)/(T oo - Tf) and 91! =(Twh 

- Too)/(Too- Tf). In addition, the clearance ratio C/H was varied 

from 0.1 to 0.35, where Cis the initial clearance between the ice 

THE NORTHERN ENGINEER, VOL. 20, NO.2 
8 



5 
Re11 •'3.2X105 

(Flat Plate) 
0.09 5

Rex•--;1" X10 

(Flat Plate with lee-Layer) 

Ls/Ho• 3.15 X105( Re0 ·Bfo.7 a 
(Parallel Plates with lee-Layer) 

5 

0 Present 
.... 
' ' ' .... 

9wo-8"C 

eln~ 1"c 

16' '0 ... 
oo'',... ... ... 

5 

Fig. 5. Relationship between ice-thickness transition 
locations and mean velocity [39]. 

slab and the upper heated plate and H is the height between the 

parallel plates. 

For Reynolds numbers less than about 104 a translation in 

ice-slab thickness was observed during the melting process. The 

transition locations in the ice-slab thickness for both the onset 

and steady-state conditions were determined in detail and thus 

the correlation equations were found to be a function of 

Reynolds number, heating-temperature ratio, cooling-tempera

ture ratio, and clearance ratio. Furthermore, the melting heat

transfer characteristics were extensively investigated. It was 

found that the transition location in the ice slab for melting 

process was about 30% smaller than that for freezing process. 

Though this observation appears to be quite interesting, whether 

or not the same observations will remain valid in a wide range 

of the clearance ratios is not immediately clear. 

FREEZING OF WATER WITHOUT MAIN FlOW 

Freezing Phenomena 

Freezing Phenomena observed by Gilpin 
Freezing of water pipes in cold regions is an unavoidable and 

undesirable phenomena. It is now well known that pipes can be 

blocked by ice formation to the extent that the flow can not be 

restarted much sooner than that predicted previously on the 

basis of an annular growth of ice, for instance, by London and 

Seban [42]. Gilpin [43, 44] clarified that this is because the 

dendritic ice forms within a horizontal pipe when there is no 

main flow through the pipe during the freezing process and 

showed that there were two stages of ice blockage; one is a 

blockage of the pipe cross-section by dendritic ice forming as a 

result of supercooling in the water, the other is a subsequent 

block of the pipe by the growth of a solid annulus of ice in from 

the wall. 

Gilpin [43] frrst observed that when quiescent water in a pipe 

was cooled, the nucleation of the ice crystal normally does not 

occur until the water temperature near the pipe wall is super

cooled 4°- 6°C below the freezing temperature. Fig. 6a shows 

that the cross-section of the pipe containing water is super

cooled to -3°C just before the start of ice nucleation. Fig. 61Hl 

indicate the growth of ice dendrites from the nucleation center 

near the top of the cylinder until the cross-section is blocked by 

the dendritic ice. The total time required for this dendritic ice 

growth phase to be completed is about 30 s. At the end of this 

situation the temperature of the remaining water within the pipe 

returned to 0°C due to the release of fusion latent heat. After 

that, the growth of an annulus ice is found to take place and 

form inward from the pipe wall. 

Effects ofParameters on the Phenomena 

Gilpin [44] also investigated extensively the effect of cool

ing rate on the formation of the dendritic ice within a quiescent 

water pipe and found that the slower the cooling rate the more 

likely the pipe is to be blocked by the dendritic ice. The effect 

of free convection on the characteristics of the dendritic-ice 

growth in a water pipe was also studied by Gilpin [45], who 

pointed out that it is an important factor if the supercoolings is 

about 2°C and less. 

Freezing Limit 
An interesting study concerning the freezing limit within a 

water pipe was recently reported by Sugawara et al. [46], who 

showed that cavity problems will convey further interesting 

results if the density and the volume are fixed. Their analysis of 

water freezing inside a closed pipe indicated that as the water 

freezes, the pressure within the remaining water increases 

which lowers the fusion temperature. Sugawara et al. [46] 

demonstrated that eventually the system can reach an equi

librium state without the liquid completely freezing in a 

specified temperature environment. Fig. 7 shows the maximum 

thickness of ice layer, Xmax, and the maximum pressure, Pmax, 

at the freezing limit, where ~ is pipe-wall thickness, D inner 

diameter of the pipe, and Too environmental temperature. It 
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Fig. 6. The growth ofice in a pipe (a) before ice 
nucleation, (b), (c), (d), (e) dendritic ice growth, and (f) 

annular ice growth [43]. 

seems that Xmax and Pmax are not affected by AR, but the in

fluences of Too and D on the freezing limit are quite large. 

Effect of Free Convection on Freezing 

Freezing in Horizontal Layer 

Because of the non-linear relationship ofwater between den

sity and temperature, cooling of water from an initial uniform 

temperature greater than 4°C passing through its maximum 

density point provides a complex free convection, which as a 

result introduces an additional complexity in freezing problem. 

Tankin and Farhadieh [47] studied the role of free convec

tion on the formation of ice when water was cooled from below 

using a Mach-Zehnder interferometer and found that the critical 

Rayleigh number marking the onset of free convection for the 

case of freezing from below was about 480. Free convection in 

a horizontal water layer cooled transiently from above to near 

freezing was investigated numerically by Forbes and Cooper 

[48] for a variety of cooling conditions. They showed that in all 
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Fig. 7. Maximum thickness ofice layer and maximum 
pressure increases versus environmental temperature [46]. 

cases for which convection is possible the 4°C isothermal line 

divides the depth of the water into both a region of 

hydrodynamic instability below the isotherm and a stable 
region of water above the isotherm. 
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Fig. 8. Transient streamline patterns and isotherms 
for Case 1 [51]. 

Freezing in horizontal tube 

Gilpin [49] carried out an experimental study on cooling of 

water within a horizontal cylinder with wall temperature 

decreasing at a constant rate through the maximum density 

point at 4°C and identified four flow regimes of transient, quasi
steady, inversion, and quasi-steady states before the initiation of 

the freezing process. He also studied the phenomena observed 
theoretically using an integral treatment of boundary layer. 

Numerical studies on transient free convection of water in a 

horizontal pipe with constant cooling rate through 4 °C were 

performed by Cheng and Takeuchi [50, 51], who employed the 
explicit Dufort-Frankel method for the finite-difference solu

tion of the full Navier-Stokes equations. The stream patterns 

and isotherms corresponding to the particular times shown in 

Fig. 8 indicate that the convection motion and thus free convec
tive heat transfer behaves in a complex and peculiar manner. 

Furthermore, Cheng et al. [52] investigated the transient free 

convection cooling in the same geometry with a convective 

cooling condition. They presented the numerical solutions both 

with and without supercooling of water. 

Freezing in Rectangular Cavity 
Vasseur and Robillard [53] determined transient free con

vection flow and heat transfer in a rectangular cavity filled with 

cold water, where water was assumed to be initially at a uniform 

temperature Ti ( >0°C) and the cavity walls were also main

tained at a temperature of0°C. They numerically solved the sys

tem of governing equations for both the various aspect ratios 

and initial water temperatures ranging from 4°C to 6°C and 

pointed out that the flow patterns and thus overall convective 

heat transfer were markedly influenced by the presence of the 
density inversion. The transient heat transfer in the same 

geometry with supercooling of water was also numerically 

studied by Robillard and Vasseur [54]. 

Freezin& of Air-Water Layers 

For a large scale pipe-line or a drain pipe, it is usually ob

served that the layered air-water phase coexists, and thus the 

freezing may be expected to become somewhat complicated 
compared with that for single phase. Very little is known, 

however, about the freezing characteristics of layered air-water 
phases in a circular pipe. 

Fukusako et al. [55] carried out an experimental study to 

determine the influence of density inversion of water on the 

transient free convection heat transfer in a circular tube as the 

wall temperature is decreased at a uniform rate. A holographic 
interferometry technique was successfully adopted to measure 

visually the time-dependent distributions of the temperature in 

the tube. It was observed that when the cooling rate of pipe wall 

is comparatively small an ice growth does not normally 

nucleate until the water temperature near the pipe wall is super
cooled to 4°- 6°C below fusion temperature. It was also found 
that the heat-transfer calculation results 'obtained by fmite-dif

ference technique full Navier-Stokes equations are in good 

agreement with the experimental ones. 

