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3,177,932 
ERUMTPE HEAT TRANSFER ASPPARAJS 

Horace L. Sinaiti, Jr., Richmead, Va., assigner to iii. pp 
Corporation, Cievelaad, Oisio, a corporatica of Wirginia 

Fied June 24, 1963, Sea. No. 239,935 
7 Caixas. (C. a65-38) 

This invention relates generally to heat transfer ap 
paratus and, more specifically, to that class of heat ex 
changers commonly known as drum driers. 

Certain wet web materials such as tissue paper, for 
example, are commonly dried on steam heated, revolv 
ing drums known as "Yankee” driers. As shown in 
United States Patent No. 3,061,944 issued November 6, 
1962, to J. J. Kraus et al. for Paper Making Machine, 
the incoming wet sheet passes around a large pressure 
roller which presses the sheet against the revolving heated 
drum, squeezing out undesired fluids and air which would 
otherwise have a deleterious effect on the final product. 
Pressure roll loads are normally in the order of 10-15,000 
pounds and may, due to the conventional Yankee drier's 
lack of rigidity, deflect the central portion of the surface 
of the drying drum, causing a non-uniform application 
of heat and pressure to the tissue paper and a consequent 
lack of final product uniformity. In an average size 
Yankee drier the drying drum may be on the order of 
14 feet in diameter and 15 feet long and the deflection 
caused by the pressure roller may be as great as 0.055 
inch. 
Another disadvantage of conventional Yankee driers is 

that their surface temperatures vary from place to place 
on the drum surface. Non-uniform surface temperatures 
also cause undesirable variances in the quality of the 
final product since the non-uniform temperatures cause 
differential heat losses, resulting in uneven drying of the 
product. 
A third disadvantage of conventional Yankee driers is 

that steam is employed as the heating medium. To 
achieve even a minimal drying rate, the steam must be 
heated to a temperature on the order of 350° F. At 
this temperature steam has a vapor pressure of 135 p.s.i.a. 
This pressure is sufficiently high to require expensive, 
heavy duty system components in order to provide an 
adequate safety factor. 
Numerous attempts have been made to increase the 

resistance of the drying drum to pressure roll deflection 
and to increase the uniformity of the drum's surface tem 
perature. The most successful of the improved prior 
art drum driers is that shown in my copending applica 
tion No. 118,439, filed June 20, 1961, for Heat Transfer 
and Pressure Applying Apparatus and Method of Manu 
facture Thereof. The present invention represents an 
improvement over the drum drier disclosed in my pre 
vious application. It is substantially simpler and more 
economic to manufacture than the drier disclosed in my 
previous application, provides a more uniform surface 
temperature and has a substantially higher resistance 
against pressure roller induced deflection of the drum. 

In general, the novel drum drier of the present in 
vention includes concentrically disposed inner and outer 
shells separated by longitudinally extending, radially 
oriented, equiangularly spaced partitions. The trapezoi 
daily sectioned passages between the partitions are con 
nected by appropriately shaped conduits into two or more 
independent, internested, labyrinthine independent flow 
channels extending around the periphery of the drum. 
A novel heat transfer fluid supply and return system is 
employed to introduce heat transfer fluid into and cause 
it to flow in opposite directions through the two channels. 

Preferably, the locations at which the heat transfer 
fluid is introduced into and removed from the flow chan 
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nels are so selected that the distance through which the 
fluid flows in the two channels is substantially equal. 
Heat losses in the two flow channels will thereby be sub 
stantially equal; and, in addition, the hotter legs of one 
channel will be disposed adjacent the cooler legs of the 
other channel. As a result, the temperatures in adjacent 
channels will tend to equalize and the entire surface of 
the outer shell will be maintained at a highly uniform 
temperature. 

Further benefits of this novel construction are that: 
(1) the resulting drum drier structure is substantially 
more resistant to pressure roller induced deflection than 
any drum drier heretofore provided; and (2) the novel 
drum driers provided by the present invention are sub 
stantially simpler and more economical to fabricate than 
those of the prior art. 

Preferably, the novel drum driers of the present in 
vention are heated by certain liquid hydrocarbons which 
may be heated to temperatures of 500-800 F. and higher 
without boiling or decomposing to a significant extent. 
The heat transfer medium is circulated in liquid form 
at low pressure, eliminating the disadvantages attending 
high temperature steam and yet permitting higher sur 
face temperatures to be attained than is practical in steam 
heated drum driers. 

It is a primary object of the present invention to pro 
vide novel, improved drum driers. 

