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Abstract-Results are presented from experimental investigations of heat transferin a 25 mm J.D. copper tube,
tightly fitted with helical-wire-coil inserts of varying pitch (p), helix angle [x)and wire diameter (e). A similarity
law approach was attempted to interpret the friction and heat transfer results and correlate them in terms of
roughness Reynolds number (h+), momentum transfer roughness function R(h+) and heat transfer roughness
function G(ll+, Prj. The present results are compared with previously published results and a generalized
correlation for the G-function has been developed, which is applicable for different types of rough surfaces. An
optimization study was made on the basis of maximization of the heat transfer rate and also minimization of
pumping power and heat exchanger frontal area to identify the most efficient tube within the matrix of data.

lIOO:\IElIOCLATURE

A area [m"]
C cost [Rs.]
D tube diameter Em]
e wire diameter Em]
g acceleration due to gravity [m S-2]
h roughness height Em]
hi tube inside heat transfer coefficient

[Wm- 2K- I ]

k thermal conductivity [W m- I K- I ]

L length Em]
p pitch Em]
I1P pressure drop [N m - 2]
Q heat load [W]
R radius of tube Em]
T temperature [0C]
U* shear velocity [m s- I]
V bulk average velocity [m S-I]
y radial distance from the wall Em].

Greek symbols

Jl dynamic viscosity [N s m- 2
]

y kinematic viscosity [m? S-I]
p density [kg m - 3]
r shear stress [N m - 2]
a helix angle [0C].

Dimensionless groups

f friction factor, 2 r wg c/ p V2

G(h+,Pr) heat transfer roughness function,
{[(f/2St)-I]/..j(f/2)}+ R(h+)
roughness Reynolds number,
(e/Deq ) Re..j(f/2)
Prandtl number, CpJl/k
Reynolds number, DV p!JI
momentum transfer roughness function,
..j2IJ +2.5 In (2e/Deq )+ 3.75
Stanton number, (hjGCp )

dimensionless velocity, (11/11*)
dimensionless radial distance from the wall,
(YII*/Y)·

Subscripts

a augmented tube
b bulk condition
eq based on equivalent diameter
I based on inside diameter
1m log mean
max maximum value
o equivalent smooth tube value
R ratio
S smooth tube
W wall condition.

IlIOTRODUCTION

THE AVAILABILITY of the world's limited material and
energy resources and the ever increasing cost of energy
over the past few years accelerated the research in the
field of conversion of raw materials and reduction in
energy usage for a given process. In the heat transfer
field, this necessitated the development of compact and
more efficient heat transfer equipment. Use of rough
surfaces is one of the several enhancement techniques
reported by Bergles [1], through which it is possible to
achieve a two-fold objective of obtaining the maximum
heat transfer rate with a minimum frictional pressure
drop. These devices can be employed either to increase
the heat transfer rate or to reduce the pumping power or
heat transfer area. Considerable work has been
reported on internally roughened tubes such as sand­
grain roughened tubes [2], internally finned tubes [3,
4], transverse rib-roughened tubes [5-7] and spirally
corrugated tubes [8-12], and these are applied with
varying degrees of success for a few commercial heat
transfer applications. However, very limited work has
been published on the thermohydraulic performance of
helical-wire-inserted tubes, especially for convective
heat transfer applications.

ROUGH SURFACE ANALYSIS

The limited knowledge on the mechanism of flow
over rough surfaces hinders the prediction of heat
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R(II+) = F[h, p, o; ex, V, h+], (5)

and (11+), the roughness Reynolds number is given by

The momentum transfer roughness function R(1I +) is a
function of the parameters describing the surface
roughness and now velocity which can be stated for
a wire-coil-inserted tube in the form

and (b) the outer region, the region away from the
immediate vicinity of the wall, where the direct effectof
viscosity on mean flow is negligible, which can be given
by

Assuming that equation (3) holds good for the entire
cross-section of the tube, the friction factor for the
turbulent now inside rough tubes can be given by
integration of equation (3).Thus, the friction similarity
law for rough surfaces can be represented by

G(h+, Pr) = (f~~j~l) +R(h+) . (7)

The turbulent heat transfer data for fluids of various
Prandtl numbers and tubes of three different sand­
grain roughness were correlated well by Dipprey and
Sabersky [2] using the function G(1I +, Pr) termed as the
heat transfer roughness function, which is ultimately
a function of only two variables h" and Pro For a fully
rough region (lz+ > 70), the following correlation was
developed

(fj2St-1) +848 = 5 19(Pr)Oo44(h+)O .20. (8)
J(f/2) . .