EreezinK of Phase Change Medium besides Water 
In recent years, because of its relevance to phase-change 

thermal energy storage systems, many aspects of freezing of 
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phase change medium besides water have been investigated 

both experimentally and analytically. The effect of inclination 

ofa sealed cylindrical capsule on freezing heat-transfer process 

was experimentally determined by Larson and Sparrow [56], 

who found that the cylinder inclination played a negligible role 

in determining the amount of energy related during freezing 

under either initial liquid superheat or cylinder wall supercool

ing. On the other hand, the inward freezing problems of spheres 

with the effect of radiation at sphere surface and with the effect 

of free convection during freezing were numerically inves

tigated by Hill and Kucera [57] and Guenigault and Poots [58], 

respectively. 

MELTING OF ICE WITHOUT MAIN FLOW 

Melting of Horizontal Ice Layer 

Melting Forms 
It is well known that at the beginning of the melting process 

estimation of the thickness of the horizontal melt layer of ice 

may be not so difficult if the layer is quite thin. However, a 

somewhat complicated situation will arise as the layer becomes 
thick. In a horizontal melt layer of ice heated from above or 

below, there will take place four typical situations because of a 

peculiar characteristic of water having its density inversion at 

4°C. When heated from above, the fluid layer consists of both 

potentially stable and potentially unstable layers if the wall 

temperature is higher than 4°C, while the entire fluid layer is 

potentially unstable due to the buoyancy force existing in the 

layer if the wall temperature is in the range of 0°C to 4°C, as 

shown in Figs. 9a and 9b, respectively. On the other hand, when 

heated from below, there will be an unstable liquid layer when 

the lower wall temperature is greater than 4°C, as shown in Fig. 

9d. 
Melting by Heating Wall from Above 

A number of studies on the onset of free convection and heat 

transfer in a melt layer of ice heated by upper wall have been 

carried out so far. Boger and Westwater [59] found experimen

tally that the critical Rayleigh number corresponding to the 

onset of free convection was about 1700. Yen and Galea [60] 

showed that the critical Rayleigh number for water was not a 

single value as for normal fluids having monotonic relationship 

of density with temperature, but varied with the temperature of 
the upper wall surface. Sun et al. [61] reported that the ex

perimental values of the critical Rayleigh number are in good 

agreement with their analytical predictions. As pointed out ear

lier, Tankin and Farhadieh [47] found that the critical Rayleigh 

number for the case of freezing from below was about 480. 

Katto and Iwanaga [62] demonstrated that the critical Rayleigh 

number obtained by them and Seki et al. [63] agreed well with 

that obtained by a modification of the analytical results obtained 

by Sun et al. [61]. Seki et al. [63] found, experimentally and 

numerically, that both the onset of free convection and the free 

convective heat transfer are markedly affected by the tempera

ture of upper wall for T2 < S°C, unlike the results obtained for 

normal fluids without density inversion. Marker et al. [64, 65] 

determined the critical Rayleigh number by defining a modified 
Rayleigh number introducing the height of the complete fluid 

layer rather than the height of the unstable layer. 

Fig. 10 shows a graphical comparison between the ex

perimental and analytical values of Rae. In the figure, a full line 

denotes the analytical results predicted under the physical sys

tem, while the dashed line shows the ones corresponding to the 

case with upper free surface (without surface tension). The ap

pearance of refraction in the predicted Rae at 4°C is resulted 
from the mathematically different defmition Rae between Tz S 

4°C and T2 > 4°C. For Tz > S°C, the upper-surface condition 

may be only felt indirectly by the potentially unstable layer be

cause there exists a stable layer between the upper wall and un

<f<T2 ~4°C Tz>4°C 
Stable1~ Layer

Unstable 
Layer :J: Tm=4°C1~ Unstable.c layer 

Tt•0°C T1 =ooc 
lee Ice 

{a) (b) 

Ice Ice 

Tt=0°C T1 =ooc 
Stable 
Layer

Stable 

1 
Tm=4°C 

Unstable 
Layer 

l 
Layer ------

<f<T2 ~ 4°C Tz>4°C 

(c) {d) 

Fig. 9. Four situations ofhorizontal melt water layer {70]. 
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stable layer. Thus, it may be quite reasonable that the Rae 
values are nearly constant for T2 > 8°C. On the other hand, the 

Rae, surprisingly, increases with deceasing T2 for T2 < 8°C. 

This may be based on the fact that since the temperature of the 

upper wall decreases, the thickness of the stable layer decreases, 

which corresponds to the increased effect of upper boundary 

condition on the onset of free convection within the unstable 

layer. It is of interest that value of Rae at T2 = 4°C is ap

proximately 1700. 

Yen [66] studied experimentally the melting of ice by upper 

heated wall ranging from 4.06° to 25.10°C and found that the 

heat flux which arrived to ice-water interface was about 700 

W/m2 without regard to the upper-wall temperature. Tien et al. 

[67] estimated analytically the heat-transfer rate using 

Turcotte's convection model. Seki et al. [63] determined 

numerically the heat-transfer rate using a two-dimensional cell

structure model. Fig. 11 indicates a comparison between the 

experimental and analytical results, where the Nusselt number 

is defined as follows: 

Nu=a.•h/A. (1) 

-Predicted 
---Free Surface 

Experiments
0 

0 oPresent 
eSunetal [143] 
x Katto et al[1l.4] 

• 

o, 2 3 4 5 6 7 8 9 10 11 12 
r2 •c 

Fig.JO. Critical Rayleigh number, comparison of 
experimental and analytical results [63]. 

For T2 >or .. 9°C, the Nu at a certain Ra exhibits same value 

regardless of the T2 value because the free convection heat 

transfer induced by buoyancy becomes independent of upper

wall condition. However, the Nu values decrease with a 

decrease in T2, and eventually show similar characteristics as 

that for normal fluid without density inversion for T2 ~ 4°C 

when a stable layer disappears. Adrian [68] measured both the 

vertical velocity and simultaneous temperature fluctuation in 

turbulent, statistically steady convection in a water over an ice 

surface using a Laser-Doppler velocimeter with a frequency

shifted reference beam. He reported that there were the mean

square fluctuation over 80% in velocity and temperature. 

Melting by Heating Wall from Below 
For melting ice from below, Boger [59] obtained an oscillat

ing water-ice interface in melting experiments and concluded 

that the critical Rayleigh number is approximately 1700. Yen 

[69] observed a regular cell structure in a melting ice layer 

heated from below and pointed out that the critical Rayleigh 

number is not a single constant but depends upon the lower 

heated-wall temperature. Sun et al. [61] also presented a 

stability-diagram valid in the temperature region of 0° to 35°C 

and reported that the experimental values for the onset of free 

convection for T2 ranging from 7.7° to 25.2°C are in good 

agreement with their analytical results. 

A comparison between the experimental results by Yen [69] 

and Sun et al. [61] and the analytical predictions by Fukusako 

et al. [70] is shown in Fig. 12, where Ra" is a modified Rayleigh 

10r------------------------------, 
8 - Sekl et al. [Analysis] 

--- Schmidt et al. [Experiment] 

• T2=2"Cl
<t T2=4"c • . 
Q r2=S"c Sek1 et at [Expenment] 
o T2=S"C 

x Plows [Analysis] 


4 6 81o" 2 4 6 81(f 
Ra 

Fig.ll. Heat transfer in melted water layer heated from 
upper wall [63]. 
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~ 	1000 
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Fig.12. Criterion ofonset offree convection in a melt water 

layer heated from below [70). 

number and A is the ratio of unstable layer thickness to the 

whole liquid layer. (See Fig. 9d) 

Ra" = gJ3 (T2- Tm)h3/(VK) (2) 

A= (T2 - Tm)/(T2- Tt) 	 (3) 

It is seen in the figure that for A< or .. 0.6 the Rae" value 

may apoach approximately the uniform value of 500. This sug

gests that the effect of ice surface on the onset of free convec

tion decreases with a decrease in T2. On the other hand, as A 
increases (corresponding to an increase in T2) the flow induced 

by buoyancy within unstable layer tends to extend into the 

stable layer, and eventually the flow is influenced by the shear 

stress at the ice surface. Thus, the critical Rayleigh number in

creases for A > or == 0.6 and then as A approaches 1.0 the Rae" 
seems to approach the value of 1700 which is obtained for nor

mal fluid without density inversion. 

A number of studies on heat transfer in a a melted water 

layer heated from below were reported by Yen and Tien [66, 67, 

71, 73]. Fig. 13 shows the experimental results by Tien et al. 

[67] along with ones by Schmidt et al. [74] for common fluids. 