Another object of the present invention resides in the 
provision of drum driers which are substantially simpler 
and more economical to construct than those presently 
available. 
Yet another object of the present invention resides in 

the provision of drum driers which are substantially more 
rigid and resistant to pressure roller induced deflections 
than those of the prior art. 
Another important object of the present invention is 

the provision of drum driers having more uniform sur 
face temperatures than has heretofore been possible. 

In conjunction with the preceding object, it is a further 
specific object of the present invention to provide drum 
driers having a multiplicity of internested, labyrinthine 
flow channels through which heat transfer liquid may 
be circulated in opposite directions to increase the uni 
formity of the drum's surface temperature. 
A further object of the present invention resides in 

the provision of novel, improved drum driers adapted 
to be heated by a circulating liquid heat transfer medium 
to temperatures several hundred degrees higher than is 
possible in conventional steam heated drum driers. 

Further objects and other novel features of the present 
invention will become more fully apparent from the ap 
pended claims, and as the ensuing detailed description 
and discussion proceeds in conjunction with the accom 
panying drawing, in which: 
FIGURE 1 is a longitudinal section through a drum 

rier constructed in accordance with the principles of 
the present invention, illustrating the fluid supply and 
return systems and their physical relation to the labyrin 
thine flow channels adjacent the periphery of the drier; 
FIGURE 2 is a section through the drier of FIGURE 

1, taken substantially along line 2-2 of the latter figure, 
showing the interrelation of the fluid return system, the 
flow channels, and the U-shaped tubes employed to trans 
fer fluid between legs of the flow channels; 
FIGURE 3 is a view similar to FIGURE 2, taken 

substantially along line 3-3 of FIGURE 1, showing the 
interrelation of the fluid supply system, the flow chan 
nels, and the fluid transfer tubes; 
FCURE 4 is a perspective view of one of the U 

shaped fluid-transfer tubes employed in the drier of FIG 
URE 1; . . . . . . 
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FIGURE 5 is a section through the drier of FIGURE 
1 taken substantially along line 5-5 of the latter figure, 
illustrating portions of the fluid supply and return Systein, 
the inner and outer drum shells, and the radially oriented 
partitions by which they are separated; and 
FIGURE 6 is a development of the flow channels. 
Referring now to the drawing, FIGURE 1 shows a ro 

tatable drum drier 10 having an outer cylindrical shell 
12 of heat conductive material, preferably cast iron, and 
an inner cylindrical steel shell 14 separated by longi 
tudinally extending, radially oriented, steel partitions ió 
connected by U-shaped tubes 18 into two internested, 
labyrinthine, flow channels 20 and 22. A fluid Supply and 
return system 24 delivers a heated, preferably liquid, heat 
transfer medium to and causes it to flow in opposite di 
rection through two independent flow channels, thereby 
effecting a substantially uniform distribution of heat to 
the external surface 28 of outer drier shell 2. 
One of the novel features of the present invention re 

sides in employing a high boiling point hydrocarbon 
liquid as the circulating medium, permitting it to be cir 
culated at extremely high temperature in liquid form and 
under low pressures. Consequently, drum drier is may 
be heated to high temperatures and yet it and the other 
heating system components need be designed to withstand 
only very low pressures. Preferred heat transfer liquids 
includes Arcolor 1248 (a chlorinated biphenyl) and Iso 
propyl Santowax (a polyphenyl alkyl), which are pro 
duced by Monsanto Chemical Company and XF1-0184 
(an arylaryloxysilane manufactured by Dow Chemical 
Company). The physical properties and advantages of 
these liquids and a preferred system for heating and cir 
culating them are discussed in detail in my copending ap 
plication No. 237,817, filed November 15, 1962, for High 
Temperature Heating Apparatus to which reference may 
be had if deemed necessary for an understanding of the 
present invention. 

Referring again to FIGURE 1, outer shell 12, inner 
shell 14, partitions 16, and a pair of circular end walls 30 
and 32 are joined as by welding into a rigid unitary struc 
ture which is extremely strong and rigid and highly re 
sistant to pressure roll induced deflections and other loads 
imposed upon drier 10. 