The correlations of Webb et al. [5] for heat transfer
results obtained in repeated rib-roughened tubes
[equation (9)] and of Ganes han and Raja Rao [14] for
multi-start spirally corrugated tubes [equation (10)]
showed the negligible effect of tube roughness
parameters, expressed as the ratio (Pjh) on the G­
function

Assuming that the law of wall similarity applies for
both velocity and temperature profiles, Dipprey and
Sabersky [2] developed a heat transfer similarity law, in
analogy with the friction similarity law for now in a
sand-grain roughened tube, and obtained

(f j2St-1) + R(Tz +) = 475(Pr)OoS7(h+)Oo28 (9)
J(fj2) . ,

valid over the range °h + > 25

log [G(h+, Pr)(Pr)-o .SS] = 2.576-1.707 log (11+)

+0.497(log h+)2+0.0103(log 11+)3 . (10)

Though the similarity lawsare expected to hold good
for any type of roughness geometry, their utility for
developing a generalized correlation for a variety of
roughness geometries has not yet been fully tested. The
objective of this investigation was to generate friction
and heat transfer results pertinent to the heating of
Newtonian fluids in helical-wire-coil-inserted tubes
and correlate the same in terms of R(Tz +),G(ll +,I'r) and
(h +)functions and test them with the published results of
previous investigators. Further, a parametric evalu­
ation of the tubes, based on three different criteria was
attempted to identify the most efficient tube within the
matrix of data.

(3)

(1)

(6)

(4)

11+ = (hjDJ ReJ(fj2).

11+ = 2.5 In (yjll)+R(h+).

(
211 )R(II+) = J(2/f) + 2.5 In D

j

+3.75.

transfer rates and friction factors by analytical methods
because of which the reported equations rely
extensively on experimental information. However, the
wall similarity law concept, used by Dipprey and
Sabersky [2] for sand-grain roughened tubes and later
by '''ebb et al. [5] for repeated rib-roughened tubes
permits the presentation of experimental results in a
most general form taking into account the various
parameters involved, inclusive of tube roughness
parameters.

The basic similarity law assumptions are the
existence of two regions, namely, (a) the inner region,
near the wall where the velocity distribution depends
exclusively on the local conditions like y, TO, JI and h,
represented by

[YII*]11+( = 11/11*) = F 1 Y = F1[y+],

("mU-") = F 2[ yj ll ] . (2)
11*

Combination of equations (1) and (2)gives the velocity
distribution equation for the turbulent-dominated part
of the wall region

Nikuradse's [13] pressure drop results, when
analysed in terms of R(h+) and (h+) showed that for
11 + > 70 (this region is termed as a 'fully rough region'),
R(h +)assumed a constant value of8.48, which was later
supported by Dipprey and Sabersky [2] from their
study on sand-grain roughened tubes. Later, Webb et
al. [5] and Ganeshan and Raja Rao [14] used this
similarity law approach to correlate the turbulent flow
pressure drop results inside repeated rib-roughened
tubes and spirally corrugated tubes, respectively. Webb
et al. also reported that R(h+) is a function of(P/h) even
at higher (h+) values.

EXPERIl\IEl'"TAL PROGRAl\I~IE

The friction and heat transfer characteristics of eight
helical-wire-coil-inserted tubes were determined, for
two wire diameters 2.0 and 3.0 mm, and for four helix
angles of wire coil, ex = 30°, 45°, 60° and 75°,
corresponding to pitches of 66, 38, 22 and 10 mm,
respectively. In addition, one smooth tube was used to
standardize the experimental set-up and also to
evaluate the increase in the friction factor and tubeside
heat transfer coefficient in eight rough tubes, relative to
a smooth tube.
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Table I. Character istic dimensions of the helical-wire-coil­
inserted tubes"

D eq P e IX L
Tube (mm) (mm) (mm) (deg.) (mm)

0 25.0 - Smooth tube - 1500
1 22.30 66 2 30 1500
2 21.30 38 2 45 1500
3 19.90 22 2 60 1500
4 16.10 10 2 75 1500
5 21.60 66 3 30 1500
6 20.10 38 3 45 1500
7 18.40 22 3 60 1500
8 12.70 10 3 75 1500

• Water and 50% glycerolwereusedas working test fluids.
flowing in turbulent flowin the tubesovera range ofReynolds
number, from 4000 to 100000.