It is clearly shown in the figure that when Ra" is less than about 

104 the Nu values for Tt =0°C are greater than those for Tt = 

101 

8 r-----------------------------------~ 
---Schmidt et al. [156} (EJCperlments):;,6 

z • Tt .. 9•c}
4 	 oTt • 4•c Tien eta!, [149) (Experiments) 

6 n =aoc 6 -~s~-
6 


2 A 
6 


~~~~~~-U--~~--~-LJ_U 
10 

2 
2 4 2 4 6 8 104 2 4 6 B 105 

Ra,Ra 

Fig.13. Heat transfer in a melt water layer heated from 
below[72). 

4°C and 8°C, thus indicating physically that the fluid flow in a 

melted water layer having a stable layer between an unstable 

layer and an ice surface is easily took place. However, when 

Ra" increases (corresponding to increase in T2) heat-transfer 

rate approaches those for normal fluids since the flow circula

tion goes in the stable layer and eventually reaches the iCe sur

face. 

Effect of Free Conyection on Melting in Cavity 

Free Convection in Rectangular Cavity 

Free convective heat-transfer problem with maximum den

sity in a confined cavity is of great importance because it is 

closely related to the melting of ice layer within various con

fmed vessels. Watson [75] did a numerical analysis for the free 

convective heat transfer with density inversion of water in a 

confined rectangular cavity for the special case of aspect ratio 

H/W =1 (H: height of the cavity, W: width of the cavity) and 

suggested that the effect of the physical-property variation such 

as viscosity or thermal conductivity on both the flow field and 

convection heat transfer could not be neglected. His numerical 

computations, however, were restricted to a rectangular vessel 

having a small W due to the convergence of their solutions. The 

effect of maximum density on convective heat transfer of water 

in a rectangular vessel, in which the temperature of one wall 

was maintained at 0°C and that of the opposing hot wall was 

varied from 1° to 12°C, was determined both experimentally and 

analytically by Seki et al. [76]. In their analysis, all the ther

mophysical properties were taken to depend upon temperature. 

They demonstrated that the various flow patterns induced by the 

density inversion influenced to a great extent on the convection 

heat transfer and the mean Nusselt number took a minimum at 

about Th =8°C. In Fig. 14, typical flow patterns under various 

Th are shown together with the patterns of streamlines 
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cavity and suggested that two counter eddies might 

disturb the heat transfer within the cavity. 

Free Convection in Annular Cavity 
Seki et al. [78] carried out an experimental study 

of free convection heat transfer with density inver

sion of water between two horizontal concentric 

cylinders with various diameter ratios, whose inner 

cylinder surface was kept at the fusion temperature of 

water and whose outer cylinder surface was main

tained at various temperatures above the fusion 

temperature. They found that the distributions of the 

local heat-transfer coefficients along both the inner 

cylinder and outer cylinder surface were, to a great 
extent, changed due to the complicated patterns of 

a 
lG 

'••« 
the standing eddies due to density inversion of water 

within the annulus. Seki et al. [79] also did an 

l 
G 

y G!> 1,() 00 y 0!> 10 analysis for the same geometry, in which all the ther
' ~-' 

·~ }if•t ' .j4-43•td3 mophysical properties were assumed to be a function 

of temperature. Fig. 15 shows a typical pattern ofcal

•]
>1'•<!1••10 

culated streamlines and the corresponding local Nus

selt numbers on inner and outer cylinders for Th = 
I!C 

...a,, 
6°C, along with the experimental data in [78]. The 

•\G'f>' 

f discrepancies between the analytical heat-transfer 

0!> 
,..,,Ql 
••<f1 

& 
OS 

results and experimental data, particularly over the 

surface of inner cylinder, may be due to the fact that 

the local heat flux for the outer cylinder was 

evaluated from electric input to ~h main heater 

which consisted of twelve independently controllable 

heaters with individual guard heaters, while the local 

heat flux for the inner cylinder was obtained from the 

measured temperature gradient adjacent to the sur

,. face. 

Meltin& Inside Horizontal Tube
Fig. 14. A visual photograph and predicted streamlines ofthe flow pattern for 

The melting process inside a heated horizontal HIW=5, W=20mm[76]. 
tube was studied numerically by Pennu et al. [80] and 

predicted. In these experiments, it was reported that the flow Saitoh and Hirose (81]. Both applied a two-dimen

pattern is stable and two-dimensional flow is attained. sional Landau transformation to immobilize the liquid-solid in

Recently, Inaba and Fukuda [77] studied experimentally the terface. Recently, Rieger et al. [82] e~tended their analysis [83] 

effect of inclination on the heat transfer with density inversion to melting within a horizontal tube. They also performed an ex

for the same geometry mentioned above. They observed that the periment using n-octadecane as a phase change medium and 

flow patterns in the cavity are changed not only by the effect of measured the solid-liquid interface positions as well as local 

density inversion but also greatly by inclination angle of the heat-transfer coefficients as a function of time. They reported 
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18o" 

Fig. 15. Steamline pattern and local Nusselt number, 
do= 121.5 mm, di =69.6 mm, and Th =fi"C [79]. 

that the experimental data are in reasonably good agreement 
with their numerical results. 

CONCLUDING REMARKS 

A review was performed on water-freezing and ice-melting 

problems involving an internal flow. The article was prepared 

with an intention of presenting the recent advances in heat 

transfer pertaining to water-freezing or ice-melting phenomena 

in the internal flow. Attention was also directed to the freezing 

or melting problems with respect to phase change materials. 

Further developments in this field are to be expected in the near 
future. 
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ADFREEZE STRENGTH OF FRESH AND SEA ICE 
BONDED TO STEEL PILES 

by 
W. G. Nelson and A. Phukan 

ABSTRACT 

Tests were conducted at the University of Alaska Anchorage 

Cold Room Facility to measure the short-term adfreeze 

strengths of fresh and sea ice bonded to a steel tube. An 8.9 cen

timeter diameter steel tube was frozen into a 60 centimeter thick 

layer of ice. The tube was then loaded axially under a specially 

designed frame until failure at the ice-steel interface occurred. 

Failure of the ice-steel interface was achieved within two to 

eleven seconds after load application had begun. 

The ice salinity was varied from 0 to 30 ppt. Ice tempera

tures were adjusted from 0°C to -52°C. A total of 37 tests were 

conducted over this range of temperatures and salinities. 

Adfreeze strengths measured during this test series ranged 

from 0.1 MPa to 1.6 MPa. The adfreeze strengths increased as 

the ice salt content and temperature decreased. 

NOMENCLATURE 

ppt ............................................... parts per thousand 


s......................................................salt content, ppt 


V ................................................. brine fraction, ppt 


T ..................................................... temperature, °C 


INTRODUCTION 

The magnitude of the adfreeze stress developed between ice 

and steel surfaces can affect the design of offshore structures in 

northern areas. The maximum adfreeze stress that can be 

developed (the adfreeze strength) influences the design of struc

tures with inclined surfaces subjected to horizontally moving 

ice as well as structures with vertical sides situated in water 

bodies with changing water levels. These design considerations 

are discussed by Croasdale (1980) and Coe (1984). 

Work outlined by Schwarz and Weeks (1977) and Michel 

(1978) relating to the physical properties of ice indicates that 

the adfreeze strength that can develop between ice and steel 

could be a function of several variables. These variables include 

the ice temperature and salt content and the rate of stress build

up at the ice-steel interface. In addition, the chemical and physi

cal properties of the steel surface are important (Sayword, 

1969). 

It was the purpose of this study to measure the short-term 

adfreeze strength that could be developed between ice and an 
uncoated steel surface. Short-term adfreeze strengths between 

fresh and saline ice and unpainted steel surfaces were measured 

over a wide range of environmental conditions. The ice 

temperature was varied from 0°C to -52°C while the ice salt 

content was varied from zero to 30 parts per thousand. 

Several additional studies in which the adfreeze strength be

tween ice and steel was measured are listed in the reference sec

tion of this paper. These include work by Stehle (1970), 

Frederking (1974), Jellinek (1974), Sackinger (1977), Parames

waran (1981), Saeki et al (1981), and Foster (1986). Data 

generated by Foster (1986) are included in the paper. Data 

reported by the other authors listed above are not directly com

parable to the data presented in this paper, due to differences in 

the test conditions such as apparatus geometry, rate of failure of 

the ice-steel bonds, and types of ice tested. The reader is en

couraged to review the work presented by these authors. 

EXPERIMENTAL PROCEDURE 

A schematic drawing of the testing apparatus is shown in 

Figure 1. The testing apparatus consisted of a reaction beam and 

220 kN capacity hydraulic ram which was positioned above a 

91 centimeter long, 8.9 centimeter diameter seamless steel tube. 

The tube, constructed of a mild carbon steel (A-36) with a wall 

