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1 
ThiSinVention relatestoimprovements in in 

direct heat transfer wherein the transfer is ef 
feCted between two fiuids Separated by a heat 
COnducting Wall,More particularly,the inven 
tioniSCOnCernedwithefectingcontactofat1east 
One of the fiuids With Said Wallin a manner to 
inCreaSe the eficiency Of the heat transfer? 
Important objects of theinVentionare,topro 

Vide for SaidimprovedContact andincreasedefi 
Ciency Of heat tranSfer by producing Waves of 
the nature of Sound Waves in the fuid;to pro 
videfor productionanddirection ofsaidwavesin 
a manner to obtain the maximum desired result 
with aminimum input of power;to providefor 
thepr0duCtion Of8aidWaveSina mannert0aVoid 
Vibration Of an exchanger Structurein Which the 
heat transferis efected;to proyide for employ? 
ment Of the principle of reSonanCe to reinforCe 
the WaVesand furtherinCrease the heat transfer 
eficiency;andtoprovideforsatisfactoryproduc 
tionand utilization of the WaVesin the tube?side 
fuid of an exchanger Wherein One of the fuids 
isconductedthrougha bUndle oftubeS? 
Otherobjectsoftheinvention willappearfrom 

the folloWing deSCription taken With the aCCOm? 
Danying drawingS? - 
In the drawings: 
Fig?1isa longitudinal Section of a heat ex? 

changerequippedforconductingtheheattransfer 
accordingto theinvention? 
Fig,2isa view similar to Fig.1 showing the 

heatexchanger modifedforemployingthe prin 
ciple of resonance? 
Fig.3 isa sectional view of an end portion 

ofthe heatexchangershowinganother modifica 
tion there0ffor employingthe principle of reSO 
Y1811C6? 
Fig.4isasectionontheine 4??of Fig,3, 
Fig,5isa view similar to Fig?1 showing a 

heatexchanger of the U-tubetype equipped for 
conducting the heat transfer according to the 
inVention? 
Fig.6isasectional view of an end portion of 

a heat exchanger of the type shown in Fig,5 
showinga modification there0f, 
Thestructure ofthe exchanger ilustrated in 

Fig.1includesashelwhich may be Cylindrical 
or of other suitableformand has noZZleS2 and 
3forpassingfiuidthroughit,At oneend Of the 
shel1thereisachannelor header formed by an 
annular member ?,a,tube sheet 5 and a COVer 
plate6,Asshown,thetubesheet5isweldedto 
theshel,theannular memberis bojted to the 
tubesheet,andthe cover plate is bolted t0the 
annularmemberwithgaskets betweenthe bolted 
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members?Thesestructuraldetais maybe modi? 
fed,however,At the oppositeend of the Shell 
a,tube sheet 7 is welded or otherwise Suitably 
Secured tothe shellanda bunde of SubStantialy 
naralleltubes 8 within the shelare Connected 
attheir oppositeendstothetube SheetS5and ?, 
respectively?A channel member 9 is bolted Or 
otherwisesuitablysecured overthe outerface of 
the tube sheet 7,With agasket interpoSed,The 
exchanger is shown as Vertical but it may be 
otherwise disposed?The upper Channel haSan 
inlet no2zle19andanoutlet nozzle 1fanda paSS 
partition f2dividingthe channelinto two Com 
partments 13and f4?Nozzle 10 opensinto the 
Compartment 3 and no2Zie 1f OpenS frOm the 
compartment 14,One half of the tubes open 
from the compartment 13andtheother half open 
into the compartment 14,The loWer Channel 
formsasingle chamber with which al of the 
tubes CommuniCate?The tube bundle may be 
substantially circular in Cross Section? 
The channelmember 9 is cup-shapedand has 

