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57 ABSTRACT 
The heat transfer between a tube and a fluid therein is 
to be enhanced by providing a tube with helical corru 
gation having axial crest-to-crest spacing T, crest-to 
valley height t, inner diameter d and pitch angle of the 
helix 6. These parameters are selected as follows: t?5 
from 0.01 to 0.5, preferably between 0.1 and 0.2; Tld 
from 0.01 to 1.0, preferably between 0.03 and 0.3 and 
helix angle 8 from 5 to 20. 

6 Claims, 7 Drawing Figures 
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CONDUCTION OF HEAT EXCHANGE FLUIDS 

BACKGROUND OF THE INVENTION 

The present invention relates to the conduction of 
fluid through flexible tubes, particularly for purposes of 
heat exchange. More particularly, the invention relates 
to improvements involving particulars of helical corru 
gation for such tubes, with regard to flow characteris 
tics in relation to the tube's wall. 
Many fields of art employ tubes which can be de 

scribed as having wall structure of a regularly repeated 
geometric contour and configuration pattern. Depend 
ing on various factors, including particulars of the pat 
tern, such tubes can be stiff or flexible. However, the 
tube will be quite flexible where its corrugation crests 
and valleys loop around the axis and the wall of the 
tube is not too thick. Tubing with corrugation that 
loops around the axis along the periphery of the tube, 
is quite flexible and can be reeled on drums. In fact, the 
tubing can be installed just like a cable. Such tubes are 
used as conduit for fluids, either for transporting fluid 
as such or for using the fluid medium as carrier for ther 
mal energy. Short, metal hose, as well as tubes of me 
dium length, are used particularly in case of heat ex 
change between the fluid in the tube and the environ 
ment, e.g. over the length of the tubing or at the desti 
nation point. Long corrugated tubing is used as conduit 
for fresh or waste water or as conduit for hot water or 
steam in a central heating system, or for many other 
purposes. The demand for tubing of this type has 
steadily increased in recent years. However, corrugated 
tubes have not always been found satisfactory as carrier 
for a fluid in a heat exchange device. 
A condition is posed usually in the field of heat ex 

change that the fluids undergoing heat exchange must 
not come into direct mutual contact, as they should not 
mix. Thus, tubes are used for heat transfer from one 
fluid to another one, which tubes maintain physical 
separation of the fluids but permit heat transfer over 
short distances of flow. For example, a concentric tube 
system establishes a flow path for one fluid in an inner 
tube, while the other fluid passes through the ring space 
between inner and outer tube. Heat is transferred 
through the wall of the inner tube. 
Considering the heat exchange process in some de 

tail, it involves basically three steps. (1) heat is trans 
ferred from the warmer fluid to the surface of the wall 
separating the fluids, (2) heat is conducted through the 
wall, (3) heat is transferred from the other wall surface 
to the cooler fluid. If the wall is made, for example, of 
copper or any other material having a high coefficient 
of thermal conductance, the thermal conductance 
through the wall can be disregarded in the consider 
ation of the overall heat transmission between the two 
fluids. , 

In case of a tube, having inner diameter di, outer di 
ameter do, and length L, the surface areas involved in 
the transfer are A = n : L' di for the inner surface and 
A = T L do for the outer surface. Leto; and o be 
respectively the transfer coefficients at inner and outer 
surfaces, then the following relation describes the ther 
mal transmission process. 
K A = (at A o Ao)/(oi Ai ao Ao) (1) 

wherein K is the particular coefficient of heat transmis 
sion, and A is defined by 
A = n : L (do - di)/(lognat doldi) (2) 
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2 

The fraction in the equation being the logarithmic me 
dian value for the tube's diameter. 
Equation (l) teaches that the heat transmission coef 

ficient is always smaller than the smallest heat transfer 
coefficient a of the system because the equation can be 
written so that such smallest coefficient (a, or o) ap 
pears as being multiplied by a factor that is necessarily 
smaller than unity. The heat transfer coefficients, of 
course, include the thermal properties of the materials 
involved. Moreover, the coefficients a are composite 
parameters which in each system: fluid-wall surface, 
combine all physical processes that transfer thermal en 
ergy from the fluid to the wall (or vice versa). Such 
processes include molecular conduction, convection, 
radiation and evaporation or condensation. Evapora 
tion and condensation occur only in special cases. Mo 
lecular conduction and radiation are usually deter 
mined by the physical properties of the materials in 
volved. The variable parameter in the process is con 
vection, whereby convection is to be understood gener 
ally as any flow in any of the fluids which contribute to 
heat transfer. 

