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Correspondence Address: 
DERGOSITS & NOAH LLP A device for effecting heat transfer from a ?rst ?uid medium 
Suite 1450 to a second ?uid medium and for enhancing mixing and 
Four Embfllrcadero Center uniform distribution of the second ?uid medium Within the 
San Franclsco’ CA 94111 (Us) con?nes of a conduit. The device includes providing a core 

_ pipe for receiving the ?rst ?uid medium and a series of 
(21) Appl' NO" 10/686’386 helically Wound tubes in ?uid communication With the core 

(22) Filed: Oct 14’ 2003 pipe along the longitudinal axis of the conduit. The second 

(51) 

Publication Classi?cation 

Int. Cl.7 ...................................................... .. F28D 7/10 

?uid passes Within the conduit and is mixed by virtue of the 
static mixing effect of the helically Wound tubes and engages 
in heat transfer as a result of the intimate contact betWeen the 
second ?uid, the core pipe and the helically Wound tubes. 
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FIG. 2 .PRIOR ART 



Patent Application Publication Apr. 14, 2005 Sheet 3 0f 7 US 2005/0077034 A1 

Qm. .QI 



Patent Application Publication Apr. 14, 2005 Sheet 4 0f 7 US 2005/0077034 A1 

w OE 

80% . 
on 52.5%. 3 

Q\ / n 

‘56 ‘ JJ 5%: 

T I .. . i , . wiwi. 4| 
.5331 . . . . E 5300mm 

. \ bmiwwma @252? Mme ~¢ L 1!; 

zoFuwzzou t u i P h - . ~ ‘ t \Fi 

325m 2252 



Patent Application Publication Apr. 14, 2005 Sheet 5 0f 7 US 2005/0077034 A1 

LAYER #1 o 750 1/2"o.0. TUBING 

I 

(A) U1 

‘ Y 

v ‘31 
o 

u 
' W? 

'01 '8 
2 —e 

1.000 
LAYER #2 

1.500 , 

‘II! ,0 A £69, 2 2 

LAYER #3 



1.500 

Patent Application Publication Apr. 14, 2005 Sheet 6 0f 7 US 2005/0077034 A1 

.300" 

.550" 

/ 

\_ \ 

‘0v 
Q. 

1.750 B.C.D. 

FIG. SD 

.339" 

2.000 / k 
q, 

if \o' 

W 

2.250 B.C.D. 

FIG. 5E 



Patent Application Publication Apr. 14, 2005 Sheet 7 0f 7 US 2005/0077034 A1 

fee 
5 v' i E | 

v.1 I 
E - l 

, 
, . 

- /////////2 

FIG. 6C 



US 2005/0077034 A1 

STATIC MIXER-HEAT EXCHANGER 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention is directed to a device for 
effecting heat transfer from a ?rst ?uid medium to a second 
?uid medium and for enhancing mixing and uniform distri 
bution of the second ?uid Within the con?nes of a conduit. 

BACKGROUND OF THE INVENTION 

[0002] It is notoriously Well knoWn in the processing of 
?uid streams to employ static mixers and heat exchangers as 
enhancements in promoting product uniformity and adjust 
ing product temperature. Mixers can contain active elements 
such as paddles and rotors although it is quite common to 
provide static elements Whereby the turbulent ?oW of the 
?uids in and around these elements enhance ?uid mixing 
Without the need for moving parts Which inherently add to 
the cost of the mixing operation both in terms of poWer 
requirements and labor intensive maintenance procedures. 
Many static mixers rely on a mixing element con?guration 
that presents a set of interstices to the product ?oW. Elements 
of this type divide a ?uid stream along the mixing path and 
recombine locally created sub streams into a more homo 
geneous mixture. 

[0003] It is further common to contain Within a conduit a 
series of tubes or pipes to effect heat transfer betWeen a 
product stream and a ?uid medium contained Within tubes in 
contact With the ?oW of ?uid product. 