thickness of 0.55 centimeters, was frozen into the center of a 61 

centimeter diameter ice cylinder. The vertical steel tube ex

tended through the ice which ranged from 46 to 61 centimeters 

in depth. The ice, which was contained within a cylindrical 

cardboard mold, rested on a reinforced flat steel plate. The steel 

plate had a 9 centimeter diameter hole to allow the steel tube to 

pass through the plate. 

The surface of the steel tube was selected to model that of a 

weathered steel surface with some surface corrosion but no 
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Fig. 1. Testing Apparatus 

major pitting. The surface corrosion on the steel tube was tight

ly bonded to the steel. The tube surface was cleaned with a hand 

held steel brush before each test to remove loose surface 

materials. 

The testing apparatus was contained within a walk-in cold 

chamber. The cold chamber temperature could be adjusted to 

within 1°C over a temperature range of 0°C to -52°C. Ice was 

formed around the vertical steel tube using cold tapwater with 

an appropriate content of artificial sea salt. The salt mix used 

was a commercially available aquarium salt (Tropic Marin). 

The ice temperature was measured using Type T ther

mocouples positioned within the ice at 15 centimeter intervals 

starting at the base of the icc. The thermocouples were placed 

10 centimeters from the steel tube. 

After the ice had reached the desired uniform temperature, 

the steel tube was loaded axially with the hydraulic ram which 

was actuated using a 1 HP Enerpac hydraulic pump located out

side of the cold room. Failure of the bond between the ice and 

steel tube was achieved within two to eleven seconds after the 

start of the test. 

After the ice-steel bond had failed, the test was terminated. 

Heat was then applied to the steel tube until the ice had melted 

a distance of approximately 10 centimeters from the steel tube. 

The steel tube was then cleaned and repositioned. The new ice 

was formed in the annulus between the tube and existing ice by 

adding enough water to form a 15 centimeter layer, letting this 

freeze, and then adding another layer until the desired ice thick

ness was formed. The process of forming the ice and achieving 

a uniform ice temperature was extended over several days to 

allow for the dissipation of stresses within the ice. 

Data recorded for a given test included the force required to 

fail the ice-steel bond, the area of the ice-steel interface, the 

time duration of the test, the salt content of the water used to 

form the ice, and the temperature of the ice and steel tube at the 

time of the test. From these data the adfreeze strength and an 

average stress addition rate could be computed. 

EXPERIMENTAL RESULTS 

A total of 37 tests were conducted over a temperature range 

of0°C to -52°C. The salinity of the ice was varied from 0 ppt to 

30 ppt. Data from six of these tests were not used due to abnor

mally low failure strengths. 

The six abnormally low values were probably the result of 

cracks which were observed on the top of the ice prior to the 

tests. In that the tube was not extracted from the ice after bond 

failure, the extent of cracking at the failure surface could not be 

determined. Because the data presented in this paper could be 

used for design purposes, the authors felt justified in extracting 

these data which were believed to reflect abnormally low values 

of adfreeze strength. 

The test results are shown in Table 1. The temperature, 

salinity, and adfreeze strength \\ere derived directly from 

measured test results. It was assUiucd, for computational pur

poses, that the stress was uniformly distributed over the ice

steel interface area. 

The fraction of brine volume within the ice at test conditions 

was computed using Equation 1 below, which was developed 

by Frankenstein and Garner (1967). The salt content of the ice 

adjacent to the steel tube was assumed to be equal to that in the 

water used to make the ice. 
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Table 1. Results of Adfreeze Tests 

Salt Tem~rature Adfreeze 
Content \C) Strength 
(p%t) 

-1.1 
~a) 

0 -6.1 0.51 
0 -12.8 0.56 
0 -17.2 0.76 
0 -23.8 11.07 
0 -26.7 1.19 
0 -31.7 1.25 
0 -38.9 1.59 
0 -46.1 1.63 
5 -4.4 0.28 
5 -7.8 034 
5 -13.3 033 
5 -283 0.58 
5 -36.1 0.73 

10 -5.0 0.17 
10 -13.3 0.41 
10 -28.6 033 
10 -44.4 0.87 
10 -51.6 1.27 
15 -7.8 0.23 
15 -13.3 0.26 
15 -28.9 0.56 
20 -6.7 0.13 
20 -133 0.17 
20 -27.2 0.51 
20 -36.7 0.74 
20 -45.8 0.84 
30 -7.2 0.13 
30 -133 0.22 
30 -30.6 0.39 
30 -34.4 0.38 

49.185 
V=S(· +0.532)

T 
Where: 

1.1 

1.7 .. 
1.1 

I.S 

I 
1.4 

l.ll a a 
1.2 

I 
1.1 

I 
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11.1 
w Ill a 
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11.11 - liP~ 
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0.1 

0 
0 

-	 -20--C) 
a IDa 

Fig. 2. Adfreeze Strength vs Temperature 
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Fig. 3. Adfreeze Strength vs Brine Vol. 
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Fig. 4. Adfreeze Strength vs Brine Vol. 
0°to-10°C 

Brine 
Vol 
wpt)

0. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

57.9 
34.2 
21.0 
11.2 
9.4 

103.5 
42.0 
22.5 
16.0 
14.6 

102.6 
63.0 
33.2 

157.8 
84.0 
46.4 
37.1 
31.6 

219.7 
126.1 
63.7 
58.2 

Ave. Stress 
Rate 
~s) 
0.07 
0.06 
0.08 
0.18 
0.13 
0.14 
0.16 
0.15 
0.08 
0.08 
0.08 
0.10 
0.11 
0.07 
0.09 
0.09 
0.16 
0.15 
0.08 
0.08 
0.10 
0.07 
0.07 
0.10 
0.11 
0.17 
0.07 
0.08 
0.09 
0.09 

(1) 

The average stress addition rates were computed by dividing 
the adfreeze strength by the test duration. 

These test results are also shown in Figure 2 with adfreeze 
strength plotted against the ice temperature at the time of the 

tests. Shown in Figure 3 are the measured adfreeze strengths 
plotted against the square root of the brine fraction (brine 
volume) within the ice at the time of the tests. 

These data are also shown in Figures 4, 5, 6 and 7. Figure 4 

contains data from the tests conducted over a temperature range 
of 0°C to -Id'C while Figures 5, 6 and 7 contain data from tests 

conducted at temperatures from -l0°C to -20°C, -20°C to -35°C, 
and -35°C to -52°C, respectively. 

V =Fraction of brine volume in ppt 
S =salt content in ppt 
T =ice temperature in °C 
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DISCUSSION OF EXPERIMENTAL RESULTS The brine fraction within the ice was predicted using Equa

tion 1. Note that the fraction of brine within the ice increases 
As shown in Table 1 and Figures 4 through 7, two factors, 

with salt content and with increasing temperatures. It would be 
the ice temperature and the brine fraction within the ice, appear 

predicted that as the fraction of brine within the ice increases, 
to be important in determining the adfreeze strength that can be 

the adfreeze strength would decrease. This is confmned in 
developed between ice and a steel surface. 

Figures 4, 5, 6 and 7, where each figure presents data from a 
The effect of the temperature of the ice is evident from Table 

fairly narrow temperature range but with varying brine frac
1. Note that for ice with a zero salt content the maximum 

tions. For a given temperature range, the adfreeze stress 
adfreeze strength rises from 0.28 MPa at -1°C to 1.63 MPa at 

decreases markedly as the brine fraction increases. 
-46°C. Foster (1986) has shown that this adfreeze strength is a 

To compare the data shown on Figures 4, 5, 6 and 7, ex
linear function of temperature. One would expect this behavior 

ponential curves were fitted to these data. The curves were 
to also be representative of the pure ice portion of saline ice. 

forced to converge at an arbitrary point where the adfreeze 
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stress equals 0.13 MPa and the square root of the brine volume 

in parts per thousand equals 16. This arbitrary point was sug

gested by the data shown in Figures 4 and 5. These generated 

curves are shown individually in Figures 4, 5, 6 and 7 and 

together in Figure 8. The curves illustrate the effect of both 

temperature and the brine fraction on the adfreeze strength that 

can be generated between ice and a steel surface. 

Average rates of stress buildup during these tests ranged 

from approximately 0.06 MPa per second for the lower shear 

strength tests to approximately 0.18 MPa per second for higher 

shear strength tests. In that the strain between the steel tube and 

ice was not measured during the tests, the computation of 

precise strain rates was not possible. 

CONCLUDING REMARKS 

The data and curves presented in this paper show the 

adfreeze strength that can be expected between fresh or saline 

ice and an unpainted tarnished steel surface. These data were 

obtained from short-term tests in which the ice-steel bond was 

loaded and failure occurred within two to eleven seconds after 

the load was applied. 

The test results confirm, as shown in Figure 8, that the 

adfreeze strength between ice and unpainted steel increases 

with decreasing ice temperature and with a decrease in the brine 
content of the subject ice. In that the brine content increases 

with increasing salt content for a given temperature, one can 

also conclude that increases in the salt content would decrease 

the adfreeze strength of ice at a given temperature. 

These data should be useful in the design of structures where 

ice may be bonded to a steel surface and where failure of the 

ice-steel interface occurs over a short time period. 

Future work should be directed toward the expansion of the 

scope of these data presented in this paper. It is anticipated that 

the adfreeze strengths for longer duration loads will be 

