zZ
O
j—
g
=
o
@
L
Ly
&)

o XBOW EFFECT AND
SURFACE TEMPERATURE PROFILES
OF CALENDER ROLLS

External heating ond proper design are solutions
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T HE CALEMIWAR STACK moust have a
uniform nip gap along i entire
width to produce s sheet with
uniform CD caliper profile. The CD
caliper profile control sysicin can com-
pensate for minor variations but cannot
always compenaate for the caliper varis-
tons ot the paper edge caused by the
oxbow effect. A wyplcal example i
shawn in Fig. 1.

There bs very little litcrature pub-
lished on the oxbow effect and what
does exist [1] does not clearly describe
the different sources of the axbow
effect and the importance of each
source. Only when these sources are
clearly understood can the roll design-
er o a proper job of designing new cal-
ender ralls or developing new coneepls
for hesting calender rolls,

An lmproperly designed roll can
cause soft reel edges due to the
increased moll dismeter near the jour-
ol ends. Understanding the oxbow
effect is alo imparmnt for the end user
w select the optismim voll design and

o giin the maximum performance
from his calender smck.

In this report the sources of the
oxbow effect are discussed in a qualis-
tive sonse. This informaton s augment-
ed with examples of finite element
rewults to show the relative impartance
af each of these effects. In addition, the
wirface temperature profiles of a num-
ber of calender rolls of varivus designs
were measured vnder opemting condi-

tions, Three types of rolls, all of 610-
mm dismeter were mensured, two dis-
placement body rolls, ane with 101.6-
mm shell thickness, the other with
152.4-mm shell thickness and a tripass
roll with 15 hot wailer holes.

(O xzow eerecr

Typitally, the roll is ground 10 a uni-
form diameter a4l room fEmperature.

AG. 1. THE TOF HALF OF THE CROSS SECTION OF A CALENDER ROLL END SHOWING THE
TYFCAL “OXBOW SHAPE"
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FIis, 2. CROSS-SECTION OF CALEMNDER ROLL SHOWING THE LAYERS OF CHILL AND MOT

TLE O THE CORE [RON
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However, under operating lempera-
tures the roll dinmeter decreases
roward the end of the roll and then
increanes as shown in Fig. 1. Thisis
refermed to as the oxbow ih.upr..

The heot flow theouph the crosssec-
tton of the calender roll at it length-
wise midpaint is ane-dimensional in
the radial direction, Near the journal
ends the heat Now becames two-diten-
slonal. The major dirgction ol hieat Now
s still in the madial directdon but there
i mlbo soine et flow In the axial divec-
Lacam

The distoriion causing the axbow
elfect has three temparature rolated
sources wihtieh are additive. To viualize
the firsi two sources, ignore the end
éffects noted above, and assume the
heat flow i in the mdial directon only,
Source 1y Uniform temperatore ef-
fects: Figure 2 shows the conatruction
of a rypical mraight bore calender roll
with & 1%-mm layer of chilled east iren
an the outer gurface and & 1%mm laver
of mottle iron between the chill and
core iron. The kaver al chill iron hasy a
lower co-eificient of thermal expansion
than the mottle end the core fron b
the highess value. When the roll is uni-
formly hesited, the surface of the roll b
under terision and the core is under
compressian due th the diffenng wies
of thermal expantian.

The boundary eonditions an a thin
crowsectional slice at the lengthiwise
midpaing ol the roll are such that the
adiacent roll material prevents the
siredics developed from causing any
nor-uniform dal deformation. When
the alice is wken fFmm the end of the
roll, the restrmint provided by adjacent
material on the outboard side bs no
longer present

With the sireses removed, the inge-
rior material can expand axially oui-
ward to a much greater extent than the
surface material. This is equivalent o
putting a large concentric moment an
the roll end which causes the roll 1o
grow in diameier atthe very end and
be reduced fn diwmeter o short distance
in from the énd, Fig. 1.