Referring now to FIGURE 6, one pair of adjacent parti 
tions, identified by reference character 6a, terminates in 
spaced relationship to the left-hand end wall 30 of drum 
drier 10. The adjacent pair of partitions, identified by 
reference character 16b, terminates in spaced relation 
ship to the right-hand end wall 32 of the drier. This pat 
tern is continued around the drum drier, each pair of 
partitions 16a being separated by a pair of partitions 16b. 
As is best shown in FIGURES 2, 3, and 6, flow chan 

nel 22 includes alternate straight runs or legs 34a and 34b 
defined, respectively, by the alternating pairs of partitions 
16a and 16b. The U-shaped fluid transfer tubes 13 are 
connected between each pair of partitions 16a and the ad 
jacent pair of partitions 16b, providing fluid communica 
tion between alternate channel legs 34a and 34b. As 
shown best in FIGURE 6, the fluid transfer tubes 8 are 
alternately disposed at opposite ends of drum drier i0 So 
that the heat transfer medium flows alternately to the left 
and to the right through legs 34a and 34b, traveling in a 
labyrinthine or zig-zag through flow channel 22. 
As shown in FIGURE 6, flow path 20 consists of 

straight runs or legs 36, each of which is disposed between 
two of the legs 34a and 34b of flow channel 22. By termi 
nating each pair of partitions 16a and 16b short of the end 
walls 30 and 32 of drum drier 10, passages 38a and 38b. 
are alternately provided at opposite ends of drum drier 10 
between the U-shaped fluid transfer tubes 18 and the as 
sociated ends of the drum drier. These passages allow 
the fluid in channel 20 to flow around the ends of the 
tubes so that it alternately flows to the left and to the right 
through flow channel 20, traveling back and forth in a 
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A. 
labyrinthine or zig-zag path around the periphery of the 
drier. 

Turning now to FIGURE 4, the U-shaped fluid transfer 
tubes 18 may be bent from any appropriate size and type 
of tubular stock. The fluid transfer tubes each consist 
of a pair of substantially parallel, spaced apart legs 40 and 
42 separated by a semicircular, integral connecting por: 
tion 44. Legs 49 and 42 are cut away, providing parallel 
edges 45 and 46 parallel to the longitudinal centerlines 
of the transfer tube legs and a semicircular shoulder or 
ledge 48 oriented normally to edges 45 and 46. 

Referring next to FIGURES 1 and 6, fluid transfer 
tubes 18 are welded to drum drier 10 with the upper ends 
50 of tube legs 40 and 42 sealed against the Outer cy 
lindrical drier shell 12. The edges 45 and 46 of the two 
tube legs 40 and 42 are welded, respectively, to the juxta 
posed ends of a pair of partitions 16a and the juxtaposed 
ends of the adjacent pair of partitions 16b. The trans 
veresly extending ledges 48 of the tube legs 40 and 42 are 
flush with the exterior surface 52 of the drier's inner 
cylindrical shell 4 which is provided with suitable aper 
tures 54 through which the lower portions of tube legs 
40 and 42 extend. The fluid transfer tubes 18 and inner 
shell 4 are connected as by welding to form a fluid tight 
seal. 

Referring again to FIGURE 1, the fluid supply and re 
turn system 24 includes a pair of axially aligned hollow 
axles 56 and 58, fixed to drier end walls 30 and 32, by 
which drum drier 10 is rotatably supported. Fixed to the 
inner ends of axles 56 and 58 and extending longitudinal 
ly of the drier are main supply and main return conduits 
60 and 62 which communicate, at their outer ends, with 
axial flow passages 64 and 66 through axles. 56 and 58. 
The inner ends of conduits 60 and 62 are joined, at a 
point somewhat to the left of the longitudinal midpoint of 
drum drier 10, by a solid cylindrical plug 68 to which 
they are fixed as by welding. 

Referring now to FIGURES 1, 3, and 5, a plurality 
(four in the illustrated embodiment) of radially extend 
ing branch supply conduits 70 communicate with the in 
terior of main supply conduit 60 (to which they are fixed 
as by welding) adjacent its connection with plug 68. At 
their outer ends, conduits 70 extend through appropriately 
sized apertures 72 in drier inner shell 4 (to which they 
are fixed as by welding), into communication with the 
flow channels 20 and 22 defined by partitions 16 and 
fluid transfer tubes 18. 
As best shown in FIGURE 6, two of the branch sup 

ply conduits, 70a and 70b communicate with flow chan 
nel 20 at locations substantially at the longitudinal mid 
point and on opposite sides of drum drier 10. The re 
maining branch supply conduits 70c and 70d, communi 
cate with flow channel 22, also substantially at the longi 
tudinal midpoint of drum drier 10. As best shown in 
FIGURE 6, branch supply conduits 70c and 70d com 
municate with flow channel 22 at points substantially 
equidistantly spaced between the points at which branch 
supply conduits 70a and 70b communicate with flow chan 
nel 26 so that the circulating heat transfer medium is in 
troduced into the flow channels at substantially the longi 
tudinal midpoint of drum drier 10 and at points substan 
tially equidistantly spaced apart around its circumfer 
CCC. 