The characteristic parameters, which define the
roughness geometry of the eight helical-wire-coil­
inserted tubes are given in Table 1 and a sectional view
of one tube is shown in Fig. 1.

A schematic diagram of the experimental set-up is
shown in Fig. 2. The actual test section consisted of a
1500 mm long double pipe heat exchanger, the inner
tube of which was either the smooth tube or one of the
helical-wire-coil-inserted tubes under test. The outer
tube of the test rig was a 50 mm J.D. galvanized iron
pipe, ha ving openings every 125 mm, displayed radially
by 180°, for the passage of thermocouples. Twelve
30-gauge copper-eonstantan thermocouples were em­
bedded on the heat exchanger tube wall for the
measurement of wall temperature.The test section was
preceded and followed by smooth tube, or helical -wire­
coil-inserted tube calming sections, each with a length
of 600 rnrn, depending on the tube under test.

Each tube was equipped at both the inlet and exit,
with three in-plane static pressure wall taps,
encompassed by a piezometric ring and in turn each
piezometric ring was connected to the limbs of a Ll-tube
manometer. The isothermal pressure drop studies were
carried out for turbulent flow of water and 50% glycerol
at 30°C. The steady-sta te pressure drop was measured
by means of Ll-tube manometers using mercury or
carbon tetrachloride as manometric liquids, depending
upon the magnitude of the flow rate.

Heat transfer studies were carried out for the
turbulent flow of water and 50% glycerol inside the
inner tube ofthe heat exchanger using hot water (as the

((
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FIG . I. Characteristic parameters of the helical-wire-coil­
inserted tubes. p, pitch ofwirecoil; e, wirediameter; D i, inner

diameter of tube; and a, helixangle.

heating medium) flowing at a constant temperature in
the annular side of the exchanger. Steady-state flow
rates of hot water and test liquid were obtained from
calibrated rotameters. The inlet and outlet tempera­
tures of the exchanger fluids and also the metal wall
temperatures were obtained from a preci sion O.I°C
accurate digital temperature indicator.

RESULTS Al'\D D1SCUSSIO:'{

Friction/actor
The Fanning's friction factor was calculated from

DI1Pgc
/=2pV2C (11)

The smooth tube friction factors for the turbulent flow
of water and 50% glycerol were well correlated by the
Blasius equation

/ = 0.079(Re)-O.2S, (12)

with a standard deviation of 2.8%. This served the
purpose of standardizing the experimental set-up.

The turbulent flow friction factors in the helical-wire­
coil -inserted tubes were found to be highercompared to
a smooth tube under the same operating conditions, as
seen from Fig. 3. The increase in friction factor ranged
from 30% for tubes 1 and 5 (fitted with a wire coil of
pitch 66 mm and of wire diameter 2 and 3 mm,
respectively), to as high as 220% for tubes 4 and 8 (fitted
with wire coils of2 and 3 mm diameter, respectively.at a
closer pitch of 10 mm) compared to a smooth tube. The
other tubes produced friction factor enhancements
intermediate between 30 and 220%. This order of
increase in the friction factor was also earlier reported
by Kumar and Judd [15]. Although, the turbulent flow
friction factor in these tubes was found to be dependent
on the roughness geometry of the tube, it was not
independent of Reynolds number even at high flow
rates-a trend similar to that observed by Gupta and
Raja Rao [9] in spirally corrugated tubes also.

Friction correlat iol!
The results of friction factor in helical-wire-coil­

inserted tubes were analysed in terms ofthe momentum
transfer roughness function R(Iz+) and roughness
Reynolds number (11+). Figure 4 shows the variation of
R(Iz+) with (Iz+) for the turbulent flow of water and 50%
glycerol inside eight helical-wire-coil-inserted tubes.
Since the tubes used in the present study are not
geometrically similar, a vertical spread in R(ll+) values
was observed in Fig. 4. For all thetubes,R(ll+)showeda
rising trend with increasing (Jz +), which is si~ila r to t~e

trend recently reported by Withers [16J for single-helix
corrugated tubes for turbulent flow of water. Th e R(Jz+)
values were higher for least rough tubes, namely tubes
1 and 5 and lower for the roughest of all the tubes,
namely:tubes 4 and 8. In this study, (lz+) values as hi~h
as 2000 were obtained because of the larger wire
diameter and closer pitch ofhelical-wire-winding used.



