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and nore particularly to the neasurenent of outl et
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anbient air to dilute the contam nants, and vent the
[0002] di | uNetiagplicabte. om t he bui l ding into the anbi ent

envi ronnent. Exhaust systens have been devised to

expel the mxed air in a plume at a high velocity high

above the bui Igﬂcm;m[. fiBabF THEUNVENTTION S not af fect ed

by the exhaust es of such systens are descri bed
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rporated by reference as though fully set
OUﬂEtﬂ({Vﬁ)FRMﬂL %h. [ 0005] To ensure that the plunme of
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air is not affected by the exhaust. Examples of such systems are described in U.S. Pat.
Appl. Pub. Nos. 2005/0170767 and 2005/0159102, assigned to the assignee of the

-present invention and the entire disclosures of which are hereby incorporated by

reference as though fully set forth herein.

[{0005] To ensure that the plume of diluted contaminated air is expelled
sufficiently high in the air, it is important to monitor system performance with the fan
operating in the field as intended. Of particular importance to proper performance is

~ the volumetric flow rate of the expelled air, typically measured in cubic feet per minute

(CFM). One conventional technique for calculating the flow rate of the expelled air is to
place an anemometer (or similar flow measuring device) in path of the expelled air to
develop a velocity profile across the outlet. The fiow rate can be calculated as a product




of the average velocity and the sectional area of the
outlet. This technique is generally inaccurate due to

the conplicated velocity profiles that are
characteristic of induced flow fans, and because the

physical presence of the measuring device will
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[0009] In accordance with one aspect of the present invention, an induced flow
fan assembly includes a housing defining an inte'rior flow path in communication with
an air inlet, an air entrainment opening and an air outlet. A fan is disposed in the
housing interior to draw air in through the air inlet and the air entrainment opening and
to blow the air through the flow path and out the outlet, Air from the entrainment

opening(s) is combined with air from the air inlet so that flow through the air outlet is




2 greater than flow through the air inlet. A pressure
sensi ng arrangenent |ocated at the air outlet is used
to measure air flow output fromthe fan assenbly.
[0010] The air outlet can be fornmed by a w ndband
nmount ed over an outlet end of the housing, such as an
upper end opposite the air inlet. The w ndband can
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prevents the measurement system from being rendered inoperable from a blocked or

damaged tap, and corrects for uneven pressure differential at different locations
angular positions around the windband.

[0013] A computer or other control module can be electrically coupled to the
transducer arrangement, thereby providing for electronic system monitoring and
analysis of the pressure data for determining output air flow based on readings from

the taps.
[0014] In accordance with another aspect, the present invention provides an
exhaust assembly for expelling exhaust air from a building. In one form the exhaust

assembly includes a housing having an air inlet receiving the exhaust air, at least one




[0014] In accordance with another aspect, the present

i nvention provides an exhaust assenbly for expelling

exhaust air froma building. In one formthe exhaust
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recei ving the exhaust air, at |east one 3 anbient air

entrai nnent zone m xi ng anblent air wiwth the exhaust
ambient airrentraipmentzene mbdng ambientrair with the exhaum;r 0 produce

combins S 450k bR B b BT o e
vusing 816 fo B P ATPAE Rt P ol AR i to e

entrainment k6ihe afd DIGSIRYtRe cBRTbMdDainshvlighthe mwbtam prassure
air outlet is used to acquire pressure data indicative

sensing asfsemibily Iockted atuthewir ouldeh Is wsed ko aagmr%@s@ﬁurq/dataﬁ@dxcatwe of

air flow Gi3RE I e TGSt psSatier ThResmobr s Pee B Bl essure
taps at ofgﬁ%ﬁﬁac?ﬁ@h'}ﬁrthe 8 R AR i Pﬁo?@g(ﬁgbré’tﬁdseét arlother

aust asse es a housi I Ng

axial posﬂ'ﬁfd @ﬂ the @Anoatiat. | I SrothacRir, tioe tehﬁa@stfa‘ssemw lncludes a
band defining an air outlet and bei ng nmount e

to
housing def mpgan anmleifrecéivingdbeiexhavgipaisia windhandi deﬁmm@an air outlet
B
one ameé'nE a: Hl@n??&‘?e HﬁSﬁng ﬁﬁtr ﬁ?Wnﬁﬁﬂ*me Haﬂbf‘?‘lr%& produce
er | Oha t