measured. Methods of reducing adfreeze strengths through sur

face modifications will also be studied. 
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TRANSFORMING AMERICAN INDUSTRY 

by 

H. A. Scott 

This article is an excerpt from a speech given by Professor Scott at a seminar 
held December 1,1988 entitled "Quality Pays." 

I want to review a new style of managing known as Quality 

Management ( QM). Interest in it has been renewed after a lull of 

some 30 years by domestic manufacturers. 

The new system is an outgrowth of the hostilities in the 

Pacific during World War II and the subsequent occupation of 

Japan. It is a combination of statistics technology used by our 

war industries in the forties and newer management ideas 

developed since, both here and in Japan. The Japanese have in

corporated the system into their manufacturing and products on 

a broad scale. American industry, enjoying high demand in the 

marketplace, had been slower to accept the system on a 

widespread basis until the mid-seventies. Consequently, com

pany and product names strange to U.S. shelves and showrooms 

have become household words. 

Perhaps you remember the first Nikon or Canon camera you 

examined. Or the first Sony tape recorder, or the first Honda 

automobile. They were attractively and economically designed, 

well packaged to avoid damage in handling and priced well in 

line with the competition. And I suspect some of you may still 

be using these products after a quarter of a century of service! 

Those early products worked well enough and long enough 

to convince most of us to purchase new offerings-Hitachi 

Televisions, Sony VCRs and camcorders. And how far can you 

drive without seeing a Honda or a Toyota on our highways? 

This massive trade invasion is the result of the application of 

methods, originally learned by the Japanese from Dr. W. Ed

wards Deming and Dr. J. W. Juran, shrewdly applied in new 

Japanese factories. The Japanese added a few features of their 

own and called the system (/Total Quality Management." That 

title covers novel statistical techniques and a new management 

art which were combined to change the whole production 

process and system for transacting business. 

We on the east side of the Pacific were impressed that the 

Japanese were able to restore their manufacturing capacity so 

successfully so soon. This clever, efficient nation had risen 

from the humiliation and ashes of defeat to challenge the tradi

tional world with new products that were all but irresistible. 

Re-entering the peaceful world in 1948, Japan still lacked the 

space and resources it had sought by fighting and losing a war. 

People needed to be fed, and quickly. Without sufficient arable 

land and lacking fossil resources of iron and other ores, oil and 

coal, the nation faced famine. 

A country-wide search for answers resulted in the realization 

that their most abundant resource-human labor-must be util

ized and managed to provide the needed commodities. Labor 

had to be used at the highest level of effectiveness to add the 

needed value margin to products that would become the basis of 

a prosperous nation. That meant only the highest quality, most 

desired products in world markets must be produced and ex

ported. 

The new industries and the new management system were 

combined with a carefully retrained work force to accomplish 

the production, quality and marketing miracle of the 20th cen

tury. 

The reaction in this country has been one of resignation and 

envy. Remarks such as, "The difference in cultures is what has 

given the Japanese their boost." "They .muilit to be able to com

pete with their low wages," have been heard and "It's the 

patience of the oriental that produces high quality so easily," or 

"Their markets are closed to U.S. products." 

This year, Armand Feigenbaum, one of the American Gurus 

of Quality Control, named the above excuses "Nippon

neurosis." Nipponneurosis is a type of psychosis we've con

tracted to comfort our complacency. We need to salve our 

consciences as we cope with the fact that we prefer many 

Japanese consumer products over American goods. All the 

while we must accept the effect that our purchasing them in 

quantity has on our own national economy. "They" do it better 

than we because of something called "culture." So Feigenbaum 

pronounced a lusty "FALSE" upon our national hype. 

Japanese markets are not closed to American exports. We are 

sending Schick blades (70% of the Japanese market), beef, fruit, 

com, coal and forest products to Japan. Actually, Japan is 

second only to Canada as our best export customer, and not only 

in bulk raw material purchases-half the disposable diapers 

sold in Japan are from Proctor and Gamble! We are becoming 

what we should be-trading partners. 

Japanese wages increased as skills increased because the 

same people who made high quality consumer goods had a 

strong desire to use their own products. Recently, the average 

Japanese hourly wage was $10.50 compared to $11.50 in the 
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U.S. The advance of the yen in the last few weeks has probably 

brought these numbers even closer together. 

The truth is that the Japanese earned their advantages with 

the help of Americans. Quality management is as American as 

apple pie, at least in its origins. It is the outgrowth ofearly work 

at Bell Laboratories by men named Deming, Juran and 

Shewhart who developed highly precise statistical methods to 

measure and control the manufacturing processes used to 

produce telephone switching equipment; equipment that needed 

precision and reliability sufficient to support the nationwide 

telephone communications networks of World War ll. 

The new scientific methods of management were adopted by 

many war production industries to produce highly precise fire 

control for weapons devices and bomb sights, as well as the 

myriad of hardware parts that controlled the guns, planes, tanks 
and other hardware needed under crisis-manufacturing condi

tions. 

The Japanese summoned Dr. W. Edward Deming, a leader in 

the U.S. quality movement, to Japan to guide planning for the 

new system. Moving from quality manufacture to Total Quality 

Management was a long step. 

Dr. Deming was a brusque, no-nonsense lecturer; his 

Japanese students were eager, curious learners. Dr. Deming's 

message-though loud and clear-tended to be too theoretical 

and too heavy in the use of statistics to transfer easily to the fac

tory. Dr. J. W. Juran was invited to help design and implement 

the actual factory floor manufacturing system. Juran's system 

was adapted to the needs of the Japanese management systems 

that emphasized participative management and "quality circles" 

for the workers. 

Ofcourse, no one "owns" quality. Quality management prin

ciples originated in the U.S. from practical applications of 

statistics. Thus, because of their unique needs, Japanese com

panies have adapted the technology very successfully to their 

manufacturing operations and made significant contributions to 

the technology. But they are not owners. In fact, the technology 

must be adapted to the needs of the organization using it by the 

people in the organization. None of the technology is 

proprietary, it is shared widely by various practitioners of the 

art. American and Japanese companies send representatives to 

each others' plants to learn new developments in quality 

management. 

Only 10% to 15% of Japanese workers work in quality 

circles. They work mainly in chosen industries-those in the 

exporting group. 

While the American economy as a whole was losing ground 

to Japanese products, several companies were showing we 

could still produce quality products. Nissan builds automobiles 

in Tennessee with results equal to or better than their com

parable Datsun plants in Japan. Workers in Tennessee perform 

within the system as well or better than their Japanese counter

parts. 
TEKTRONIX is making circuit boards in Forest Grove, 

Oregon that exceed the quality and productivity ofany available 

off-shore. The Japanese continue to use significant quantities of 

Kodak film. 

When American interest in quality grew during the 1970s, 

many people were reluctant to consider quality management be
cause of the deeply entrenched idea that "quality costs." This is 

known as the ''Tiffany Complex;" a very old idea that if you pay 

more for a product it is better than other competing products. 

Anything purchased at Tiffany's in New York always cost more 

so it had to be "better." This is also known as the "Cadillac com

plex" or, among the yuppies, the "Porsche complex." 

Quality does not cost. Quality pays 

o 	 the manufacturer, who can eliminate waste and 
reduce inspection at the same time, thereby 
increasing productivity; 

o 	 the customer, who benefits by a better product, 
more reliable and better suited to his or her needs; 
and 

o 	 the U.S. economy by greater productivity through 
the more economical use of raw materials and 
energy. 

In 1980 NBC produced a documentary with Dr. W. Edwards 

Deming, titled "IfJapan Can; Why Can't We?" The show chal

lenged Americans to stop exporting jobs and regain the lead in 

quality in world markets. Within the two weeks following the 

broadcast, Deming, who had just turned 80, received more than 

twenty phone calls from industry leaders. Since 1980, several 

hundred enterprises have adopted an American version of total 

quality management as taught by Dr. Deming and Dr. J. W. 

Juran. 

Our American culture has adapted very well to the "new" 

ideas. As Dr. Deming teaches, "the fault is IWt with the worker; 