asmoothinner Surface 15Whichis paraboloidal, 
or substantially So,This Surface faCesthetube 
sheet T,is Coaxial With the tube bundle and its 
Drojectedarea,is suficient to take in the pro? 
jected area of the adjacent end of the bundle. 
At the focus of the paraboloid Of Said SurfaCe,Or 
approximately so,there is disposed a device #6 
forinitiatingsonic Wavesin the fluid withinthe 
1ower channel,This device may be of any Suit 
able Character,For example,it may beaneleC? 
trically or mechanicaly operated Vibrator or a 
wind instrument,As an electricaly operated 
Vibratorit maybe ofthe piezo-electrictypeem 
Dloyingatransducer of quartZ,Ceramic Orother 
Suitable material,The device is shown as pro 
Vided With atubular SupportingStem projecting 
throughanapertureinthemember 9andSecured 
therein,Wires 1T areShown extendinginto the 
stem t0supplyelectric Current for operatingthe 
device,Inthe operation of the heat exchanger, 
the shell-sidefiuidiscirculatedthroughtheshel, 
via the nozzles 2 and 3,tosurround the tubes 
0f the bundle and,if desired,Suitable bafes,not 
shown,for the fuid may be empioyed within 
theshel,Thetube-sidefuidis passed through 
the nozzle 10,thechannelcompartment 13 and 
Onegroup of the tubes 8to the lower channel? 
Thence,itispassedthroughthe othergroup of 
tubes,the channelcompartment14andthe out 
1et nozzle 1,While Saidfuidsarebeingpassed 
throughtheexchanger,the devicef6iscontinu 
ously operated to initiatewaves of the nature 
ofsound WaVes in the tube-sidefiuid withinthe 
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channel,Some of thesewaveswilbe propagated 
directlyinto the fuid within the tubes?Others 
will paSS to the Surface 5 to be Subjected to 
distributed substantialy parallel refection into 
the fuid Within all of the tubes of the bunde 
to cause a molecularagitationof the fluidand 
assist heat tranSfer by bringing 8,greater QUm? 
ber of moleCules of the fuid into Contact with 
the tube Walland by repetition of Said ContaCt. 
Another purpose of the agitation isto preveQt & 
film of the fiuid from forming on the tube Wal 
and prevent deposit of Solid matter,both of Which * 
redUCe heat exchange eficieggy. 
Waves of Sonic,ultraSOnic or Subsonic fre 

quency may beemployed for Said pUrposes de 
pendingupon the Character of thetubeside fiuid, 
its Operating temperature·and Other factorS? 
Hereinafter in the Specification and claims the 
term“sonic”isintendedt0include Waves ofany 
frequency Which are of the nature of Sound 
WaVeS?The inVention partiCUlarly Contemplates 
the Use of 8,tubesidefiuidingaseousStatesuch 
as Vapors orgaSes of Various kinds?Howeyer, 
liquid may be USed? 
Theinventionfurtherprovidesformounting of 

aVibratordeviceforproducingthe Wavesinapo 
sition Spaced from al parts of the heat ex? 
changer,asShoWninthe drawing,t0aVoidtrans 
rnission of the Vibrationsto the heat exchanger 
Structure and poSSible damage thereof,The 10? 
Cation of Saiddevicein the return Channel ofthe 
exchanger is alSo particulariyadvantageOUs for 
the reason thatit enablesa single device anda 
Single refiector to propagate the WaVes thrOUgh 
al of the tubes of the bUndle,The loCation of 
the deVice alS0rendersit COnVenientiyaCCeSSible 
by Unboiting andremOVing the Channel member 
9? 
The inventionalso comprehendsemployment 

of the principle of resonance Wherebythe Waves 
passing throughthe tubes from therefectC???5, 
Or directly from the deVice 6 may be reinforCed 
by refected,orecho,wayes paSSinginthe oppo 
site direction,For that purpose,the channel 
cover 6 may be sospaced from the tubes,With 
reference to the WaVe length as t0 refieCt the 
WaVes in the required phaSe relationtO the Ori? 
ginal wavesto efectreinforcement of the latter 
and furtherinCrease the heat transfer eficiency 
of the Contact of the medium within the tubes. 
Fig?2 shows proVision for Obtaining reSOnance 
from diferent WaVe lengthS?Withineach of the 
channelCompartments 13and ?thereisa plate 
#8 havinganarea SubStantiallyequaltothe croSS 
Section of the reSpective compartment. Each 
plateisadjuStabletOWardand from the tubeS by 
SCrews 9,Thesearein SCrew?threaded ConneC? 
tion With the Channel COVer 6 and haVe Swivel 
Connections With the plate #8?The plates 8 
SerVe as refecting SUrfaceS for the WaVes Com? 
ingfrom thetubeSand may beadjusteda proper 
distance from the tubes t0 establish resonance 
relation betWeenthe refected WaveS3ndthe on? 
Coming WaVestoreinforce thelatter,The term 
“reSonahce”USedin the Specification and claims 
ist0 be underst00dasapplyingto the reinforCe? 
ment of wayes ofanySuitablefrequencyaccord? 
ing t0the principle0freSOnance andasnot lim 
itedtoWayes0f80nicfrequenCy. 
Provisionformorefexibleadjustmentofwave 

refectionis shown in FigS.3and 4,There,in 
each ofthe compartmentsthereisanumber of 
refecting plates whichareindividually adjust 
able?Tm the preSentinstance,therearethree0f? 
theseplates,designated180,48band18cineach 
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4 ! 
compartment,Plates 18dand?85areSegmental 
informand plate 18Cis Semicircular,All0f the 
plates are Shown as ConCentric and SCreWS 90 
are providedtoadjust themindividuallytoward 
and from the tubeS,8Sin the CaSe Of the plateS 
18 of Fig,2,The plates f8d,f8b and 8c have 
fianges 20 Upon their back faceSto aVOid agap 
when one of the platesisadjustedaSubStantial 
distance farther than an adjacent plate?Of 
course,the shapeand number of the plates may 
be Varied to Suit COnditionSSuchasVariationsin 
the tube iayOut andin the Shape Of the Channel 