[0004] It has long been knoWn that reduction of the 
internal ?lm coef?cient of the moving ?uid product as it 
contacts the tubes or pipes of a conventional tube and shell 
heat exchanger is advantageous for reduction of the internal 
?lm coef?cient enhances heat transfer. In this regard, refer 
ence is made to FIG. 1 shoWing a conventional tube and 
shell heat exchanger 10. In this con?guration, the product 
enters ori?ce 13 at the upstream end of the heat exchanger 
and exits at ori?ce 14. Heat transfer medium enters the heat 
exchanger at ori?ce 16 and travels in a counter?oW direction 
Within the heat exchanger to exit at ori?ce 15. Devices, such 
as metal strips 17, are frequently installed in the tubes or 
pipes of such conventional tube and shell heat exchangers in 
order to enhance the internal ?lm coefficient at its inside tube 
Wall. Such devices can be tWisted strips of metal or static or 
motionless mixers. As noted, the major resistance to heat 
transfer is due to What is called the “?lm coef?cient” at the 
inside Wall of the tubes Where the product velocity is loW. 
The cooling or heating medium ?oWs Within tubes 19 While 
the product travels over the outside of the tubes in area 12. 
It has been determined that the improvement in heat transfer 
obtained by tube inserts for laminar ?oW applications is 
usually in the range of tWo to ?ve times. HoWever, the use 
of such devices signi?cantly increases the pressure drop 
experienced and thus one using such expedients must pay a 
price. 

[0005] FIG. 2 shoWs yet another conventional device 
employed as both a heat exchanger and static mixer. Device 
20 relies upon a different design concept than the conven 
tional tube and shell heat exchanger of FIG. 1 in that the 
product of interest is introduced Within conduit 23 at 
upstream end 21 While the cooling/heating medium is con 
tained Within tubes 24. It is further noted that the linear tube 
structure shoWn as element 11 of FIG. 1 is replaced by tube 

Apr. 14, 2005 

structure 24 in the form of a static mixer built of tubing 
instead of sheet metal. HoWever, it has been determined that 
the device shoWn in FIG. 2 does not provide a good 
utiliZation of the exchanger shell available volume, less, in 
fact, than the conventional tube and shell heat exchanger. 

[0006] It is thus an object of the present invention to 
provide a device in Which a moving ?uid product is both 
mixed and subject to heat transfer as a result of its contact 
With a ?uid medium employed for that purpose. 

[0007] It is a further object of the present invention to 
accomplish the above-referenced objects While, at the same 
time, improving the ef?ciency of such a device dramatically 
as compared to devices offered for this purpose commer 
cially. These and further objects of the present invention Will 
become more readily apparent When considering the folloW 
ing disclosure and claims. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a device for 
effecting heat transfer from a ?rst ?uid medium to a second 
?uid medium passing Within the con?nes of a conduit. The 
device comprises an inlet for receiving and an outlet for 
discharging the second ?uid medium. The conduit further 
has a substantially circular cross section and longitudinal 
axis. The device further comprises a core pipe having a 
diameter and substantially circular cross section, the core 
pipe being located along the longitudinal axis of the conduit. 
The device further includes a series of tubular members, the 
?rst tubular member being helically Wound upon the core 
pipe and radially extending from the core pipe and includes 
at least one additional tubular member also helically Wound 
upon a previously applied helically Wound tubular member 
Wherein all Windings of each tubular member are uniformly 
and equally spaced along the helically Wound tubular mem 
ber, the Windings being applied at approximately equal 45° 
angles to the longitudinal axis so that each turn of a tubular 
member forms an interstice With a turn of an adjacent tubular 
member of approximately 90°. The various tubular members 
and core pipe are in ?uid communication having an inlet to 
receive the ?rst ?uid medium and an outlet to discharge the 
?rst ?uid medium. The device is further characteriZed 
Wherein each tubular member is siZed With respect to the 
core pipe such that the ratio of the diameter of the core pipe 
to the diameters of the tubular members are substantially 
Whole numbers, and the spacing betWeen starts of all tubular 
members are substantially equal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a prior art depiction, in cutaWay plan 
vieW, of a conventional tube and shell heat exchanger. 