openli ng O grea sec ar ea at o

comblne@ a&mm witfd bant bys an dpstrebmeemd defining @Milddenimg ohgreater
OMAnandescrlptlon reference is nade to the

sectnonalaarearﬁlpm atpf advopening defired Ry aiownstRan eRdr eof , and

ro01s1 1, " hiiic G2 M Bheg AR 1R g

drawmgs' W{’ﬁéﬂ fc? ﬁ?‘é?ﬂh@rﬂgf"ﬁn@eiﬁ C)Nﬁkﬁ PherdA8 ShbRh ﬁiﬁ\fvbv %f'i!h%tratton

I nventi'on and reference nust therefore

and not Ifmniatimm a preferrédiembodimenthofsthedinperstéon. Bau&Fembodiment also
TI ON OF, THE DRAW NGS [ 001 Ref erence_i s, here
does “0t'r9é'@§'ettgetsﬁ’épff of thedn¥gnienand Eg'%f%r‘ﬁl%ﬁ'“&:'ﬁ{ ﬁ]%fore b&Thade to

i rals correspond to |Iike elenents
the da!ml;lsﬁg) E@gg’ﬁ(ﬁ&gﬁd in which: [0017] FIG 1 is a schematic
perspective view of a building ventilation system

constructed in accordance with principles of the
present i nvBRIGFADESCRIPTIPNFOGTHE DRAWINGSe el evation -

[0016] v evﬁeffere%r(]:e Fig( Rere%ty ;%5’35 {m We folld os\ivtn%gl;J ‘c:Itraev(v'jings in which like

reference numerals correspond to like elements throughout, and in which:

[0017] FIG. 1 is a schematic perspective view of a building ventilation system
constructed in accordance with principles of the present invention;
[0018] = FIG. 2 is a side elevation view of an exhaust assembly constructed in

accordance with the preferred embodiment;

[0019] FIG. 3 is a sectional side elevation view showing the fan assembly of the
exhaust assembly iflustrated in Fig. 2;

[0020] FIG.4is a sectionalrview taken in the plane 4-4 shown in FIG. 3;

[0021] FIG. 5 is a sectional view taken in the plane 5-5 shown in FIG. 3;




accordance with the preferred enbodi nent; [0019] FIG
'3 is a sectional side elevation view show ng the fan
assenbly of the exhaust assenbly illustrated in Fig.
2; [0020] FIG 4 is a sectional viewtaken in the

pl ane 4-4 shown in FIG 3; [0021] FIG 5 is a
sectional view taken in the plane 5-5 shown in FIG 3;

[0022] 4 [ M5 iFaGchematicalisgiaenaf the oitiagrveindband aad drarisducer
wi ndband and transducer assenbly; and [0023] FIG 7
assembls@@s a sanple calibration curve for correlating
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data to oBﬁEfﬂbW”g to FIG 1, a building ventilation system 20
I ncludes one or nore fumé hoods 22 of the type

comonly installed in commercial kitchens,
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fume hod&fZZ‘éﬁtﬁt g/perdoeamaBlytifstalled iweemnwircigl Kitahehsplabbletories,
for receiving surrounding air. The upper end of
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is nmounted on top of roof 40 and exten
32 that extendsiuPwArdeoBUMeIod 220 ArEAUEIA a4 G G4 & further
connecte o & {38 ey SRRSO i DRl SO LBRE Ko of e

building. dﬁ?é[lgégrdeﬁ’d EF Febe38 RENRkin, BRREded b6 ahtéﬂhﬁuwfamaa%sémbly

more t han one exﬁaust assenbly 42, each

42 that ismoantsbemdy of Podfetngnd exteriulsyupwardlyenivay froey theorcmf for
separate ?ﬁfup of fume hoods 22 or to manifo
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[0025] fLe @f?ﬁ@ﬂm rﬁ\g&?g’@'é@‘w&a\g ﬁtrﬁ%}%rtﬁbﬁ oné dxHAEFa&dcmbly 42,
each such assembly 42 being operably coupled either to a separate group of fume
hoods 22 or to manifoid 34. Accordingly, each exhaust assembly 42 can be responsible
'- for venting noxious gasses from a particular zone within the building 26, or a plurality of
exhaust assemblies 42 can operate in tandem off the same manifold 34. In addition,
the manifold 34 may be coupled to a genefal room exhaust in building 26. An
electronic control system 210 may be used to automatically contro! the operation of the
system. The control of this system typically includes both mechanical and electronic
control elements. A conventional damper 36 is disposed in conduit 32 at a iocation
slightly above each hood 22, anq;s automatically actuated between a fully open