The plates mayalSO beadjust 
sdbymeansotherthantheSCrews? 
Fig.5Showsanadaptation of theinVention to 

a,heat exchanger haVing U-tubes,The ex 
changer structure Shown inCludes a,Shell 2? 
closedat one end havingatube Sheet 22Welded 
Or Otherwise Suitably SeCuredtO itS Opp0Site end? 
Abundle of U-tubes 23 haVe their ends SeCUred 
inthe tube Sheetand Openingint0aChannelde 
fined by a member 24 bolted or otherWise Suit? 
ablysecuredtothetubesheet,A passpartition 
25 divides the interior Of the Channel member 
intotwo compartments26and27 and Onelegof 
the tubes Opens into One of Said C0mpartmentS 
andthe otherinto the Other COmpartment?The 
?1cnber 23 has noZZles 28 and 23 Opening into 
the compartments268nd2 respectiyely,to Cir 
CUlatefiuidthroughthetubes,The Shel24 haS 
a,10ngitudinal partition 36 extending from the 
tube sheet 22 and between the legs of the tubeS. 
At opposite Sides of the partition the Shel haS 
nozzles3f and 32,for circulating fiuidthrough 
the sheliand around the Outer SUrfaCeS Of the 
tubeS. 
The Channel member 2? hastwo internal re 

fie3tingSurfaces33WithinthereSpectiVe Channel 
COmpartments and facing the tubeS. EaCh of 
the SurfaCes forms approximately half Of a 
paraboloid and the two Surfaces together form 
apprOximately a Complete paraboloid,At Cp 
positesides of the pass partition25 two deviceS 
Similar to the device 6 of Fig,1,and Similarly 
designated,are mountedin the region Of the f0 
Cus of the paraboloid to initiate Sonic WaVeS 
Which are refected bythe SurfaCeS33 SubSt3n 
tiallyin parallelinto b0th legs of alof thetubeS 
of the bundle?Thereby,as describedin Connec 
tion With Fig.1,a moleCularagitation Ofthefuid 
Withinthe tubes Will be CaUSed andthe heat ex? 
Change eficienCy Wil be inCreaSed?In Fig,6 
only one of the devices 46isemployedtoinitiate 
the WaVeS,Said deViCeis diSp0Sedin One of the 
Channel COmpartmentS??n SOme CaSesa Single 
device Will beSuficient t0Sendthe WaVesthrough 
the U-tubes?Asin the CaSe of the operation of 
the exchangershownin Figs.iand2the use0fa 
tube-side fuid ingaSeOus State is particulary 
contemplated bgt liquid may be USed? - 
Itis,of CourSe,to be Underst00dthatthe pres 

ent disclosure of the invention is merey illus 
trative and in nowise limiting and that the in 
Vention ComprehendSSUCh n10difications as Will 
fallwithintheSCOpeoftheclaims? 
We Claim: 
1,In the Operation of a heat exchanger hay 

ing a group of SubStantially parallel tubes and 
rneanSincludingaChannelchamberatoneendof 
thetUbeSt0 paSS8 fuidthroUgh the tUbesand 
in Which there is provision for cgntact of other? 
fuid with the exterior of Saidtubesin indirect 
heat exchangerelation with thefirst-mentioned 
fuid,theimprovement comprisinginitiatingsonic 
waveSinthetube-sidefuidwithinaregionwith 
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in Said chamber Smallin comparison with the 
chamberand Spacedfromthe tubeslongitudinal 
ly of the latter,andrefecting Said waves Within 
Said Chamber predominantly longitudinally of 
thetubeSandinto the lattert0inCreaSethe heat 
transfer eficiency of the contact of thetube-Side 
fuidwith theinnerwals ofthe tubes, 
2?In the Operation Of a heat eXChanger 8C 

COrding to claim 1,the improvement Claimed 
therein Wherein SaidWayesare0fultraSOnic fre 
QUenCy? 
3,In the Operation of a heat exchanger 8C 

COrding t0 Claim 1,the imprOVement Claimed 
therein Wherein thetube-sidefuidisinagaSeOUS 
State? 
4?In the Operation of a heat exchanger aC? 