1836 R. SETlIU~IAllHAVAN and M. RAJA RAO

Water main line

FIG. 2. Schematic diagram of the experimental set-up: (I) chilled water tank; (2) test solution tank; (3)orifice
meter ;(4) mixing cups ;(5) inlet and outlet calmingsections ;(6) test section ;(7) hot water tank ;(8) heaters ;(9)
rotameter ;(10) cooling coils; T, temperature indicator; P, pressure gauge ;-, test section line;~, hot water

line; and ~t. chilled water line.
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FIG. 3. Variation of f with Re.
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Helix angle '(1.' was found to be a significant
parameter affecting friction in helical-wire-coil­
inserted tubes in view of the swirl flow involved. This
observation was wellsupported by the work of Gee and
Webb [7] who used helix angle as the correlating
parameter between R(h+) and (h+).

Bycross plotting the present results, R(h +) was found
to be proportional to (tan (1.)-O.IS. The following
correlation closely fitted the data points in Fig. 5 within
a standard deviation of 6.36, irrespective of wire
diameter

Heat transfer
The tubeside heat transfer coefficient was calculated

using

(14)

The smooth tube heat transfer data were found to
agree within ±5% with the Sieder-Tate heat transfer
equation for turbulent flow

h·D.
-'-' = O.027[Re]0,S[Pr]0.33 UI/pw]0.14. (15)

k

(13) The tubeside heat transfer coefficients for the

+
-<::

Cl::
L.-.J

I
102

o 50% Glycerol

• Woter

FIG. 5. Variation of [R(/(l")] [tan 0:]0.18 with roughness Reynolds number [h+] for the flow of water and 50%
glycerol in helical-wire-coil-inserted tubes-final correlation.
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turbulent flowofwater and 50%glycerol in one smooth
tube and eight helical-wire-coil-inserted tubes were
analysed in terms of Si-Re relationships and Fig. 6
shows the variation of St with Re for all the tubes.

The Stanton numbers for the heating of both the test

fluids in these tubes were predominantly higher
compared to the smooth tube , at the same Reynolds
number. The roughest tubes4 and 8 ofthe present work
produced a maximum improvement in Stanton
number of the order of 150%, whereas tubes 1 and 5

Le gend
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FIG.-7:Variation of G(h+-:Pr) with 11+ .
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(least rough coil-inserted tubes) yielded an improve­
ment of25% only in the Stanton number, compared to
the smooth tube.

Heat transfer correlation
Variation of the heat transfer roughness function

G(1I +, Pr) computed from equation (7)is plotted against
roughness Reynolds number (11+) in Fig. 7, for water
and 50% glycerol flowing in eight helical-wire-coil­
inserted tubes.

The G-function for each tube increased slightly with
an increase in (11+) and further its value is different for
each tube, although the difference is not very pro­
nounced . This clearly shows that the G-function is a
weak function of 11 + and the helical-wire-coil geometry.
However, G(h+, Pr) is a strong function of the fluid
Prandtl number.

Gee and Webb [7] reported that the G-function was
influenced by the helix angle of the insert 'and further
they found that the air data ofNunner [17J and Han et
al. [18] could also be correlated in the same way. The
agreement was found to be excellent. In the present
study, the tangent of the helix angle (tan a), which
adequately defined the helical-wire-coil geometry was
used for correlating G(ll +, Pr) with (11 +), apart from the
fluid Prandtl number.

Cross-plotting of the G-function against (tan a) at
selected (h+) values showed that G(1I+, Pr) varied with
(tan a)-0 .18. The effect of the wire diameter of the coil
insert on the heat transfer rate was found to be

negligible in the present study, thus confirming the
previous findings of Kumar and Judd [15].

The influence of Prandtl number on the G-function
was evaluated by the treatment of heat transfer results
of the two test liquids (5.2 < Pr < 32) used and
G(h+, Pr) was found to vary directly with Pr O•5 5• This
agreed well with the function PrO .5 5 obtained by
Ganeshan and Raja Rao [14] and compared well
with Pr O

.
5 7 reported by Webb et al. [5] for repeated

rib-roughened tubes . Figure 8 shows the variation of
G(h+, Pr) (tan a)0.18 (Pr- 0. 5 5) with (h+) for the heat­
ing of the test liquids in eight helical-wire-coil­
inserted tubes and the final correlation was obtained as

G(ll+, Pr)(tan a)0 .18(Pr- 0.5 5 ) = 8.6(11+)0 .13. (16)

Equation (16)predicted the results of the present work
and also the results of Carnavos [4] for water inside
helical-finned-tubes and of Kumar and Judd [15] for
water in tubes fitted with turbulence promoters. This
comparison is shown in Fig. 9.