[0010] FIG. 2 is a perspective cutaWay vieW of a modi?ed 
tube and shell heat exchanger, Which represents the current 
state of the art. 

[0011] FIGS. 3A to 3C depict, in plan vieW, the step-by 
step construction of the presently con?gured invention. 

[0012] FIG. 4 is a cutaWay plan vieW depicting employ 
ment of the structure shoWn in FIG. 3 Within a conduit for 
accomplishing the goals of the present invention. 

[0013] FIGS. 5A through 5E depict an example of appro 
priate helical tube application to a core pipe focusing on the 
geometry and spacing of the various elements in practicing 
the present invention. 
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[0014] FIGS. 6A, 6B and 6C are various views of a 
preferred feed system for the second ?uid entering the 
conduit for mixing and temperature modi?cation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] As noted previously, the present invention is 
directed to a device for effecting heat transfer from a ?rst 
?uid medium to a second ?uid medium and for enhancing 
mixing and uniform distribution of the second ?uid medium 
Within the con?nes of a conduit. This can perhaps best be 
visualized by referring to FIG. 4. Device 40 is shoWn as 
consisting of conduit 41 having a cross section and longi 
tudinal axis 42. The conduit is provided With an inlet 43 for 
introduction of the ?rst ?uid Within conduit 41 and an outlet 
44 for passing the ?rst ?uid from the conduit. The conduit 
further is provided With inlet 45 for the introduction of the 
?uid product as Well as doWnstream exit 46 for passing the 
product ?uid from conduit 41. 

[0016] Referring further to FIG. 4, the device is provided 
With core pipe 47, Which is also depicted as element 47 in 
FIG. 3. As shoWn, the core pipe is located approximately at 
longitudinal axis 42. The device is further provided With a 
series of tubes Which, for the sake of simplicity, are not 
shoWn Within FIG. 4 but Which are contained in area 48. As 
Will be discussed in more detail, these tubes are helically 
Wound around core pipe 47 and each is con?gured to carry 
the ?rst ?uid medium. 

[0017] In operating the device of FIG. 4, it is noted that 
the heating or cooling medium enters at 43 at the upper 
left-hand ?ange and ?oWs via an outer jacket 49 to the 
output end of the conduit Where it enters core pipe 47. The 
medium ?oWs in core pipe 47 through the center of the 
conduit and to the end of the Winding assembly Where the 
product to be heated or cooled enters at 45 to ?oW over the 
outer surface of the tube assembly contained Within area 48. 
Appropriate tube connections take the ?rst ?uid from the 
core tube and distributes it to the Winding assembly. This 
?rst ?uid ?oWs through an inlet to the core pipe and on to 
the tube assembly Where another set of tube connections at 
the doWnstream end of the Winding assembly join the pipe 
providing for ?rst ?uid exit at 44. In the embodiment shoWn 
in FIG. 4, the doWnstream end of core pipe 47 is plugged 
and rests against retainer cross 50 Welded or otherWise 
connected to the conduit housing. Retainer cross 50 prevents 
the tube assembly from extrusion out of the housing by 
forces produced by pressure drop across the tube assembly. 
As per standard practice, ?anges are provided at the extremi 
ties of the conduit so that the tube assembly can be discon 
nected to alloW the entire structure to be removed as required 
for inspection, cleaning and repair. 

[0018] The tube Windings to be contained Within area 48 
of FIG. 4 Will noW be described in some detail. 