Souwrce 2 Radin) temperature gradient
elfects: During normal operation, the
surface of the moll s heated by the hot
water Mlowlng in the bore. Thus, the
interior af the roll is hotter than the
surace, Fig. A The hotter interior tom-
peratures canse similor siresses to thoae
described above, accentunting the dis
tortion.

Source 3: Actual ¢ effecte
Heat Now at the joiarnal end of the roll
la not eonttrained 1o the radial direc-
tian, bat also flows in the axial direc-
tion resulting in 2 hotter valume aver-
age lemperature al the end. Figure 4
shows such a temperature profile where
the surface temperanire changes rapid-
Iy at the roll end. This is caused by the

Taz A

higher rate of heat flow inte the paper
in the wrapped portion of the roll, as
enmpared o the heat flow inio the alr
at the unwrapped end of the roll

Thus the surface temperature at the
rall end tends to be hotter than the sur-
face tempeorature in the wrapped por-
ton of the foll. The amount ef expan-
sion &t the end is dependent upon the
volume average of the tempemiure rise
at the roll end.

In a poorly designed roll, the vol-
ume aversge iompemiure will be miach
higher at the end than at the centre
anising the rall 1o have a larper diame-
terat the end.

© ource conrrisurion

SDRE IDEAS was uned to consiruct a
finite clement model of a 610-mm
diwmeter displicement body hot water
rall, with 2 152 d-mom thick shell, 1o 1esz
the relative importance of sach al the
sources, The culoulation was done with-
oub the journal (o properly simulile
radial temperatore gradient clfecs.
The absence of the journal’ ends does
affect the structural boundary condis
tiony which will give a higher distortion
value.

To sitmilate the contribution of the
uniform remperawire effect, the roll
was assumed o bave been ground 1o @
uniform dinmeter at 22°C ond heated
to a unilorm empemore of 90°C. The
additional comtribution of the radial
temperature pradient effect was simu-
lated by using [40%C water in the bore
with a film co-cfficient of 9749
W/ (mIK).

Finally, the contribution of the actu-
al roll end =mperature wa simulated
by using the surface (emperature pro-
file measured on an operatng calender
smck 58 the thermal boundary eondi-
uion at the surface. This emperature
profile was mensured on a displace-
ment body roll of 1524-mm whell thick-
ness, Fig, 8,

The Increased diameter of the rall
due to the thermal effects is shown
cumulatively for the three sources in
Fig. 5 as a function of the distance from
the mll end. There is only &2 minor con-
tribution due to the cifect of the differ
Ing- thermal expansion values, The
mmjor contribution is due to the elfecia
af the radial temperatuire gradient. The
volume average tempernture nse does
not contribute significantly here either.

Since the mdial emperature gradi-
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ent has the largest contribution 1o the
axhow effect, the most effective
method to reduce oxbow deformation
is to minimize the thermal resistance of
the ealender roll. The relative impar-
tance of the roll thermal resistance and
the volume aversge end emperature
will be influeticed by the absence of the
Journal,

@ nermar resisance

If m calender roll has a low thermal
resistriice which resulls 68 snall tem-
perature drop through the shell, the
major coptributor to the oxbow effect
s reduced; The lower thermal resis-
mnce will also reduce the axial heay
Now at the rmoll ends which will reduce
the contnibution of the actus] temper-
tiire prafile.

i | shows a test case where
an estimate of the upper bound of the
thermal resistance ol the 610-mm tri-
s voll wan calculated and companed
to the thermal resistance of G10-mm
diznmeter displacement body rolls with
152.4-min shell thickness and 101, 6-mm
thigll thickness. The tripass roll has 15
holes of 4245 mm diameier at 476,25
mm bolt circle diameter

Using the approximate analytical
citlculation gives ity thermal resistance
10 be LOSx103E/W per metee of roll
length. This approximation has been
checked with a finite element slmula-
tion which predicts a thermal resistance
af 0.87£10°9K/W per metre of roll
lengih. The displicement body with the
152 4 ahedl thickness hax a thermal
resivance of $.04x10%/'W per micter
af length and with o 10L.6-mm shell
thickness has 2 thermal resistance of
L. T8 r,/W per metre leagth.