PERFORl\IAl'\CE EVALUATIO:"<

In technically evaluating the performance of eight
helical-wire-coil-inserted tubes, criteria 3-5, based on
the objectives of (a) maximizing heat transfer rate, (b)
minimizing pumping power and (c) minimizing
exchanger size, as suggested by Dergleset al. [19] were
used. The performance ratios were not only evaluated
as the ratio (hj1l i, ) but also as [UJU,] in viewofthefact

100,.----------------------,
o Gee and Webb (7)
x Present study
l> Kumar ond Judd [/5)
• Cornovos (4)

10 0

G (h~ Prj
=G (h'; Prllton a)0.18 (PrrO .5 5

:l'> t>,:,.
l>t.~

x~~~· ·

6L-_.L..-L-.!.....LJW-J1..U-_--'L-...J.....L..!....1.-.L.J...JU-._-'----''--'
10

FIG. 9. Comparison of the present correlation with the results of other workers.
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that 'r' (the ratio of combined outside film and metal
wall resistance to the inside film resistance) is not zero,
but ranged from 0.3 to 2.5 for the overall range of
Reynolds number, 4000-100000, studied.

Criterion 3
Figure 10 shows the variation of performance ratio

R3 with equivalent smooth tube Reynolds number Reo,
for all the eight rough tubes studied. The enhancement
in the heat transfer rate varied from a minimum of 15%
(in tubes 1 and 5) to a maximum of 85% (in tubes 3,4,7
and 8) based on the ratio of individual heat transfer
coefficients,namely, (hiJh;sl. This is comparable to the
augmentation of75% obtained by Carnavos [4] for the
heating of water in internal helical-finned-tubes.
However, when R3 is evaluated as UJU o and plotted
against Reo in Fig. 9 as dotted curves, the performance
ratio showed a slight reduction. This behaviour was
expected, especially at higher Reynolds numbers where
r( = hJho) #- 0, since hi is either comparable to or
slightly higher than the tube outside heat transfer
coefficient (h o). Thus the R 3 value ( = U ./U 0) ranged
from l.l to 1.6 only for the eight tubes used in the
present study. The best operating Reo was 20000­
50000 for water and 8000-15000 for 50% glycerol.

Criterion A
This criterion aims at a reduction in the pumping

power for equal heat duty and surface area (i.e, Q/Q.

= A/A.= 1). The performance ratio R4 ( = PJP o) is
plotted against Reo in Fig. 11.

Based on hi' the reduction in pumping power varied
from 30% for least rough tubes (tubes 1and 5) to 80 for
the roughest tubes (tubes 3,4,7 and 8).However, when
the ratio R4 was evaluated on the basis of the overall
heat transfer coefficients, a maximum reduction of
pumping power of70% only was observed for tubes 3,4,
7 and 8. In this case also, all the tubes seem to perform
well in the Reo range, from 20000 to 50000 for water
and 9000 to 15000 for 50% glycerol.

Criterion 5
The performance ratio R 5 (based on both h, and U) is

shown as a function of Reo in Fig. 12 for all the eight
helical-wire-inserted tubes.

The replacement ofa smooth tube by tubes 3,4, 7and
8 produced a heat transfer area reduction of 50-60%
which compared wellwith a reduction of45% observed
by Marta et al. [20] by using roped tubes instead of a
smooth tube.

However, the maximum reduction in heat exchanger
frontal area obtained was only 50%,using tubes 3,4,7
and 8,when R s was based on U (that is -1' is finite).All
the eight tubes performed well in the Reo range of
15000-40000 for water and 7000-12000 for 50%
glycerol.

However, in evaluating the performance of these
tubes, the effectsoffouling, cost factor, etc.are not taken
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FIG. 13. Variation of IIwith /Z+.

into consideration, which might, however, influence the
final selection of the tubes for use in heat exchangers.

TUBE EFFICIENCY INDEX

The efficiency index "I' of eight helical-wire-coil­
inserted tubes was evaluated as

I = (StJSt,)
1 fJI.'

as suggested by Gee and Webb [7].