In analogy to the known expedient of increasing the 
effective heat exchange surface, it is, for example, 
known to place baffles into a smooth wall tube. The 
baffles differ as to cross section. The baffles so placed 
in smooth wall tubes may even have rectangular con 
tour, or are discs or rings, or have propeller-like or heli 
cal configuration. For similar Reynold's number one 
can increase heat transfer to about the eightfold value, 
but up to a ten-thousandfold increase in pressure loss 
is suffered under such conditions. Thus, the advantage 
of a better heat transmission process is at least partially 
offset by high pressure losses requiring increased 
pumping output. 

DESCRIPTION OF THE INVENTION 

It is an object of the present invention to improve 
flow conditions in (or on) a tube so as to improve the 
heat transfer as between fluid and tube wall surface, in 
either direction and on either side of the tube. 

In accordance with the preferred embodiment of the 
invention, it is suggested to use helically corrugated 
tubing wherein the ratio of corrugation crest-to-valley 
height (radial) and corrugation crest-to-crest (axial) 
distance is from 0.01 to 0.5, preferably from 0.1 to 0.2; 
the ratio of the crest-to-valley height to smallest inner 
diameter of the tube is to be about 0.01 to 1.0 and the 
angle of the corrugation helix is to be between 5 to 
20. 
The known devices for improving convection are es 

sentially devices which induce and enhance tubulent 
flow; the more turbulent flow the higher is the heat 
transfer across the flow into the boundary surface. The 
penalty, of course, is pressure loss because turbulence 
enhances both, transfer of momentum and transfer of 
thermal energy. 
Unlike these known methods, applicant suggests to 

use a tube which imparts rotation upon the flow as a 
whole. The rotation being defined as the product of cir 
cumferential speed and circumference divided by twice 
the cross section area of the tube. Thus, rotation as de 
fined increases with increasing the product of the speed 
and the circumference and by reducing the cross sec 
tion. 
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As a viscous fluid flows through a tube with helical 
boundary channels, helical flow adjacent the boundary 
tends to impart rotation upon the cylindrical, straight 
axial center flow. Accordingly, the flow has two com 
ponents, axial and circumferential. The intensity of the 5 
latter component depends upon the configuration of 
the helical channel as it induces, ultimately, the cir 
cumferential velocity component. The intensity of the 
induction of that rotational flow will be higher for 
larger crest-to-valley height of the corrugation (chan- 10 
nel depth). The rotational flow will be lower, the larger 
is the axial spacing of corrugation crests. Thus, rota 
tional flow will be determined by the ratio of these geo 
metric values as defining the corrugation as well as by 
the relative channel depth and the pitch of the helix. 15 

DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims partic 
ularly pointing out and distinctly claiming the subject 
matter which is regarded as the invention, it is believed 20 
that the invention, the objects and features of the in 
vention and further objects, features and advantages 
thereof will be better understood from the following 
description taken in connection with the accompanying 
drawings in which: 25 
FIG. 1 is a three-dimensional velocity profile diagram 

in a tube to be produced for heat exchange enhance 
ment, 
FIGS. 2a and 2b are longitudinal and cross-sectional 

views through a corrugated tube; 30 
FIGS. 3 and 4 are diagrams for showing kinetic en 

ergy of rotational flow and axial flow plotted against 
corrugation defining tube parameters; 
FIG. 5 shows a tube to be used as fluid conduit; and 35 

FIG. 6 is a schematic section diagram through a cor 
rugation valley and adjoining crests to define contour 
of helical channel flow along a tube's wall. 
Proceeding now to the detailed description of the 

drawings, FIG. 1 illustrates the velocity profile 15 to be 
attained. The profile is plotted in three-dimensional di 
agram. The horizontal plane shown in perspective view 
is taken in a cross section through a tube, using the 
same plane to plot azimuthal velocity C, along a diam 
eter 10, including circumferential velocity component 
C*. The resulting profile curve is denoted with 11. 
The axial velocity is plotted along a vertical axis of 

the drawing, using said diameter 10 as base for each ve 
locity vector. The end points of the vectors follow a 
profile 12 for the axial component of fluid velocity. The 
character c denotes a vector on that diameter as foot 
point of the actual composite velocity resulting in a 
profile curve 15. 
This then is the velocity distribution found desirable. 