Thus, the resistince of the 152.4-
mm shell thickness roll 15 3.5 times
greater than that of the tripass roll and
that of the 10] . 6-mm shell thickness
twice ns gresl

Since the largest contribution to the
oxbow efféct ks from the radial temper-

ature profile; the best design to mini-
rifze the oxbow elfect will have the low-
eit tempermture drop across it shell
The tripass mll has lﬁc lowest thermal
reststanee, thus it will alse hive the low-
£t lemperatre drop.

It bs the added advnmge of having
the temperature drop across a small
porton of the roll with over hall of the
material at o uniform lemperature.
Thua it will have the least rendency to
distort,

Orﬂunl TEMPERATURE

The fdeal rmperaiure profile on 2
calender rall emn be described as the
profile that gives the most uniform reel.
Since the nip load s the mast impor-
tatit parameter affeeting the web con-
solidation, the load, or roll diameter
withiinn the paper trim, must be a3 uni-
form as ible.

Unlformity of the roll surface tems-
perature is the second mest important
factor as sthown in the calendering
equation developed by Grotogino [2].

There are a number of variables
imvelved in the temperatire and distor-
tion of the roll ends. They are;

* Roll peometry details;

= [nterrmal roll inulation;

* Temperature of the heating Ouid;

* Heat transfer co-efficienis between
the beating fuld and rall;

* Heat transfer co-cificient between the
rofl and air

* Ambient air iemperaiire;

& Sheet :

* Sheet basis weight and moisture;

* Contact reststance between the sheet
and rall which are functions of the
sheet bulk, tension, and roughnes;

* Sheet tm.

These variables Indicate the care
required In the proper design of a cal-
ender roll, and the fact that seemingly
inslgnificant changes such as the
machine trim can affect calender per-
formance.

In practice, there cannot be a com-

pletely wniform cilender diameter
using conventional heating techniques
because of the roll's thermal ressince
and the large diiference in the heat
transfer between the wrapped portion
af the calender roll and the unwrapped
end. The roll can be designed so that
the variations are minor. Finite element
analysis using SDRC IDEAS was per-
formed to compare the difference
between a roll with no end insulation
and with insulation instslled w ming
mize heat transfer in the voll end and
Journal,

The heat tranafer co-efficients and
temperatures are shown in Fig. Ga and
Ob for both cases, The heat transfer co-
efficients were calculated from formu-
fne given in Appendix Il for a typical
Gli-mm dinmeter displacement body
roll with & 152.4mm shell. The lemper-
atures used were measurcd on an oper-
ating calender stack,

The structurzl boundary conditions
are shown in Fig. 6c. The boundary
conditions for the roll shell are @mken
far enough from the roll ends to elimi-
nite any nonuniform axia! movement,
In the model they are fixed from mosw
ing- in the axial direction which is
shown as axially restrained in Fig. 6c.
The model mkes the journal end oul to
about the bearing location. Here the
nodes will only move uniformly in the
axial direction which s referred 1o as
axially constrained in Fig. Ge.

These caleulntons give the surface
temperature profiles shown in Fig. ¥
and the deformations shown in Fig, 8
The uninsulaied case shows a definite
inerease in the roll end dizsmeter which
will canse reduced caliper at the pa
cdges. The Insulated case shows that
the diameter is smaller at the roll ends.
This ghows the impertance of roll
design when internal heating is nsed.