(17)

From Fig. 13,where 'IT' is plotted against h", itcan be
seen that 'IT' slowly increased with increasing (It+),
reached a maximum value and then started decreasing
with a further increase in (11 "), The overall variation of
't( with h" with any of the eight tubes was, however,
very small.

In order to establish the effectof helix angle a on the
tube efficiency index ',/','/ is plotted against 'a' in Fig. 14
for two selected values of It +, and the results showed
that optimum helix angle lies in the vicinity of 50°-60'
for both the fluids, namely, water and 50% glycerol.

8070605040

Tube e Symbol
No. lmml 50 % Glycerol Water

5 3
6 3
7 3
8 3

30

1.1

1.0

0.9

0.8

0.7
1)

1.1

1.0

0.9

08

0.7
80 207060504030

-Tube e Syrnbot,
No. lmml 50%Glycerol Water

I 2 lID ID
2 2 El E3
3 2 \ill llJ
4 2 EiJ IS)

1.0

1.1

0.7 L..-_---L __ .........__ --'- __ .1.-_---' __ --'

20

1.0

1.1

0.9

0.8

0.8

0.9

0.7
1)

a a

FIG.14.Variation of efficiency index (II)with helix angle (2)for the heating of water and 50% glycerol in helical­
wire-coil-inserted tubes.
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The present results and those of Gee and Webb [7] I S

were compared in Fig. 15.According to Gee and Webb
[7], a maximum efficiencyindex ofO.85was observed at 1 6

a helix angle of 49° for a (Ii +) value of30, for the heating
. of air (Pr = 0.71). However, in the present study the R 3

: <:

optimum angle corresponding to a maximum value of
1.2

1.05for the efficiencyindex seemed to lie around 55°for
water(Pr = 5.2)and 60' for 50% glycerol (Pr = 32).It is

10
clear from Fig. 15, that optimum helix angle increases

1 0
slightly with an increase in Prandtl number of the test
fluid used. This behaviour suggests that higher helix 08
angle might be preferable for the heating of higher
Prandtl number fluids. R~

06

COST ANALYSIS
0 4

Since, the material of the helical wire insert adds to 0

the cost of the smooth tubes, an attempt was made to 1.0

compute the cost of the enhanced tubes with the insert
and to identify the tube which performs superior to R",

0 8

other tubes,on the basis of cost ratio also .The cost ratio
CR is calculated as 0 6

where C. is the cost of the augmented tube (cost of the
smooth tube plus cost of the wire added), and C. is the
cost of the smooth tube. Figure 16 shows the variation
of performance ratios R3 , R4 and Rs as a function of
CR' Though tubes 3, 4, 7 and 8 produced the same
performance ratios, tube 3 has accomplished it at the
least cost ratio CR ( = 1.15) and hence tube 3 is
established as the most favoured tube in the present
work.

COI'CLUDING REMARKS

The results of the present study indicate conclusively
that:

(1) The preferred helix angle of the wire-coil
promoter is in the vicinity of 50°-55 °for convective heat
transfer to water and around 600 for 50% glycerol.

(2) Evaluation of thermal performance of the tubes
based 'on criteria 3-5 and also cost factor consider­
ations showed that tube 3 is the most efficient of all the
eight tubes .

(3)A correlation for G(1i +, Pr) is proposed, based on

FIG. 16. Variation of performance ratios with cost ratio in
helical-wire-coil-inserted tubes.

the results of the present work and those of previous
investigators on tubes of different roughness
geometries.
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TRANSFERT THERMIQUE TURBULENT ET FROTTEMENT POUR DES FILS
HELICOYDAUX INSERES DANS DES TUBES

Resume-On presente des resultats experimentaux de transfert de chaleur dans un tube en cuivre de diarnetre
interieur 25 rnm, muni d'un serpentin de fiI insere avec un pas (P), un an gle d'helice (:x) et un diarnetre de fiI (e).
Une loi de similitude est fournie pour interpreter Ie frotternent etle transfert thermique et les formules en
fonction du numbre de Reynolds de rugosite (h +), du transfert de quantite de mou vement R (h "')et du transfert
thermique G (/1+, Pr). Ces resultats obt enus sont compares avec des resultats deja publies et une forrnule
generale pour la fonction Gest developp ee et elle est applicable pour different s type de surfaces rugueuses . Une
etude d'optimisation est faite sur la base de la maximisation du transfert thermiqu e et de la reduction de la
puissance de pompageetde l'aire frontalede l'echangeur dechaleur.afin d'identifier Ietube Ieplus efficacedans

l'ensernble des donnees.