That this distribution improves, in fact, the heat trans 
fer between fluid and boundary will be justified next, 
the generation of that profile will be discussed thereaf 
ter. 
The fluid flow in a tube according to the profile 15 

causes transportation of kinetic energy and momentum 
in accordance with density and velocity. That energy 
transport can be divided into an axial component and 
an azimuthal or rotational component. The relative en 
ergy inherent in the axial component of flow and inte 
grated over the cross section of the conduit, may be 
designated Er, and the rotational component, inte 
grated analogously, may be called Erot. Fluid incre 
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4 
ments carrying this kinetic energy of flow are also the 
carrier of the thermal energy. Thus, a high energy com 
ponent for the rotational (kinetic) flow inherently en 
hances the heat transfer into the wall. Therefore, the 
fluid flows in axial direction pursuant to the regular 
axial extension of the conduit; a rotational velocity 
field is superimposed upon the axial component, circu 
lating around the circumference and imparting its ther 
mal energy to (or receiving thermal energy from) the 
wall of the tube. 
The mechanism for setting up the rotational flow of 

the type plotted in FIG. 1 is explained now with refer 
ence to FIG. 2. The FIG. shows a tube made, for exam 
ple, from thin metal strip. The strip has been folded 
longitudinally into a split tube, the joint being estab 
lished by and along the previously opposite edges of the 
strip which now abut or overlap. The joint is closed 
through longitudinal seam welding, and the resulting 
tube is provided with helical corrugation. The corruga 
tion in cross section appears as a wave-like pattern of 
alternating crests and grooves or valleys. Corrugated 
tubing is, of course, known per se, but the corrugation 
is provided under observation of specific rules so that 
the rotational component of flow is obtained by forcing 
the fluid to follow particular channels as defined by the 
corrugation grooves or valleys as seen from the interior 
of the tube. 
The (axial) crest-to-crest distance T and the (inter 

nal, radial) crest-to-valley height t define the corruga 
tion pattern. Of further relevancy is the smallest inner 
diameter d which is the diameter of a cylinder 20 that 
is tangent to all inwardly directed crests. Tind defines 
the tangent function of the helix angle 8 of the corruga 
tion. 
The largest outer diameter D of the tube, measured 

on a cylinder 21, is tangent to the outer apeces of the 
radially outwardly directed crests. If the tube's wall has 
thickness S, one can also define a cylinder that is tan 
gent to the apex of the inner valleys, that cylinder has 
diameter D-2S. 

In order to practice the invention, the parameters are 
selected as follows. For t?T to range from 0.01 to 0.5 
(preferably 0.1 to 0.2); tid to be within the range from 
0.01 to 1.0 (preferably 0.03 to 0.3); and helix angle 8 
=5° to 20°. It can readily be seen that these corrugation 
parameters define the intensity of compelling a periph 
eral portion of the fluid to flow in a helical channel, and 
viscosity causes the fluid outside of the helical channel, 
closer to the interior of the tube, to still have a rota 
tional component. The parameters determine also the 
number of loops in the flow path per axial unit length. 