orientation (as illustrated) and a fully closed orientation to control exhaust flow through




the manifold 34 may be coupled to a general room
exhaust in building 26. An electronic control system
210 may be used to automatically control the operation
of the system The control of this systemtypically
i ncl udes bot h nechani cal and el ectronic contro
el ements. A conventional danper 36 is disposed in
the chantben @8. t H&3ces ttha vVohmae obair that igiveniedtivough sath heod 2245
and is automatically actuated between a fully open
controlledr i entation (as illustrated) and a fully cl osed
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[0027] A rectangul ar pedestal 68 is fastened to
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[0028] Referring to FIGS. 2 and 3, the fan assembly 46 sits on top of the plenum
44 and has a housing with a cylindrical outer wall 100 that is welded to a rectangular
base plate 102. A set of eight gussets 104 is welded around the lower end of the outer

wall 100 to help support it in an upright position. Supported inside the outer wall 100 is
a cylindrical shaped inner wall 106 which divides the interior of the housing into three
parts: a central drive chamber -1%_8, a surrounding annular space 110 located between
the inner and outer walls 106 and 100, and a fan chamber 112 located beneath drive

~ chamber 108. The fan chamber 112 and annular space 110 form part of the building




top of the pedestal 68 and into the fan assenbly 46.

[0028] Referring to FIGS. 2 and 3, the fan assenbly 46

sits on top of the plenum 44 and has a housing with a

cylindrical outer wall 100 that is welded to a

rectangul ar base plate 102. A set of eight gussets

104 is wel ded around the lower end of the outer wall
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in FIG. 4descr| bed in pend| ng U S. patent application Ser. No.
10/ 297, 450 which is |ncorporated herein by reference.
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- flaring the upper end 166 of inner wa!l 106 such that the cross-sectional area of the
‘nozzle 162 is substantially less than the cross-sectional area of the annular space 110.
As a result, exhaust gas velocity is significantly increased as it exits through the nozzle
162. Vanes 170 are mounted in the annular space 110 around its circumference to
straighten the path of the exhaust air as it leaves the fan and travels upward. The
action of vanes 170 has been found to increase the entrainment of ambient air into the
exhaust as will be described further below.

[0031] The windband 52 is mounted on the top of fan assembly 46 and around
nozzie 162. A set of brackets 54 is attached around the perimeter of the outer wall




[0030] Referring now also to FIG 4, the exhaust air
nmoves up through the annular space 110 and exits

t hrough an annul ar - shaped nozzle 162 fornmed at the
upper ends of walls 100 and 106 as indi cated by
arrows 164. The nozzle 162 is fornmed by flaring the
upper end 166 of inner wall 106 such that the '
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s roppETRa 5 e A ocEit ¢ BB 05 g
coming R k1 44 SN S SROE and e
ambient hIﬂEpaBsmg ¢hraugh passages62 5r?.th¢ patsﬂc]af ammrerit?Zal r is also
[0034] o idbis iImOTiant 1p RIPLEFe @B MeR I be PO iAnce e gystem to
ensure it thl AR nth MintBE Birt GPedth i€ Bfpelled high enough from the

. building so as not to affect surface air quality. In induced flow fan systems, such as the
exhaust assembly 42 described above, it is not possible to accurately assess output flow
characters by evaluating the inlet side of the system because the outlet flow di_ffers
dramatically from the infet flow due to the entrained ambient air. Acquiring data from
the outiet side is difficult to do without affecting outlet air flow, which could decrease
system efficiency and performance and thereby render the output flow measurement

inaccurate. Thus, conventional air flow measurement devices, such as anemometers

“and the like are not suitable for this purpose. Nor are any devices that require human




flared inner wall 106 and mixes with the exhaust

emanating fromthe surrounding nozzle 162. The

ambient air is thus mxed fromthe inside of the

exhaust. Thus, the outlet flow expelled fromthe

exhaust assenbly 42 is a conbination of the exhaust

air comng fromthe plenum 44 and passing through the
exposurel tol the exhaastedinstiedrdeentisaofiért patehtialy haimfubasstangnants

t hrough passages 62 in the path of arrows, 17%. _{yQ0344
therein. Further,iasgessinghflowatdbaloubiet sidedynamlyzing gifevelocity is made even

ore RSHSLIR B S BN i SBEBH gkl g b ronie
at the ouﬁgpyir%gtgjnpgg%}vﬁ}iﬁ%@pt to affect surface air quality.