the fault is with the managers." Though often swallowing hard, 

managements have successfully learned new ways to manage. 

Japanese companies proved that the teachings of Juran, 

Deming, and later, Dr. Myron Tribus of MIT, worked well. We 

in the U.S. have joined Japanese industrialists who have imple-
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mented total quality management and sing its praises, as well as 

teach olhers wilh the zeal of evangelists. Many who have used 

the new systems and methods of management spend much time 

sharing the "good news." 

American managers have discovered a new school of worker 

in our enterprises. Contrary to Dr. Fredrick W. Taylor, the 

father of scientific management, the current American worker 

is: 

• intelligent, 
• willing, 
• inventive, 
• problem solving, and 
• resourceful. 

Taylor's science was proposed for workers who were: 

• unwilling, 
• slothful, 
• plotting to avoid work, and 
• generally ignorant. 

Taylor taught that job timing, quotas, inspectors and pushy 

foremen were needed to get indolent workers to get the job 

done. But Taylor's ideas have been outrun by the quality ofour 

workers. Twentieth-century American parents, schools and 

communities have produced a much more capable and respon

sible individual to work in our organizations. Our equipment is 

more complex and our systems more extensive. We need to 

deploy new workers fully and allow them to unleash their 

capabilities. 

Our new leaders of enterprise must be prepared for the cul

tural changes we need. Team work is essential. The team is the 

total work force of the business working together to please the 

customer. Not such a new idea, but one we need to study and 

learn to live with. We cannot survive with divisive attitudes in 

our enterprises and offices. We must devise systems that cause 

.all elements to cooperate. All divisive influences must be 

reoriented. Line and staff, worker and management, secretary 

and salesperson have the same purpose and the same goals, 

namely, to serve the customer-so well that repeat business is 

assured. This has been accomplished dramatically by pioneer 

enterprises practicing total quality management in our 

economy. 

In banks, hospitals, police stations, charity foundations, 

hotels, schools, retail stores, repair shops, city halls and nursing 

homes, customers are finding a much more pleasing experience. 

You can pick out the places where quality management is prac

ticed. They are professional; they are prosperous; most often 

neat and well kept. And they are friendly. The difference is so 

apparent the competition feels it with a shiver of dismay. 

Two communities-Madison, Wisconsin, a university town, 

and Kingsport, Tennessee, an industrial town-have pioneered 

community-wide quality management for three years. Busi

nesses across the spectrum of activity in those communities 

have gained both volume and earnings; eleemosynary organiza

tions have increased service satisfaction to their customers and 

gained effectiveness in use of their contributed dollars. City 

police and frremen who were suffering labor grievances now 

function in a highly professional manner without resorting to 

third party ombudsmanship to resolve their differences. 

In 1984, after many industries across the country had suc

cessfully introduced quality management, a new application 

pattern emerged. Success was not limited to large organizations 

but organizations of all sizes, with widely varied functions and 

missions, were racking up renewed business vigor and earnings. 

All that was needed was (1) active support of top manage

ment; 2) willingness to change culture; and (3) committment to 

training and education. 

The rapid progress of total quality management across the 

U.S. led to interest in joint local efforts to implement it in 

several businesses in one community. 

The frrst quality council in the U.S. was the Growth Oppor

tunity Alliance in Lawrence, Massachusetts (GOAL). In 1980, 

the mayor of Lawrence, frustrated by the seemingly unsolvable 

problems of industry in the Northeast and plagued by increased 

needs and diminishing tax revenues, telephoned the mayor of 

Johnson City, 1N. There, a local labor-management council 

started by Mayor Stan Lundine had become an effective or

ganization for increasing communication and reducing 

problems among city, labor, and management groups. Bob 

King, director of the Labor-Management Council, was one of 

the people who had called Dr. Deming after the NBC documen

tary played and suggested that Dr. Deming assist in the forma

tion of what became an American Community Quality Council. 

With Dr. Deming's help, Bob King became an early director of 

GOAL which now provides advice and assistance to others 

wishing to set up quality councils. The move into community

wide councils has also been spurred by local branches of major 

industries seeking local, quality-managed suppliers who could 

be relied upon to produce parts and supplies consistently and 

economical!y. 

The Naval Air Repair Facility in San Diego began a Deming 

Users Group there, and there is a Philadelphia Area Council on 

Excellence (PACE). The Spartanburg, S.C. and the Min

neapolis, Minnesota Chambers sponsored early Quality and 
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Productivity Councils. 
The term "productivity" creeps in about this point The early 

councils discovered that not only did improved quality increase 
demand for goods and services, but better quality eliminated re
work and reject material, increasing productivity of both labor 
and capital! 

In Jackson, Michigan, when the automobile recession of the 

early eighties wrought havoc with the local economy, leaders 
appealed to the Jackson Community College for assistance. 
Working with quality professionals at Ford, Pontiac and the 
Nashua Company, the Jackson Community College set up cour
ses, manuals and video tapes to train company trainers. With 
Dr. Deming's active help and Dr. Juran's advice, the project 
was adopted by the American Association of Community and 
Junior Colleges. This new discipline is called "The Transforma
tion of American Industry." 

The AAC & JC was joined by the American Society for 
Quality Control and later by the National Society of Profes
sional Engineers. 

The NSPE has joined with MIT's Center for Advanced En
gineering Study to go public with the MIT group's American 
Quality and Productivity Institutes. The Institute is now operat
ing on small grants from NSPE and others, from offices near 
NSPE in Alexandria, VA. Dr. Myron Tribus, former director of 
the Advanced Engineering Studies group, has guided the forma
tion of and the trek to independence of the AQPI. AQPI is work
ing with more than 100 communities desiring to establish local 
quality councils. 

Can this apply to Alaska? To Fairbanks? Fairbanks appears 
to be a favorable city to consider quality management on a com
munity scale. Many of the cities starting community councils 
did so because of local economic problems. We have the 
University of Alaska. We are struggling to establish and main
tain a viable industrial base. We have available raw materials, 
yet most consumer products are brought in at high transporta
tion costs. Light industry should flourish and provide a 
reasonable job base if it added sufficient value to manufacture. 
In many ways our situation is similar to that of the Japanese in 
1950. Perhaps this is a good time to give serious consideration 
to a community quality council. 

We at the University of Alaska are teaching quality manage
ment as part of selected Engineering and Science Management 
courses. Students are advanced degree candidates, some of 
whom may be eligible for graduation by June 1989. 

At the University of Alaska's School of Career and Continu
ing Education, Mr. Kurt Torgesen is reviewing "The Transfor

mation of American Industry" courses to determine how those 
materials could fit into the engineering technology training 
there. A community quality council appears to be feasible here. 

Now, I'd like to quickly review the purposes of the Com
munity Quality Council and give some of the high points of how 
quality management has worked in many organizations. 

PURPOSES OF QUALITY COUNCILS 

1. Promote Quality Management in every enterprise. 
Every entrepreneur should have the opportunity to choose Total 
Quality Management principles. 

Many regional and national 
companies have installed Total 
Quality Management systems em
phasizing customer satisfaction 
and continuous improvement by 
every employee. 

2. Promote Quality Management Principles throughout 
the community. This should be done on a broad scale to assure 
the opportunity for every enterprise to join early. 

3. Provide opportunities for training and education 

Everyone from owner to worker 
needs to understand the five simple 
statistical techniques and how to fit 
them into solving problems. 

4. Provide a basis for exchange of information between 
companies and with other communities. 

Periodic meetings featuring 
progress or solutions to problems 
are helpful to all. Comparing notes 
can speed another's progress. 

Training costs can be pared by scheduling properly sized 
classes. 

Every management group in the community needs to know 
this is going on and that participation is open to all. Only those 
fully committed to change and enthusiastic toward the pos
sibilities should be in the frrst wave. 

The council should set up ways to measure the credentials 
needed by those in the pioneer group to assure their full com-
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mitment. Willingness to develop, install, and operate by a new 
organization culture is a requisite. 

Once the primary group is under way, the group and its spon