(Deasurep TempERATURE

A number of calender oll tempers-
ture profiles on operating paper
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mmchines were measmred. The temper-
atuTe mmsurements on the calender
siacks were done with un nfrared ther
momeler. The paper tempemaiire read-
ireps were (aken divectly mivd an embaiv-
ty conwerier was used o corroct for the
caléender roll surface emissivity. The
emisivity convertor i quite sensiive o
the boundaty layer alr lemperature so
care hod m be mken near oir showeor,

The emperamres on a calender rall
were taken al three locations auside
the paper edge, every 5010 75 mm
inside the paper edge for the st 500
mm, and approximaiely every 404 to
750 o in the cemtral partlon of the
roll. Typicul roll end temperature pro-
files are shown in Fig. 9 The tempers
ture rive gt the roll ends roughly eorre-
spond 1o the thermal resistunce af the
rolle with the tripass being the lowest
and the displacement body with the
152 4mm hell being the highest dise
10 ity greater shell thicknes,

The temperature profile through a
complete stuck i3 shown in Fig. 10, This
ntack huy two heated displacement body
rodly with 10L.Gmm sht?h in positlon 4
#nd 5 [rom the hottom, and the
remainder of the rolls unheated, The
data show the hot rall ends and the

tcmperature difference between the
rall surfice and the paper. As expecied
the unheated rolls do not have hot
ends

(Deouce oxsow errecr

Four different methods of minimiz-
ing the oxbow effect are discussed,
along with one method that can be
used 1o anticipate and compensate for
the roll deformation before It insmila-
tian. Some of the methods may not be
practical, but the Enowledge of their
exigtenoe witl be uscful.

Method 1: Reduce thermal resistance:
The wemperature difference between
the inside and ouiside of the roll will be
proportionally smaller I it has o lower
thermm! resistance. This will reduce the
mibow effect by lowering the compres
give stress inside the moll and the wnsile
itreds near the smirface of the mell. As
this has been shown to be one of the
major contributors, it i & very impor-
mnt method.

Method 2: Surface hent the roll: The
mast dbvious method of surface heat-
ing would be to use eddy current heas-
ing similar 1o Caleoils. Surface heating
is really an extension of Method 1

where the best source and sink would
both be at the mirface of the roll. Thus
there would be no contribution to the
oxbow effect due 10 emperature gradi-
ents fvom the interior to the surface of
the rall

This method would alse eliminate
roll end heating which eliminates its
conttibuiion to the oxbhow effect. It

should be ible to design a roll with
cummllﬂrﬂﬁ d henting or cooling
which would compensate for the differ-
ent thermal expansion co-elMicients of
the core and chill lron, and thus elimi-
nate the axhow cffect twinlly,
Meihad 3: Hot grind the roll: With the
roll heated to operating temperature
on the grinder, the stresses that create
the oxbow effect are already present.
They are due (o the difference in ther-
mal expansion co-efficients in the chill
irom versus the core iron. When the roll
ls ground, this contribution w the
oxbow effect is also ground off

This method, in ¢ombination with
Method 2, will eliminate all sources of
the oxbow effcct. However, the coniri-
bution to the oxbow effect due o the
different thermal expansion co-effi-
cients is minimal, thus hot grinding is
not very cifective.
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Method 4; Compensate using grinder:
In i simplest form the end of o roll is
dubbed by an appropriate amount to
relieve sheel pinching. This methaod s
unually adeguaie but can be refined if
veequired. The cold ground shape of the
roll can b calculated in siich a way that
the oxbow effect would straighten the
roll under operating conditlons. A
numerically controlied grinder = enw-
isloned o produce the exact thape
required on the cold roll for a given aot
of operating conditions,

Method 5 Use a welldesigned roll: 1f
the manufacturer knows the exact
opemting purameters of the calender,
and the required hear transfer co-cffi-
cien, he can design the end of the roll
o minimize the temperature rise, Ide-
ally, the design band should be wide
enough to allow for the normal opemt-
Ing conditions in that partdcular calen-
der stuck. The deslgner can direct the
miternal foid fAow correcily, and judi-

clonaly place inmilation in appropriate
localions 1o minimize heating of the
roll ends,

GHHILUSIHIS

The beit design of a calender roll
using conventional heating from. a ther-
mal and distortlon point of view b one
that has the least thermal resstance. In
this reapect the tripass moll ks clearly the
ket performer, having o lower thermal
reststanes than any other calender roll.
Internal induction heated calender
rolls have similar thermal resistance to
that of displacement body rolls. They
make the same contribution to the
oxhow effect from the radial empera-
ture gradient.