[0019] The addition of multiple and consecutive helically 
Wound layers of tubing upon core pipe 47 is shoWn in 
consecutive FIGS. 3A through 3C and discussed With 
regard to FIGS. 5A through 5E. Speci?cally, FIG. 3A 
shoWs a single tube 32 Wound in a helical fashion about core 
pipe 47. Additional Windings are shoWn in FIG. 3B Wherein 
tubes 32, 33 and 34 are shoWn Wound about core tube 47 
each bearing the same sign. Finally, FIG. 3C depicts core 
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tube 31 having tube Windings 32, 33 and 34 of one sign and 
tubes 35, 35, 37 and 38 also helically Wound about core tube 
47 of an opposite sign. 

[0020] FIG. 3C shoWs the preferred manner in Which the 
various series of tubes are Wound about a core pipe. Spe 
ci?cally, as noted, each of the tubes being helically Wound 
around the core tube is Wound at equal and uniform angles 
to the longitudinal axis of the core pipe. In addition, each of 
the tubes is composed of a series of helical turns, each turn 
being approximately 45° to the longitudinal axis. As such, 
Where each of the tubes is of a helical sign opposite to an 
adjacent tube, interstices are created betWeen adjacent tubes 
of approximately 90°. 

[0021] As noted previously, a characteriZing feature of the 
present invention is providing a series of tubular members 
Wound about core pipe 47 comprising a ?rst tubular member 
Wound directly upon the core pipe, and radially extending 
from core pipe 47 is at least one additional tubular member 
containing segments 35, 36, 37, 38, etc., built upon previ 
ously applied core pipe starts 32, 33, 34, etc. It is further a 
design feature of the present invention that all of the 
Windings of each of the tubular members be uniformly and 
equally spaced along each helically Wound tubular member. 
In this regard, reference is made to FIGS. 3B and 3C, noting 
that spacing a, a‘ and a“ Will all be substantially equal. 

[0022] Reference is next made to FIGS. 5A to SE. In this 
regard, it is noted that a design feature to further enhance the 
performance of the present invention is that each tubular 
member be siZed With regard to the core pipe such that the 
ratio of the diameter of a core pipe to the diameters of the 
tubular members be substantially Whole numbers, and that 
the spacing betWeen tubular members starts be substantially 
equal. In order to appreciate these various concepts, refer 
ence is made to FIGS. 5A through 5E, read in conjunction 
With the folloWing example. 

[0023] Reference is ?rst made to FIG. 5A shoWing in 
cross section an end vieW of core pipe 47 and ?rst tubular 
member 32. 

[0024] If DWT=the diameter of various helical tubular 
members, chosen as, for example, 1A“ and DcT=the core pipe 
diameter chosen, for example, as 1/2“, knoWing that DCT/ 
DWT=R alloWs one to make certain design and engineering 
decisions. 

[0025] Practical Winding techniques have shoWn that a 
value for R=11/z is manageable, but With great dif?culty, 
While making R=2 is fairly easy, so it is established that 
DCT=2DWT. This makes it mechanically convenient for the 
?rst Winding layer to have four starts. 

[0026] For a static mixer to be effective, uniform spatial 
distribution of the interstices Where stream division occurs is 
a de?nite design goal. To do this, the distance betWeen 
adjacent Windings of a given layer are to be the same and 
have a 45° Winding angle relative to the longitudinal axis of 
the assembly. This Will make the interstice angles betWeen 
one layer of tubular members and the next equal to the 
optimum value of 90°. 

[0027] If DBC is the “bolt circle” diameter of a given tube 
Winding as seen from an end vieW Where helically Wound 
tubular members have been straightened from an angled 
Winding to one Whose ends are parallel to the assembly axis, 
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as shown in FIG. 5A, the ?rst layer having four tubular 
Windings 32 results in a bolt circle circumference of rcDBc= 
rc(0.5+0.25)=2.356. This results in a distance along the 
centerline of the bolt circle betWeen adjacent turns of 
2.356/4=0.589. 

[0028] Turning to FIG. 5B, if the next layer of tubular 
members is chosen to have seven starts, the distance along 
the bolt circle centerline betWeen adjacent turns is 0.561 
Which results reasonably close to the value of 0.589 calcu 
lated for the ?rst layer. 