TURBULENTER WARMEOBERGANG UND DRUCKABFALL IN ROHREN
MIT EINGESETZTEN SPIRALFORMIGEN DRAHTWENDELN

Zusammenfassung-Es werden die Ergebnisse experimenteller Untersuchungen des Wiirmeiibergangs in
einem Kupferrohr von 25 mm Durchmesser, in dem spiralformige Drahtwendeln eng anliegend eingebracht
wurden, mitgeteilt. Ganghiihe (p), Steigungswinke1 (7) und der Drahtdurchmesser (e) wurden variiert. Es
wurde versucht, die Ergebnisse fUr Wiirmeiibertragung und Druckverlust entsprechend den Ahnlich­
kcitsgesetzen zu deuten und sie in Abhangigkeit von Begriflen wie der Rauhigkeits-Reynolds-Zahl (11"'), der
Rauhigkeits-lmpulsiibertragungs-Funktion R(h+) und der Rauh igkeits-Wiirmeiibertragungs-Funktion
G(IJ,Pr) darzustellen. Die vorliegenden Ergebni sse werden mit fruher veroffentlichten verglichen und eine
allgemeine Beziehung Iiir die G-Funktion entwickelt, die auf verschiedene Arlen von rauhen Oberll iichen
anwendbar ist. Urn da s glmstigste Rohr innerhalb der ermittelten Daten zu identilizieren, wurde eine
Optimierungsuntersuchung gernacht, deren Grundlage die Maximierung des Wiirmeiibergangs sowie die

Min imierung der Pump enleistung und der Wiirrneaustau scherstirnfliiche ist.



Turbulent flow heat transfer and fluid friction

TEnJlOnEPEHOC nPH TYPEYJlEHTHOM TE4EHlHI H TPEHHE )IUI)J.KOCTH B
TPYEAX C npOBOJl04HblMH CnHPAJlbHblMH BCTABKAMH

AHHOT3UHII-npe.llCTaBJlCllbl PC3YJlbTaTbl3KcneplI~ICIITaJlhllhIX uccnenosaunit rennoncpcnoca B~Ie.lllloii

Tpy6c, 1I~lelOllleii auyrpeinmn nnaxrerp 25 M~I, B KOTOpylO snnoruyio B~IOIiTllpoBallbl npouono-unre
cnnpansusre BCTaBim c pa1llbl~1lI urarawu (P), yrnasrn naxnona BIITKOB (x) II nuasrerpasn: npOBOJlOKII
(e). Flpennpnnara nonsrrxa 113 OCIlOBC aarovonem.noro ananma 06bllCIIIITb peayns'rarsi no rpenmo
II rennonepeuocy II 0606UllITb IIX C nosroun.io xucna Peliaom.nca JLll1 urepoxoaaroii nOBepXIlOCTII
(h +), <PYHKUIIII nepenoca KOJlII'leCTBa JlBlI)I(ClIIllI ua urepoxoaaron nOBCpXIlOCTII R(h +) II ljlYIlKUlI1I
rtepenoca OT urepoxosaroti nOBepXIlOCTII G(h+ ,Pr). Ilponeneno cpasnenue nonysennux pe3YJlhTaTOB
C panee ony6J11IKOBanllhl~1II Jlallllhl~1II 1\ npennoxeao ofiofiuiennoe cooruoureuue nns G-ljlYIlKUIlII,
xoropoe MOlKllO IICnOJlh10BaTh nns pa3J111'lllhIX TlmOB wepOXOBaTbIX nOBcpXIlOCTCii. HcnO_lh3Yll
xtarpnuy axcnepuxrenransuux naumrx, ssmonnen allaJIII3 OnTlI~l\l3aUIIII paccxiarpuaaestoro
TenJlo06Melliloro ycrpoiicrea no MaKCII~IYMY TenJlOBOrO nOTOKa, MIIII\I~IYMY MOlllIlOCTII. IlC06XOJlII~lOii

.IlJlII npOKa'lKII lKlI.IlKOCTlI, II MIIIIII~IY~IY ljlpOIlTaJlhHOii nnourann TenJlo06~leIlHIIKa.
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