an systens, such as the exhaust

[0035] 2SSl invédoeof theprésahbingention haveoongluded that it is possible
accur at eslrﬁt/p assess output flow characters b

to accuratelylagsessitow RUtpUt aftthe iexbawst systens gt e valudting the ressure
- Low di.ff d L cal | | :
oo oo B LB W G S By B o

58) side %ﬁﬁeq}dﬂdﬁhnﬁ is‘ietoi,-t‘he_q:i%vms‘t’#éafn Eide®T the iWiagbarkd H2Gitithe

et air tlow, which could decrease system )
cylindricet Fihg ©0s Tie et bell 58 ofitine eviradbiandr &2 definesea dirculan epening of a

out put flow neasurenent i naccurat

) . Thys, .
particularseciional areal (imthe plepg pessendiciamnto @@N%ga,' cefbial gyis 56 of the

asemonHRLTE i 50 BBl S s o i ik or e

inlet belt S8POHY ﬁ}]#&ﬂ?}%"%ﬂﬁé%ﬁ@béﬂd 53 taRagrhdiaiy itvard frore the inlet

pot enti a arnful contam nants ~ therein. Further,
bell 58 toatimatsy 60. Asosuch) thewindianed:5Xeffectivelafaimsza mgnturk tube.
velocity is made even nore diffic

Under coaditi}o_a{s gteady, m)nmlrfesséblﬁm% alcgﬁmﬁjgnt%igﬁ %?Eég&teﬂﬁem
custon g RREPL Mo MBI e o
equationgf{;&v' gﬂ?dlui%giﬁl L P, POyehLE+ ﬁzgzlzzg@ahéﬁeehsechﬁseﬁsulate the

put he exhaust system by eval uating the
output flow eglgitg. drop across the outlet, particularly the

L0031 &, S S e ek et b P
ot YRS ol B9 pecofio SRt th s
assemb!)PéormguP&idd and detpfihé enatorrelation behwben thepeessure drop across

perpéndicular to the vertical central axis 56 of tlae
the outlehwardtizing) 52 add the output fEov eamitedly adéing the empirisah data, flow

cootond 52 ik o i S S Bty e fow

equationt BAThbASinkAH, Hquare root expressions having a constant dependent on the

fan size. The flow equations thus take the form: output flow (cfm) = Cx d% ]

“wherein C is the empirically determined constant specific to the exhaust assembly
configuration and/or fan size, dP is the static pressure differential at the windband, and
p is the standard density (0.07S_I_b/ft3). From the flow equation, a caiibration curve,
such as that shown in FIG. 7 caﬁ:'be generated for each exhaust assembly




bell-58 to the ring 60. As such, the w ndband 52
effectively forns a venturi tube. Under conditions of
st eady, inconpressible flow, a combination of the
continuity equation regarding the conservation of
mass (plV1iAl = p2V2A2) and the Bernoulli equation (P
+ 1/2p1V12+ pl glhl = P2 + 1/2p2V22 + p2g2h2) can be

confi guratmﬂfah%‘lml Usingtetthehehe equiation of the catibratidnycur@ppissure data
However, in light of the uneven velocity profile at

acquired g she windhansk carmee cerxelatest tosQuipEEfIaN: si ng from t he

100371 | CUAEE MR P 65 AR e pb e ISR PALB o e

~ outlet Wtﬂﬁuﬁﬁﬁtﬁlﬁﬁﬁg %ﬂ?éwrpﬁt HoRp a%wcﬁéf‘ Ié‘ﬁ'e@slil‘eeﬁenmr@cﬁlmnbement
and the output flow enpirically. Using the

is mountedrm the alindtara, T particday awoomezmnetelnarlngs@(wemd 302 are
exhaust assenbly confl fan % dw
mountedfatdwth@quadbmsg,r@eh@ththei Iﬁ ;&gpio he cylln rical ring