Four radially extending branch return conduits 74a, 
74b, 74c, and 74d are connected between main return 
conduit 62 and flow channels 20 and 22 in substantially 
the same manner as branch supply conduits 70a-d, and 
are separated from the supply conduits by solid plug 68 
which prevents fluid from flowing from main supply con 
duit 60 into main return conduit 62. 
As shown in FIGURES 1 and 6, branch return con 

duits 74a and 74b communicate with flow channel 20 
at substantially the longitudinal midpoint of drum drier 
10 and on opposite sides thereof. The remaining branch 
return conduits, 74c and 74d, communicate with flow 
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channel 22 at the drier midpoint and at points substan 
tially equidistant from conduits 74a and 74b around the 
circumference of the drier. At their inner ends, branch 
return conduits, 74a-d communicate with the interior of 
main return conduit 62 to which they are fixed as by 
welding. 

Referring now to FIGURES 1 and 6, the heated, cir 
culating, fluid heat transfer medium flows into drum drier 
9 through the axial passage 66 in axle 58, then through 

the longitudinally extending main supply conduit 60; into 
the radially oriented branch conduits 73a-d. The heat 
transfer medium then flows outwardly through branch 
conduits 70a-d into flow channels 20 and 22, respectively. 
At the juncture of each branch supply conduit and each 
flow channel, the stream of liquid flowing into the chan 
nel divides and flows in opposite directions through the 
channel as shown by the arrows in FIGURE 5. The cir 
culating medium then flows into branch return conduits 
74a-d and through main return conduit 62 and the pas 
sage 64 in axle 56 to the exterior of drier 10. 
As a result of the manner in which, the heat transfer 

medium is introduced into, circulated through, and ex 
halisted from drum drier 6, eight flow paths are set up 
in the drier, four in flow channel 20- and four in flow 
channel 22. Two of these flow paths are shown by the 
full and broken lines, identified by reference characters 
76 and 78, respectively, in FIGURE 6. As shown by the 
solid and broken lines 75 and 78, the fluid flows in oppo 
site directions in adjacent legs of channels 20 and 22, 
so that there is true counterflow of the heat transfer me 
dium in and throughout the two flow channels. 

Moreover, as also shown in FIGURE 6, in each pair of 
cooperating flow paths, one of which is in each of the two 
channels 20 and 22, the branch supply conduit 70 (for 
example 70d) through which the heated fluid enters one 
flow path (76 for example) is immediately adjacent the 
branch return conduit (for example 74b) into which much 
cooler fluid flowing from the co-operating fiow path in 
channel 22 (in this case 78) is exhausted. Conversely, 
the cool fluid is exhausted from flow path 76 and flow 
channel 2) through branch return conduit 74d immedi 
ately adjacent the point at which the heated fluid is intro 
duced into the flow path 78 in flow channel 22 through 
branch supply conduit 76b. As a result, the two flow 
paths 76 and 78 have the same length; and, because there 
is counterflow in the two channels 29 and 22, the hottest 
fluid in one flow path circulates immediately adjacent the 
coolest circulating medium in the second flow path. 

Heat is transferred from the hotter circulating medium 
in one channel through the intervening heat conductive 
partition 16 to the much cooler fluid flowing in the adja 
cent leg of the other flow channel so that the temperature 
of the fluid in adjacent legs and at points lengthwise of 
the drier is equalized and heat is transferred to the outer 
cylindrical shell 12 of drier 10 at a highly uniform rate 
throughout its extent. Since outer cylindrical shell 12 
is preferably fabricated of a homogeneous material and 
has a uniform thickness throughout, heat will be trans 
ferred from its inner to its outer surface at a substan 
tially uniform rate; and, as a result, the exterior surface 
temperature of the drum drier will be highly uniform. 
Many modifications may be made in the above-de 

scribed exemplary embodiment of the present invention 
without exceeding the scope of this invention. For ex 
ample, flow regulating devices may be employed in the 
fluid supply and return system 24 to eliminate any minor 
irregularities in flow rate or to permit flow rates through 
drier it to be varied. As a further example, the number 
of branch supply and return exhaust conduits 79 and 74 
may be varied as desired for particular installations. Fur 
ther, branch return conduits 74 and branch supply con 
duits 70 need not be at substantially the longitudinal mid 
point of drier 10 as illustrated, but may be located closer 
to or immediately adjacent end walls 39 and 32 as long 
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6 
as the cooperating flow paths in channels. 29 and 22 are 
of equal length. 
The invention may be embodied in other specific forms 

without departing from the spirit or essential character 
istics thereof. The present embodiment is therefore to 
be considered in, all respects, as illustrative arid not re 
strictive, the scope of the invention being indicated by 
the appended, claims, rather than by the foregoing descrip 
tion, and all changes, which come within the meaning and 
range of equivalency of the claims are therefore intended 
to be embraced therein. 
What is claimed, and desired to be secured by Letters 