[0029] At layer 3 (FIG. 5C), a bolt circle diameter of 1.75 
is calculated. Nine starts provide an adjacent turn separation 
of 0.611 While ten starts (FIG. 5D) provide a value of 0.550. 
Based upon these calculations and the desire to provide, as 
a design goal of the present invention to have substantially 
equal spacing betWeen tubular members, at this layer of 
tubes, one Would have selected ten starts rather than nine as 
this provides a number closer to the bolt circle values of the 
adjacent layers. 

[0030] On layer 4, tWelve starts (FIG. 5E) provide a value 
of 0.589 Which perfectly matches the value calculated for the 
?rst layer. 

[0031] In fabricating the device of the present invention, it 
is contemplated that core pipe 47 be assembled in ?uid 
communication With various layers of tubular members as 
shoWn. Once the sub-assembly has been completed, it is 
copper braZed in order to improve its ?uid dynamics and its 
heat transfer characteristics When nested Within the conduit. 

[0032] As a further design goal, it is contemplated that the 
device of the present invention be provided With a plurality 
of inlets for the second ?uid proximate the inlets of the 
conduit that are uniformly spaced about the periphery of the 
conduit. In this regard, reference is made to FIGS. 6A, 6B 
and 6C. Conduit 62 is provided With an outer jacket 67 
having pipe member 61 for feeding the appropriate second 
?uid that can be a multi-component liquid feed stream that 
Would bene?t from the heat transfer and mixing character 
istics of the present invention. To ensure optimiZation of 
heat transfer and mixing functions, the second ?uid is 
introduced along pathWays 66 entering conduit 62 through 
openings 63, 64 and 65 positioned 120° apart along the 
circular cross section of conduit 62 as best visualiZed by 
reference to FIG. 6B. Ideally, from the standpoint of ?uid 
mixing and heat transfer maximiZation, the diameter of the 
core pipe is selected to be approximately tWice the diameter 
of the tubular members Whereby the ?rst layer of tubular 
members helically applied to the core pipe are four in 
number and three inlets as depicted in FIGS. 6A to 6C 
provided for introducing the second ?uid to the interior of 
the conduit. 

[0033] In appreciation of the example, Which folloWs, the 
folloWing recited terms have indicated meanings: 

[0034] L=overall length of mixer-reactor 

[0035] dc=outside diameter of core pipe 

[0036] =inside diameter of ?rst layer Winding 

[0037] dt=diameter of tubing 
[0038] n=layer number 
[0039] dn=inside diameter of layer n 
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[0041] Ideally, as noted above, it Was established that 
dc=2dtz 
[0042] then, dn=2dt+2(n—1)dt=2dtn Wherein 

[0043] Pn=pitch of one turn of layer n 

[0044] =rc><turn inside diameter 

[0046] N=number of turns in length L 

[0049] Basic Design Numbers for 10“ OD. Unit 

[0050] Core diameter dc=2.00“ 

[0051] Tube diameter=1.0“ 0D. with 0.065“ Wall 

[0052] 
[0053] Tube length for each coil for each start of all 

layers=98“><\/2 With Zero Waste 

[0054] Outside diameter of ?nal assembly=10.0“ 

[0055] Total tubing length required=30><96><\/2= 

Active length of mixer/reactor=96“ 

4072“ =339‘ 

LAYER TURN-TO-TURN 
NO. I.D. TURNS PITCH STARTS DISTANCE 

#1 2 15.28 6.28" 3 2.09" 
#2 4"" 7.64 12.57" 6 2.09" 
#3 6 5.09 18.85" 9 2.09" 
#4 8 3.82 25.13" 12 2.09" 

[0056] Since turn to distance is a constant=pitch/starts, the 
number of interstices throughout the volume is a constant. 