sors must set up effective communication with the community 

at large. 

Work flows in a system. Each task supports the next step. 

The next is the customer-it requires high and uniform quality 
input. 

Management participation-! can not emphasize too strong

1 y the need for ardent, proactive support of the new direction in 

management. At the start you can tell the workers, the 
operators, and the journeymen what you are doing but they like
ly won't believe you. We must join the people iQ the units and 

show our own commitment. Begin changing culture early with 
visible and desired changes. 

When Dr. Deming works with a management he begins the 
first of his four-eight hour lectures a bit gruffly with something 

like--"1 appreciate you inviting me; the $2500 per day you pay 

me may help you to listen more closely. But you're not paying 
me to tell you what a good job you're doing, because you aren't 
doing a good job of managing. If you were, you wouldn't need 

~- The problem is !!Ql with the worker; the problem is with 

management." 

Deming, who is 88 this year,lectures eight hours a day and 
then spends time in the work area talking to people at all hours. 

The information he learns is reviewed at lunch with selected 
managers. After these sessions, very few managers question Dr. 

Deming's definition of "the problem." Even fewer are those 
who fail to respect, or even learn to love, the crusty old profes

sor. He inspires action, which occurs with a participation most 

managers never knew existed. 

First, the managers train voluntarily. Then supervisors and 

workers are trained-often by managers-but always by the 
manager introducing the course. The workers and the manager 

often end up on a first name basis by the end of the course. 

Too often, management's interest in quality management is 

spawned as a last ditch effort to stave off economic failure. 

Managers, like a lot of engineers, believe, "If it ain't broke, 
don't fix it." Quality Management teaches Continuous Im
provement! 

Eliminating the need for inspection and analysis of incoming 

material will free analysts and inspectors .arul allow just -in-time 

delivery-no inventory manufacturing! Savings in labor and in 

working capital will show on the balance sheet. 

Mr. Colby Chandler, Chairman and Chief Executive Officer 

of Eastman Kodak Company, who served as National Chairman 

of Quality Month '88 celebrated this October, challenged the 

vision of the quality groups across the country in his keynote 
address when he reminded them that as a result of Continuous 

Improvement, those who have worked for customer satisfaction 

must now reach for customer delight! 

Consumers, as always, will seek their own satisfactory sour

ces for service, reliability and value by patronizing the estab

lishment that strives for consumer deli2ht! 

PRINCIPLES OF QUALITY MANAGEMENT 

1. Quality is never the problem, it is the solution to the 

problem. Questions such as: How would I know if this task 
were done with high quality? and What would it take to do a 
quality job? should put you on the track to quality. Talk to cus

tomers-you may learn more than you expect. 

2. Organized human effort takes place in a system. 

When there is a problem, 85% of the time the problem is the 
system, 15% of the time it is with a worker. 

3. The essence of quality management is the ability to 
treat problems of systems and people simultaneously. 

4. All systems exhibit variability. Managing for quality 

requires the ability to tell signals from noise. Quality 

management techniques permit intelligent decisions to be 

made. 

Statistics is the language of continuous improvement. 

5. The Manager's job has changed! The people work in 
the system, the manager's job is to work .QD. the system to 
improve it with the people's help. 

6. Quality does not cost, high quality pays. It produces 

happy customers, happy workers, better suppliers, stronger 

competitive posture and more profit. 

Learn the difference between quality and features. 
Simplicity is higher quality than complexity. 

7. Successful enterprises are customer driven. ''The Cus

tomer" involves more than the recipient of the final product. 

Everyone serves a "Customer." The next one in line is your 

customer. 
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BACK OF THE BOOK 


• CONFERENCES 

January 23-25, 1989-The American 
Society of Mechanical Engineers (ASME) An
nual Offshore and Arctic Operations Sym
posium will be held in conjunction with the 
12th Energy-Sources Technology Conference 
& Exhibition at the Adam's Mark Hotel, 
Houston, TX. The symposium is expected to 
feature 12 half-day sessions on a range ofoff
shore and arctic subjects. An exhibition of 
products and services for the energy-sources 
industries, including the offshore and arctic 
operations area, is also planned. For an Ad
vance Program listing presentations in greater 
detail contact ASME Petroleum Division, 
12773 N. Central Expressway, Suite 1314, 
Dallas, TX 75243 or phone (214) 437-0094. 

January 24-26, 1989-The 1989 Annual 
Reliability and Maintainability Symposium 
will be held at the Westin Peachtree Plaza 
Hotel in Atlanta, GA. It is sponsored by nine 
prominent engineering societies and will fea
ture technical program sessions examining a 
myriad of topics from ''New Hardware Model
ing Concepts" to "Software Reliability, Main
tainability, and Safety." There will also be 
special panel discussions, featured speakers, 
numerous special exhibits on key technical 
areas, and much more. For more information 
contactR .G. Schueppert, Jr., Beckman Instru
ments, Inc., MS:B-14-D, 2500 N. Harbor 
Blvd., Fullerton, CA 92634 phone (7I4) 773
8831; international registrants should contact 
JL. Rodriguez, Ocean Systems Corporation, 
15825 Roxford Street, Sylmar, CA 91342, 
USA,phone(818)367-0IJJ. 

February 6-10, 1989-"Merging Tech
nologies," 24th Annual Alaska Surveying and 
Mapping Conference; sponsored jointly by 
the American Congress on Surveying and 
Mapping-Alaska Section, The American 

Society for Photogrammetry and Remote 
Sensing-Alaska Region, and the Alaska 
Society of Professional Land Surveyors; at 
the Captain Cook Hotel, Anchorage, AK. For 
more information, contact Kent N. Swanjord 

(907) 271-4159 or write P. 0. Box 103294, 
Anchorage, AK 99510-3294. 

February 21-23, 1989-Pipeline Pigging 
Technology Conference in Houston, TX at 
the Westin Galleria Hotel. Lloyd Ulrich, head 
of the Technical Division of the Transporta
tion Department's Office of Pipeline Safety 
will discuss U.S. policy in view of recent and 
pending legislation governing pipeline inspec
tion, maintenance, and personnel training. In 
addition, 12 other invited speakers will give 
detailed technical presentations on intelligent 
pigs, on-line inspection, specialty pigs, non
destructive testing, offshore pigging, design 
for pigging operations, tracking and simula
tion, foam pigs, cleaning and drying, and 

geometry pigging. The conference will give 
managers and engineers a clearer picture of 
what federal policy will be and how it will be 
implemented, and the technology that will be 
required. To register, contact GulfPublishing 
Company, P.O. Box 2608, Houston TX 
77252-2608, USA, AITNLiz McQuinn. 
Telephone (713) 520-4444. 

March 2-4, 1989-The Energy Efficient 
Builders Association (EEBA) will hold the 
Seventh Annual International Energy Effi
cient Building Conference and Exposition in 
Winnipeg, Manitoba, Canada. The title of this 
year's event is "Excellence in Housing '89." 
Experts will address topics such as building 
techniques, marketing strategies, ventilation 
systems, radon mitigation techniques, and 
housing for northern and remote com
munities. For further information contact 
EEBA Headquarters, Technology Center, 
University ofSouthern Maine, 37 College 
Avenue, Gorham, Maine, USA 94938 (207) 
780-5143 or 780-5449; in Canada, Manitoba 
Energy and Mines, TomAkerstream,555-330 
GrahamAvenue, Winnipeg, Manitoba, 
Canada R3C 4E3 (204) 945-2149. 

Aprll 11-14, 1989-Thelnternational 
Conference on Municipal Waste Combustion 
will be held at the Diplomat Hotel in Hol
lywood, Florida. This technology transfer con

ference, which is being jointly organized by 
Environment Canada and the U.S. Environ
mental Protection Agency, will address topics 
related to municipal waste incineration, high
lighting the results of the National Incinerator 
Testing and Evaluation Program. Sessions 
themes include: Ash residue management, air 
pollution control technologies, sampling and 
analysis, health risk assessment, regulatory 
trends and combustion technologies. For 
more information, contact Mr. Jack Greene, 
U.S. EnviroTUnental Protection Agency, Air 
and Energy Engineering Research 
Laboratory, MD-49, Research Triangle Park, 
North Carolina 277II phone (9I9) 54I
2905; in Canada, Ms. Stephanie Hunt, Semi
nar Coordinator, Technology Development 
and Technical Services Branch, EnviroTUnent 
Canada, Hull, Quebec KIA OH3,phone 
(8I9) 953-5363 . 

May 16-18, 1989-An international con
ference on Dangerous Goods-Emergency 
Response '89 will be held in Halifax, Nova 
Scotia, Canada. This world conference will 
provide opportunities to share information 
and gain insights into new methods and tech
nological advances for effective response to 
transportation emergencies involving 
dangerous goods. Presentations will be made 
by experts from around the world who will ex
plain how emergency response can be im
pro\'oo. The presentations will be practical 
and will refer to actual examples where the 
equipment or techniques discussed have been 
successfully used. The practical emphasis will 
appeal to f1re and police departments, emer
gency measures and environmental agencies, 