FIG. 3 illustrates the relationship between corruga 
tion helix angle 8 and the ratio of the two kinetic ener 
gies Erot and Err as defined above. The solid dots are 
measured values for td = 0.0455, the circles have been 
measured for tid = 0.635. The angle 8 has to be varied 
through variation of T, and curve 30 has been calcu 
lated. 
FIG. 4 illustrates the energy ratio Erot/E plotted 

against tild for Tld = 0.3 which is between 5 and 6. As 
stated, it was found in practice that for best results tiT 
= 0.1 to 0.2 and tild = 0.03 to 0.3. This way one obtains 
best conditions for heat transfer as between fluid and 
wall, so that these parameters are deemed preferred for 
heat exchange tubing. As the channel flow includes a 
rotational component, little actual pressure loss occurs 
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as a result of this deviation from straight axial flow, be 
cause rotational flow (ideally) produces no pressure 
gradient. 
The preferred form of constructing a heat exchange 

tube is actually shown in FIG. 5. FIG. 2 has served pri 
marily for defining the relevant parameters. The 
grooves or valleys in FIG. 5 are rather shallow, fol 
lowed in each instance by a pronounced crest. The se 
lection of tube corrugation is preferably tightened addi 
tionally as follows. 
The corrugation has been described in terms of the 

parameters T, t and d. However, this does not com 
pletely described the corrugation contour as can read 
ily be seen by comparing FIGS. 2 and 5. FIG. 6 shows 
particularly a variety of curves, each outlining the cor 
rugation for the same set of parameters T, t and d, 
including even an asymmetric pattern as shown in dot 
ted lines. Not all of these contours give equally favor 
able results. It can readily be seen that, for example, 
trace a outlines a corrugation which, in fact, establishes 
a deep, narrow channel separated by crests with rather 
shallow apex as extending into the flow, so that a pre 
dominant portion of the inner surface is defined by al 
most cylindrical sections, separated by the narrow spi 
ral channel. On the other hand, trace b outlines a con 
tour of a rather wide channel separated axially by steep 
ridges (such as shown in FIG. 5). 

It was found that best results are obtained if the chan 
nel area is selected as follows. One can see that wave 
length T12 and corrugation depths t define a rectangle. 
Part of this rectangle is occupied by two subareas, each 
being half of a cross section area of an inwardly di 
rected corrugation crest (e.g., as hatched), the remain 
der being the channel cross section area. That area is 
to be about two-thirds less of the rectangle T12t. To 
state it differently, half of the cross section of the heli 
cal channel as defined by the corrugation, is at most 
twice as large as half of the cross section of the helical 
ridge that separates the loops of the spiral channel. 
Under these conditions, optimum heat transfer coeffi 
cients are obtained as between fluid and the tube's wall. 
This is approximately curve c in FIG. 6. 
Tubes meeting these requirements are well suited as 
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6 
fluid conductors in long paths for heat exchange such 
as required, for example, in desalination plants. It may 
be desirable here to provide stretches of the tube with 
smooth wall to facilitate installation in heat exchange 
planes. 

it should also be mentioned that the helical corruga 
tion having the stated parameters do, in fact, provide 
for rotational flow at optimum heat transfer character 
istics as been fluid and wall. Tubes having annular cor 
rugation at similar parameters provide baffles in the 
flow resulting in backwater zones adjacent the annular 
corrugation ridges with no rotational flow and provide 
for considerably inferior heat transfer. 
The invention is not limited to the embodiments de 

scribed above but all changes and modifications 
thereof not constituting departures from the spirit and 
scope of the invention are intended to be included. 

I claim: 
1. Method for conducting fluids through a tube for 

heat transfer as between tube and fluid, comprising the 
step of 
using a helically corrugated tube; 
the corrugation having axially alternating crests and 

valleys, 
the axial distance T from crest-to-crest, the crest-to 

valley t, the inner tube diameter d and the helix 
angle 8 of the corrugation selected so that tT is 
from 0.01 to 0.5, t?d from 0.01 to 1.0; and 6 from 
5° to 20°. 

2. Method as in claim 1, wherein tT is from 0.1 to 
0.2. 

3. Method as in claim 1, wherein tha is from 0.03 to 
0.3. 

4. Method as in claim 1, wherein tTis from 0.1 to 0.2 
and t?d from 0.03 to 0.3. 

5. Method as in claim 1, wherein half the cross sec 
tion of a fluid flow channel defined by the helical corru 
gation valleys is not larger than twice half of the cross 
section of the crests as separating axially sequential 
channel loops. 

6. Method as in claim 1, using the tube in a heat ex 
changer. 
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