To minimize deformation, the bes
method of heating a calender roll is by
surface heating. This eliminates the
coniributions to the oxbow effect from
hot roll interior and hot roll ends and

may even he used to compensate far
the low co-efficient ol thermal expan-
vion on the roll surface. It has the
added potential advantage of being
able o mcorporate caliper profile cor-
rection within the sysiem. The rall
design would be simplificd since it
woald not have to te the heat-
ing passages of the conventional rolls
bt the totel calender design would be
bulkier due to the external henaters
required for surface heating.

All designs of rolls under most af
the operating conditions encountered
in this survey had some degree of end
heating. The magnitude of the end
heating varied with the opemting con-
ditions and roll consrueton; 15°C dif
ference was not uncommon. [f roll
diameter could have been measured it
would have been found that all the rolls
had some degree of the oxbow effect. If
the increase in roll diameter associaied
with this effect is outside the edge of
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the paper it will have no effect on the
paiper quality:

Finally, before ralls are purchused by
a mill, it should be aseertiined that the
designer hax 1alien their particular
operating conditions into considera-
thon, Designing the roll 1o minimize the
probilems sssociated with 'the oxbow
effect is essenilal

(cxnowiencements
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Tripwss rudlz; Since there s no shape fac-
tor readily svailable o calcolate the
thermal resisiance of a tripass roll an
expression i derived. Using symmetry,
the rall can be divided into pic shaped
sections with ane tripaas bare hole per
section m shown in Fig. 11. The majori-
ty of ihe heat flow is through the sec-
tian af the bore hole that is closest (o
the roll surface. Bicylindrical co-ordi-
nates ¢an be vaed (o sobwe for the heat
flow i we assume that all the heat flow
aeeurs in the reglon bounded by nj. Mg,
Wy, Bnd e, Thia gives a high estimate
for the thermal reslstance ginee the
remainder of the bore hole trunsmits
hean energy as well The upper bound
af the dimemionless thermal resistance
i hicyfindrical co-ardinates of this weg-
ment s given by Yomnovich (5] ax

REL = (ny-ng)/ (v W) (1)

and the remainder of the parameters
on the right hand side ol the equation
are defined as:

i = sknhd [ (w2112, =12 (2)
Wy =cos? [cash(ny) - {a/x) sinhing 1(3)
W=2ﬂ-'¥l (4)

The remainder of the pammeten
are piven by the lollowing relationships
with the aid of Fig, 1%

w‘l{rzt-rll—it}ftiﬂ (5}

wa = {re- 1 ¥ +5%) /(%) {6)

alewlonlawt-rs? (7

X=wy + Tp cos(f - 8) (&)

For the dimensions given in the icxt,
REL = 0.561. With 3 uniftrm thermal
conductivity of 36.3 W/({mK), and 15
segmenits in parallel. the resismnce i
1.08x102 K/W per metre roll length.
This npprosdmaie solution was checked
usinng finile element analysis which give

Tas B

the thermal resistance as 0.87x103
E/W per metre roll length, Thus the
approximate solution is high by 18%.
DHsplacement body rolls: The dimension-
lesa thermal resismnce for displacemeont
bady molls s available in standsrd hand-
books | 4] ax
REL = In(r, /) /{En) (3]
For a 610-mm diameter roll with a
152.4-mm shell thicknesa, the thermal
resistance s S.0Hx107Y BAW per metre
roll length, If instead the roll has a
101.6-<mum shell thickness, the thermal
r:ai:l.l.u.nr.e is nlmost halfl at 176109