various levels of government and industries 
shipping, transporting, storing, handling or 
using dangerous goods. The conference will 
also be very useful and informative for those 
involved in emergency medical, health and so
cial care, concerned citizens, and those work
ing in research, theoretical studies and policy 
development in dangerous goods or emergen
cy response. Further information may be ob
tained from Graham Creedy, The Canadian 
Chemical Producer's Associlltion, Suite 805, 
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350 Sparks Street, Ottawa, Ontario, Canada 
KJR 7S8,phone (613) 237-6215. 

********** 
August 29-31, 1989-The Division of 

Mechanical Engineering, National Research 

Council of Canada and the U.S. Water Jet 
Technology Association are pleased to an
nounce that the 5th American (formerly U.S.) 

Water Jet Conference will be held in Toronto, 

Ontario, Canada. The purpose of the con
ference is to provide an opportunity for the 

specialist and the novice alike to meet, 

review, and discuss and exchange ideas on all 

aspects of the technology. Address inquiries 
to Mrs. H. Lacoste, Conference Coordinator, 
Conference Services, National Research 
Council ofCanada, Ottawa, Ontario, Canada 
KIA OR6 phone (613) 993-9009. 

********** 
March 20-23, 1990-The Fourth Interna

tional Ice Tech Symposium on ships and 

marine systems in cold regions, sponsored by 
the Society of Naval Architects and Marine 

Engineers in Calgary, Alberta, Canada. 
CALL FOR PAPERS: Submit 400-500 word 

abstract by February 28, 1989. Submit papers 
to J. Wainwright, c/o Arctic Transportation, 
Ltd., Suite 800, Eau Claire 2, Calgary, Alber
ta, Canada T2P 3T3. 

********** 
May 20-24, 1990-The Fourth U.S. Na

tional Conference on Earthquake Engineering 

will be held in Palm Springs, California and 

will address recent advances in earthquake en
gineering and earthquake preparedness; to 

respond to the needs of the future by provid
ing a safer seismic environment. The techni
cal program will consist of Keynote l..cctures, 
Technical Sessions, Poster Sessions and spe
cial Theme Sessions. CALL FOR PAPERS: 
Abstracts due May 15, 1989; final papers due 
November 30, 1989. For additional informa
tion, contact Dee Czaja, CVOJ, Department of 
Civil Engineering, University ofCalifornia Ir
vine,Irvine,CA 92717 phone(714)856
8693. 

********** 
July 29-August 3, 1990-Sthlnternation

al Conference on Indoor Air Quality and 
Climate, INDOOR AIR '90; Toronto, 

Canada. INDOOR AIR '90 is a major interna

tional conference in this rapidly emerging 

public and occupational health, environmen

tal, engineering and architectural field. Its ob

jective is to foster scientific publication and 

discussion amongst all the involved dis
ciplines and the largest possible number of 
scientists and policy makers from around the 

world. For more information and to receive 

the Second Announcement/Call for Abstracts, 
write INDOOR AIR '90, Centre for Indoor 
Air Quality Research, University ofToronto, 
223 College Street, Toronto, Ontario, 
Canada M5T JR4. 

·NOTED 

Secretary of the Interior Don Hodel has an

nounced the selection of Vemon R. Wiggins 

as Deputy Under Secretary for Alaska. Wig
gins was nominated by President Reagan in 

1981 to be Federal Cochairman of the Alaska 
Land Use Council and has served in that posi
tion since his Senate confirmation that year. 
The Council coordinates land use matters be
tween the federal and state governments and 

makes recommendations on policy issues. In 
his new position, Wiggins will be dealing 

with a number of important initiatives includ
ing the Arctic National Wildlife Refuge, land 
exchange proposals, proposals for new wi I• kr
ness areas, and state and native land selec

tions under the Alaska Statehood Act and the 
Alaska Native Claims Settlement Act. 

********** 
The Porcupine caribou herd will soon be 

afforded additional attention with the first 
step in implementation of an international 

agreement between the United States and 

Canada. The agreement calls for the estab
lishment of an advisory board consisting of 
four representatives from each country. U.S. 
members of the International Porcupine 
Caribou board were announced August 26, 
1988 by Interior Secretary Don Hodel. They 
are: John P. Rogers, Ph.D., assistant regional 
director for the U.S. Fish and Wildlife Service 
in Anchorage, representing the Department of 
the Interior and named chairman of the U.S. 
section of the board; W. Lewis Pamplin, Jr., 

director of the Alaska Division of G arne, rep
resenting the Alaska Department of Fish and 
Game; Nolan Solomon, of Kaktovik, Alaska, 
representing the Alaska native user com

munity; and George N. Ahmaogak, Sr., of 

Barrow, Alaska, Mayor of the North Slope 

Borough, representing the Arctic community. 
The alternate, representing the Alaska conser

vation community, is David Roseneau of 

LGL Research Associates, Inc., a biological 
consulting firm in Fairbanks. The board will 

make recommendations on management of 

the herd using information provided by both 
countries and will form the focal point for 
coordination between Canada and the United 

States relative to the caribou herd. The Por
cupine caribou herd received its name from 

the Porcupine River, a Canadian river within 
the herd's range which encompasses over 

96,000 square miles ofnortheast Alaska and 

northwest Canada. 

********** 
The world's only Boy Scout Horse Caval

ry Troop rode out of a remote campsite of the 
Arctic National Wildlife refuge last August, 
ending its first expedition with mission ac

complished: They cleaned it up. Their objec

tive was to attack and bum or remove more 
than two tons of debris that littered Elusive 

Lake on the north slope of the Brooks Range. 

In the 1960s and 1970s, the area was used ex

tensively by a guiding business, which left be
hind a variety of refuse, including fuel 
containers, junked vehicles and collapsed 
shacks. Eleven explorer scouts, aged 14-16, 

participated in the 12-day expedition under 
the supervision of four adults and project 
coordinator Phil Garrett. Two tons ofjunk 

were compacted and flown from the lake to 

the Dalton highway, where it was trucked to a 
Fairbanks landfill for disposal. The scouts 

burned the wood remnants of four shacks and 

other miscellaneous debris on site. They also 

refurbished a Service administrative cabin 
which will be available for emergency use by 
the public. 

· PUBLICATIONS 

Gulf Publishing Company has four new 
books available for engineers, managers and 
students: 

fundamemals of Diplog® Analysis: July 
1988. 216 pages, $45. This is the most com
plete text available on the topic of dip inter
pretation, presenting up-to-date, accurate 
information on computed dip measurement, a 
powerful geological tool for petroleum ex

ploration. The text includes precise applica

tion guidelines for quality control, 
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knowledgeable input to the computer and spe
cial interpretive skills for integrating dip 
results with other wireline measmements, seis
mic measmements, MWD, and core and well 
cuttings analysis. 

Process Desiw for Reliable Qperations 
2nd..Ed.: August 1988.254 pages, $35. This 
text focuses on revamp technology, exploring 
a wide range of retrofit projects and explain
ing why they went awry. The book uses en
lightening anecdotes and illustrations that 
produce solutions to actual design and plant 
problems. It also examines ways to avoid 
poor process designs caused by over-reliance 
on computer design technology. 

Ap;pljed PrQject En~:ineerin~: and Mana~:e
IDeill. 2nd..Ed: July 1988.390 pages, $49.95. 
This book gives the practicing engineer a 
thorough working knowledge of project 
management from the early stages of plan
ning to startup of operations. It is packed with 
practical examples and charts that clearly 
show how to effectively manage the critical 
aspects ofjust about any large, complex 

project. Contents include: Total project 
management, project planning, site selection, 
economics and project evaluation, capital cost 
estimating, engineering and construction, and 
project transition. 

Structural En~:ineerin~: and Applied 
Mechanics Data Handbook. Volume 1: 
:lkm:m: August 1988. 290 pages, $55. This 
first volume begins with general principles 
about beams, followed by tables and graphs 
for calculation of moments, shears, reactions, 
slopes, and deflections. Engineers involved 
with construction, mining, transportation, 
machinery, and highway and marine struc
tures will fmd this compact volume invalu
able in solving everyday problems. 

For further information or to order any of 
these publications, contact: GulfPublishing 
Company, Book Division, Dept. V9, P. 0. Box 
2608, Houston, TX 77252-2608, telephone 
(713)520-4444. 

Cutter Information Corporation has just 
published a new special report entitled Foam 
Core Panels & Building Systems: Principles 
and Practice Plus Product Directory. This 
130 page practical, hands-on report is written 
for builders, contractors, educators, govern

ment and utility program managers and 
anyone needing information on this technol
ogy. To order, or for more information, con
tact Kim Gay at Cutter Information Corp., 
1100 Massachusetts Avenue, Arlington, MA 
02174, USA. Telephone (617) 648-8700. 

Indoor Air Duality Update is the first 
hands-on publication designed to give readers 
practical solutions to indoor air quality 
problems. Monthly issues provide a con
tinuous update on the latest and best tool and 
techniques available, as well as insight into 
the key issues and developments in the field 
worldwide. For more information, contact 
HalLevin(408)425-3846 or Cutter Informa
tion Corp., (617) 648-8700. 
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