Patent is: 
1. Heat exchange apparatus adapted to have a fluid 

heat transfer medium circulated therethrough to heat an 
external surface of said apparatus to a uniform prede 
termined temperature, comprising: 

(a) concentric inner and outer shells of substantially 
equal length, said shells, having a uniform thickness 
and the radial distance between said shells, being sub 
startially greater than the thickness of each of Said 
shells; 

(b) first and second end walls at the opposite ends 
of and extending between the inner and outer shells, 
said end walls being fixed to said shells to provide a 
closed annular passage therebetween; 

(c) radially oriented, longitudinally extending parti 
tions which are members separate from said shells 
between and fixed to said shells, the ends of alternate 
pairs of said partitions being closely adjacent the 
first end wall and substantially spaced from the sec 
ond end wall, and the ends of the pairs of partitions 
between said alternate pairs being closely adjacent 
the second end wail and substantially spaced from 
the first end wall; 

(d) a plurality of fluid conducting means in the in 
terior of said outer shell for conducting fluid from 
the ends of passages formed by the shells, and par 
titions to the next alternate passage and thereby 
dividing the passages between partitions into two 
independent labyrinthine flow channels with adjacent 
passages being in different ones of said flow chan 
nels, said fluid conducting means having first and 
Second legs extending through said inner shell and 
being in fluid communication with the passage be 
tween the partitions in a first one of said pairs and 
the passage between the partitions in the adjacent one 
of said pairs, the legs of said fluid conducting means 
forming closures for the ends of the passages with 
which said legs communicate, one of said legs being 
spaced from the nearest end wall and the other of 
said legs being in contact with the nearest end wall, 
whereby the passages between adjacent pairs of par 
titions are serially connected to form one of said 
channels and the passages between the partitions in 
the pairs of partitions are serially connected to 
form the other of said channels; 

(e) means for directing fluid to each of said channels; 
and 

(f) means for conducting fluid from each of said chan 
nels. S. 

2. The heat exchange apparatus as defined in claim 1, 
wherein the two last-named means comprise a system for 
delivering to and exhausting from said channels a circu 
lating fluid heat transfer medium, comprising: 

(a) a main supply conduit; 
(b) a plurality of branch supply conduits communi 

cating between the main supply conduit and each of 
the flow channels; 

(c) a main return conduit; 
(d) a plurality of branch return conduits communi 

cating between each of said channels and the main 
return conduit; 

(e) the flow paths between the supply and return con 
duits in one of said channels being substantially equal 
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in length to the flow paths in the other of said chan 
nels. 

3. The heat exchange apparatus as defined in claim 2, 
wherein the main supply and return conduits are concen 
tric with the inner and outer drier shells and the branch 
supply and return conduits extend radially from the main 
conduits. . 

: 4. The heat exchange apparatus as defined in claim 3, 
including axles fixed to the end walls of said driers, said 
axles having passages therethrough communicating with 10 
said main conduits. . 

5. The heat exchange apparatus as defined in claim 2, 
wherein the longitudinal centerlines of said branch supply 
conduits and of said branch return conduits are in two 
separate planes, said planes being substantially parallel 5 
to, on opposite sides of, and substantially equally far 
from a plane through the longitudinal midpoint of and 
normal to said drier shells. . . . . . . 

6. The heat exchange apparatus as defined in claim 2, 
wherein the branch supply conduits and branch return 
conduits communicating with each of said flow channels 
are substantially equiangularly spaced, whereby the flow 
paths in each of said channels are of substantially equal 
length. 

3,177,932 
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7. The heat exchange apparatus as defined in claim 2, 
wherein: 

(a) the inlets and outlets to and from the branch re 
turn and branch supply pipes, respectively, communi 
cate with said channels at about the midpoints of said 
passages; and - 

(b) said inlets and outlets are arranged in inlet-outlet 
pairs with an inlet to one of said channels and an 
outlet to another of said channels communicating 
with adjacent ones of said passages. 
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