@rrm 2

Accurate material properiies and
boundary conditions are required 1o
create & mode] of the calender roll end.
The calender roll |s construcied so that
the outer surface is cooled mapidly 1o
make it very hitrd. Thus the roll can be
considered to have three different
materials, Fig. 2 The core, mottle, and
chill ron have the thermal and siroe-
tural pertics as shown in Table L

cfrﬂl and moltle layers were each
I.lltlll.'l!ﬂ 1o be 19 mm thick,

The distribution in the
calender roll needs to be calculated
before the resilting structuml deforma-
tion can be calculated. Thus the ther
mial boundary conditions also need to
be accursiely specified. MeAdums {5]
gives the heat tranifer co-efMficlent for
heat flowing outward in an annulug s

(B (e G P/ (jay /) 14

= 0.028/ (Re)2 (10}
which s used for the hest flow inm a
displacement body rall, In this equas
tian, h ls the convective fitm co-efficent
ta be solved. Reynolds number uses the
bydraulic radius, which s four times
the cross sectional area divided by the
towml wetted perimeter. This value can
be verified by mbles in the Hendbook for
Heat Traefer [4]. MeoAdams [B] gives
the film co-efliclent in @ pipe, which is
used in the journal bore and tripas:
rolls, to bes

Nu = 0,029 Re0E prlA {11}
where Nu Is the Nusselt oumber from
which the convective film co-efficient
can be calculated, The heat transfer
fram the roll ends to the surrounding
alr ks given by Fechner [6] as

Nu=0.0296 (Re}08  (12)
The length scale and veloclty used in
number are the local disme-

ter and the surface velocity of the roll,

The final heat transfer co-eHicient
necded is that of the wrapped portion
of the roll. Sinee only one half of the
circumference of the roll is wrapped,
the hear can flow from the roll to the
air, or from the roll to the paper wrap-
ping it, and also from the roll to the
paper in the nip.

Kerekes [7] has shown that the heat
traneler 4o the alr is small compared 1o
the heat fow o the paper. Powell and
Strong [8] guote o value of 284
w,.r’i.'m for the heat Oow from dryers

with moisture level similar w
11:11 in a calender stack. Kerekes [7]
has shown that 33% of the heat flow
occurs in the nip if two yolls of uniform

re are used, which would pre-
dict a value of frimwﬂfitm on the
wrapped portion e

Burnside and Crotogino [8] mea-
sured the hear ransfer on a wrapped
calender roll with no nip a3 & function
of the paper bulk. This was correluted
in two wayx As o contact reshitance and
paper thermal conductivity; and com-
bined as an effective thermal conductiv-
itw. The cffective contact resiatance
between the surface of the cilender roll
and the side of the paper away from the
calender roll ks what is required here.

This Includes the actual contact
resistance and the canductivity, It
can be obtmined from the effective con-
duetivity quoted a= k, = 0.069 -
0.0085(bulk) where bulk is given in
emB/g and k, In W/ (mK). This can be
rewritten in terms of an effective con-
tact conductance aa by, = ky/t where tis
the puaper thickness. Then the film co-

efficient for the wapped portion of the
roll is given by:

by, = (0,069 - 0,0085 (bulk)) /1 (13)
with units of W/ {m2K) when t has unlts

TABLE |, THE STRUCTURAL AMD THERMAL PROPERTIES OF A CALENDER ROLL

Yﬂﬂg‘lnﬂaﬁu {GPa) DIE
hhudlmlr Sm3) 7654
| Jhﬂ L] 2.0

EEOATION
Thesmal eonductivity [W/[mK]] 20.74
Specific heot [1/{kgk]] 5B6.4

131 103 207

0.27 0.37 0.3
7583 7334 7835

.9 10.8 1.0&
3115 45 58 4817
5444 s2a 4285
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ol meters. The wemperare difference
used aerois this flm co-efficient s the
temperature between the oumide sur-
face of the calender moll and the tem-
porature megsured on the owside sur-
face of the paper. Using typleal bulk
anel l;'ahpr: values for uncalendered
newsprint of 48.8 g/m? hasis weight
and culiper of 150 pmn a filmn co-
efficient of 286 W/ (m<K}. Using the
wine nlp correction factor of 3% oi-
et proviously 11\!1 ihe film co-efficient
as 420 W/ (meK}, very similar o the
vahic used by Powell & Swong [8] loc
ther wrapped portion af the moll.