COrding to Claim 1,the inprOvernent ClaiQed 
therein Wherein the Said WaVesare Of UltraSonic 
frequencyandthe tube-Sidefiuidis in agaSe0US 
State? 
5,In the Operation Of a heat exchanger haV 

ing a,group 0f SubStantialy parailel tubes and 
meanSincludinga channel Chamber at One ená 
of thetubest0paSSafiuidthroughthetubeSand 
in Which there is prOViSiOn for COntaCt Of Other 
fiuid With the exterior Of Said tubeSin indireCt 
heat exchange relation With the first?rrientioned 
fiuid,the improvement Comprising initiating 
S0nic WaveSin the tube-Side fuidin Said Cham 
berata p0int SurroUnded by Said fiUidand Clear 
Of the Chamber WallSandSpaCed frOm the tubeS, 
and directing Said WaveS Within Said Chamber 
predominantly longitudinaly of the tubeS and 
into the latter to increaSe the heat exchange ef 
ficiency of the contact of the tube-Side fuid 
With theinner WallS0f the tubeS? 
6?In the Operation of 8 heat e?changer h8V 

ing a,group of,SubStantially paralel tubeS and 
meansincludinga channelchamberat One endof 
thegroupandachannelchamberat the OppoSite 
endofthegrOUptopaSSafiuidthroughthetubeS, 
and in Which there is pr0VisiOn for COntaCt Of 
otherfuid with the exterior of SaidtubeSin in 
direct heatexchangerelation With the firSt?men? 
tionedfiuid,theimprovement COmprisinginitiat 
ingsonic Waves within the tube-Side fuidin one 
of Said chambers at a,point SUrrOUnded by Said 
fiuidand clear of the chamber WallSand Spaced 
fromthetubes,directingthewavesinSaidcham 
ber predominantly iongitudinally of the tubeS 
andinto the iatter for adyance therethrough to 
increase the heatexchange eficienCy Of the COn? 
tact of the tube-side fiuid With the inner Walls 
of the tubes,Within the Other Of Said Chambers, 
refectingSaidWaves reverSelyint0thetubeS,and 
adjusting Said refection to produce reS0nanCe 
of the refected WaVes With the WaveSadVanCed 
thrOUghthe tubeS? 
7,Ina heat exchanger havingagroup of SUb? 

stantialyparaleltubes,meansincludingaChan? 
nelchamber at one end of the tubeSfor paSSing 
afluidthrough the tubes,and in Which there is 
provisionfor contact of other fuid with the ex? 
teriorofsaidtubesinindirectheatexchangerela? 
tion with thefirst-mentioned fiuid,theimprOVe 
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6 
ment comprising a device within Said chamber 
Operable toinitiate Sonic WaveSin the tube-Side 
fuid at a,point Clear of the WalS Of Said Cham 
berand Spaced frOm the tubes longitudinally of 
the latter,thearea of Said device projected lon? 
gitudinally of thetubeS being SmallaSCOmpared 
With that of Said Chamber and that Of thegroup 
Of tubeS,andreflecting meanSWithin the Cham? 
ber formed and disp0Sed to refect Said WayeS 
predOminanty longitudinaly Of the tubeS and 
intO the latter,tO increaSe the heat tranSfer efi? 
CienCy of the COnt8ct Of the tube-Side fluld With 
the inner WallS of thetubeS? 
8??n a heat exChanger aCCOrding to claim 7, 

the improvement Claimed in Said Claim Wherein 
Said refieCting meanS haS 8,paraboloidal Surface 
faCing Said end of the tubes and Said wave? 
initlating deVice is located in the region Of the 
foCUS Of Said Surface? 

9?In a heat exchanger haVingagroup of Sub 
Stantially paralleltubes and meansincluding a 
Channel Chamber at One end Of the group anda 
ChannelChamberat theopp0Siteendofthegroup 
t0 paSSafuid through the tubes,and in Which 
thereiSprovision for contact of otherfiuid with 
the exterior of Said tubeS in indirect heat ex 
Change relation With the first-mentioned fiuid, 
theimprovement Comprisinga device Within one 
OfSaid ChamberS Operablet0 initiate SOnlc Waves 
inthetube-Sldefiuidatapoint clear of the Walls 
of Sald Chamber and Spaced from the tubes lon? 
gitUQinaly Of the latter,the area of Said device 
projected longitudinally of the tubes beingsma? 
8SCOmpared With that 0f Said Chamberand that 
Of the group of tubes,reuectmg means withun 
Said Chamberformed andoisposed torefectsaid 
WaveSpredominantly longitudinally of the tubes 
into the latter for paSSage therethrough,to in 
CreaSe the heat transfer eficiency of the tube 
Side fuid With the inner Walls of the tubes,re? 
fecting meanSin the other of Said chambersdis 
DCSed t0 reCeive Said WaVeStranSmitted through 
thetubeSandrefect thembackthroughthetubes, 
and meanSto adjust the Second-mentioned re 
feCting means toward and from the tubes to 
pr0duce reSOnanCe of the Wayes refiected there 
by With the oncoming Waves? 
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