[0057] Total number of tubes=30 

[0058] Total tube area outside=30><rc><1><96><\/2/144= 
88.9 ft2 

[0059] Area from core tube=rc><2><96/144=4.2 ft2 

[0060] 10“ housing area contribution=rc><10><96/144= 
20.94 ft2 

[0061] Total exchanger area=114 ft2 

[0062] This design can be compared With a conventional 
shell and tube exchanger having 42 tubes1 each having an 
inside diameter of 0.87“. 
This design value is taken from pages 11-15 of the 5‘h Edition of The 
Chemical Engineers Handbook. 

[0063] The neW design then has a surface area advantage 
by a factor of 1.49 or 45%. 

[0064] The design detailed here produces Windings that 
cross each other at an angle of 90° and at 45° to the axis. 

[0065] In addition to the signi?cant advantage in surface 
area provided by this design, the static mixer system created 
by the helical Windings Will also improve heat transfer 
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giving an overall advantage over the conventional shell and 
tube exchanger of three to ten times. 

[0066] In addition to the heat exchange area increase 
provided by the helical Windings, there is yet another 
advantage. The static mixer effect is achieved at the tube 
external surfaces, Which is knoWn to enhance heat transfer 
by a signi?cant factor of three or more. This is achieved 
Without the manufacturing complication and cost of install 
ing mixing elements in tubes. 

[0067] While the principles of this invention have been 
discussed above in connection With several alternative 
embodiments, it should be understood that those of ordinary 
skill in this art might ?nd numerous other applications of the 
principles. Accordingly, the invention is not limited to the 
speci?c exemplary applications described above but may be 
employed in any situation in Which a ?uid is intended to be 
mixed and undergo simultaneous heat transfer. 

What is claimed: 
1. A device for effecting heat transfer from a ?rst ?uid 

medium to a second ?uid medium passing Within the con 
?nes of a conduit, said device comprising an inlet for 
receiving and an outlet for discharging said second ?uid 
medium, said conduit having a substantially circular cross 
section and longitudinal axis, said device further comprising 
a core pipe having a diameter and substantially circular cross 
section, said core pipe being located along said longitudinal 
axis and a series of tubular members, a ?rst tubular member 
being helically Wound upon said core pipe and radially 
extending from said core pipe and at least one additional 
tubular member being helically Wound upon a previously 
applied helically Wound tubular member Wherein all Wind 
ings of each tubular member being uniformly and equally 
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spaced along said core pipe, said Windings being applied at 
approximately equal 45° angles to said longitudinal axis so 
that each turn of a tubular member forms an interstice With 
a turn of an adjacent tubular member of approximately 90°, 
said tubular members and core pipe being in ?uid commu 
nication having an inlet to receive said ?rst ?uid medium 
and an outlet to discharge said ?rst ?uid medium, said device 
being further characteriZed by each tubular member being 
siZed With regard to the core pipe such that the ratio of the 
diameter of the core pipe to the diameters of the tubular 
members being substantially Whole numbers and Wherein 
the spacings betWeen starts of all tubular members are 
substantially equal. 

2. The device of claim 1 Wherein said core pipe and all 
tubular members are copper braZed as a singular assembly ?t 
Within said conduit. 

3. The device of claim 2 Wherein a plurality of inlets are 
provided for said second ?uid medium proximate said inlet 
of said conduit, said plurality of inlets being uniformly 
spaced about the periphery of said conduit. 

4. The device of claim 1 Wherein the diameter of said core 
pipe is approximately tWice the diameter of said tubular 
members. 

5. The device of claim 4 Wherein said ?rst tubular member 
comprises four individual tubes helically Wound around said 
core pipe. 

6. The device of claim 3 Wherein three inlets are provided 
for introducing said second ?uid to said conduit. 

7. The device of claim 1 Wherein bolt circle diameters are 
established betWeen tubular Windings Within each helically 
Wound tubular member, said bolt circle diameters being 
substantially constant throughout all tubular members. 

* * * * * 