These heat trandfer co-elTicients are
only valid for the wrapped portion of
the calender roll. In practice only hall
of ithe roll i wrs , thua the heat
tranaler co-elficlent for the model
wauld be hall of the wines listed here
Thua the heat tranafer co-cllicient
would be slightly higher than 200
W/ im?K) for uncalendered paper

As the paper & calendered and the
bulk is decreased, equation 12 shows
that the film co-efficient increases, if
the web tension i held consane. The
web tetisdon thal was wsed to obimin this
relationship [B] wai not reported.

Based an obserwmtions of bagging n
the lower mips of highly loaded calen-
der smcky, the paper tension actually
decremses as it goes through a alender
stack, This tension reduction will
derrease the film co-efficient =0 it may
be reasomable (o asspme that the heat
transfer will not decrease in proportion
ta the caliper reduction.

The fnul pammeter 1o be evaluared
is the thermal contact resistance
between the shell and the jouwrnal. This
wai not done for the analynis reparied
here but the information for the con-
tarl regsmnee of turned surfaced can
be abitained from Yovanovich [10].

mﬁl! NCLATURE

o - parameter on Fig. 12
bk - inverse of paper deminy [an®/g]
-specific heat il consmnt pressure

lf dizmeter for pipes, or
4{ crosssbctional aren) /(o] wetted
perimiler)

G - muass velocity (pU)

i - eanvective film co-efficient

k - thermal conductiviey

K -temperature [Kelvin]

L - roll tength

PULP & PAPER CANADA 83:2 (1882)

Wit - Nusselt N, (hD/K)
Pr - Prandtl No. {pep,/k)
K- thermal resistance

Re - Reynolds No.{UDfu)
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ol metens. The wemperaiure difference
used across this film co-elficient s the
emperature between the oumside sur-
face af the calender roll and the tem-
porature measured on the oulside sur-
face of the paper, Using typleal hulk
and caliper values for uncalendered
newsprint of 48.8 g/ m® basis welghi
and caliper of 150 pin a film ce-
efficient of 286 W/{m=K}. Using the
same mip correction factor of 38% di-
ed proviously gives the film co-efficient
aa 420 W/ (mEK), very similar o the
value used by Powell & Swong [#] for
the wrupped portion af the roll.

These heat tranifer co-tllicients are
only valid for the wrapped portion of
the calender roll. In practice only half
of the roll ts wrapped, thus the heat
tranaler co-elficlent for the model
woidld be hall of the wines listed here
Thus the heat wanaler co-eilicient
would be slightly higher than 200
W/ im?K) for uncalendered paper,

As the paper i calendered and the
bulk is decreased, equation 12 shows
that the film co-efficient increases, if
the web teagion s held consmne The
web tension thal was used to obwmin this
relutionship |97 wai not reported.

Based on obasrvations of ba
the lower nips of highly load call:n-
der stacks, the paper tension actually
decreaes as it goes through a @lender
stack. This tension reduction will
decrease the film co-efficient so it may
be reasonable (o assume that the heat
rransier will not decrease in proportion
te the caliper reduciion.

The final parameter 1o be evaluated
is the thermal contact resistance
between the shell and the journal. This
was nat done for the analynis reported
here but the information for the cor-
tacl resitance of wrned surfaces can
be obizined from Yovanovich [10].

mﬂ'li NCLATURE

§ - parsmeter ofn Fig. 12
bulk - inverse of paper demity [om/g]
-specific heat il consmnt pressure

lf diameter for pipes, ar
4{criizabctional aren)/{total weiled
pesimiter)

G - s, velocity (pU)

h - comvective film co-efficent

k - thermal eonductiviey

K- temperatuce [Kelvin]

L - roll length

PULP & PAPER CANADA 93:2 (1882)

N - Nusselt No, (WD/K)
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