. st SR MR RSO g o i

" metal tutflhg‘ﬁoﬁlfcfoﬁheéhr% : pqh“rallt‘?ftﬁ"‘le*sﬁaﬁéd ?retsb@reelﬁps QOﬁalThe taps are

erm ned constant specific to the exhaust assenbly
mounteddo mhygamtabieanaanw such asl bym@dmgpover small diaseeter openmgs 207

otenand STRAIel 5505 hob s PREER: ol i

t i
e of i L A sy Sy
ring 200 ﬁﬁﬂfzmtih@md@méfpmaﬁﬂyzcﬁ prélssune taps Qﬂceﬁ@a&ﬂaaguxlaﬂy about the
he calibration curve, pressure data - acquired at

ring, for esxamplarfduc tapsdecated ak the 3 61 B andt Lo CMC!S\DOS[tm@nTh%USE of

multiple Bi¢8FaAPS sPvRs PO PRS- diRertold RBR LA il for erigele. I
dr::maged"\dnI BloCkdcPtbnd LigVthé ﬂ&gﬁ%&ﬂﬂ Ioﬁeﬁh"té f’o‘é@é& oﬁ%@dm from ane or

rangement 1S 'nou e w nd

more of nherdthenta:s Sewvongdj presswieatata |cagsbe2mumd atcmump& angular
mounted at to the wi ndband 52, one

nl.e
positions s the dweraxial positiens pf theiwindhand; 5y tﬁ@@ %Wl% H@e dbta to be
ds .ab h f
averagedf%Saérﬁuszfetggﬁni(ﬁﬁaenﬁﬁ % bege o tkeBdEP) fo be
detected p"l*l‘l'i.r?e(ﬁé’ usd of frits Eqﬂ%raecso%{ﬁ RridaRT thE @wnéﬁbﬁi‘ud BNnéﬂeéses the

I n any surtabl'e manner, such as |ng

life and acudracp Oflthe dystami. er openi ngs 207 extend| ng to t he
interior side of the w ndband 52. The taps

[0038] ext die piszemetes rings 208eansk 202, ér%bﬁ%%ﬁ{m%tﬁfg%ia%af%e tubing
to a diffefaritat bredlkEtrahbitttd! 208 HRiid §prabdird e Cidch aHbhel 677

commerciatly available from Dwyer Instruments, Inc., which is mounted nearby or
remote to the exhaust assembly 42, preferably at a height above the rings 200 and 202
so as to prevent condensation from building up in the pressure cell. The pressure
transmitter 208 is in turn coupled to a dedicated or main system controller or computer
210 for automatic electronic data acquisition and analysis and system monitoring. In
response to the pressure data, system parameters, such as fan speed, can be controlled
| to increase system efficiency and/or alter outlet flow conditions. This can be done with

human intervention, or automatically using appropriate control hardware. Flow output

10




ring 200 and 202 includes a plurality of pressure taps
spaced apart angularly about the ring, for exanple
four taps located at the 3, 6, 9 and 12 o' cl ock
positions. The use of nultiple pressure taps serves
two purposes. First, should one tap fail, for exanple,
if damaged or bl ocked fromuse, the systen1cou|d
values céi’PEé %bﬁgkﬁécfdsﬁ@ softddira aldorithnertmased onrthedlow eqhmon for the
ps. Second, pressure data can be ach|ref
partlculamkha@tessergblyaaonﬁgu-tmnomsfaatSIZEhePltaﬁéur@d*ﬁﬁf%@ er 8H§et

ol AR 8 B it

p) to be detected. Thus, the use of
evmuaHQHP¥P3§§%ﬁ9%§ at both ends of the windband 52

[0039] ' an'Fﬁé 850V @esdription diag eenthat vf tie pureéemmemboc{meaepf the
he piezometer rings 200 and 202 are bot nneﬁ}ﬁ
{I]gggh that many

present wwantt@p,aamt i& willbeewy tottbose havingrasdinasy s

el AR AT e PR O
lnventloi, ﬁ%ggd@at@rhgpzﬁsgﬁugbﬁﬂli@ I}iéé}/é}“ ious’ &RABb@Nents fitat ma fall in

pre y at a height above t
the scopé'd?&ﬁe PPEsept %\R&Qﬁlonsm@mllbmmg elaims armnddesat i on fr om
ding up in the pressure cell. The pressure
transn1tter 208 is in turn coupled to a dedicated or
mai n system controller or conputer 210 for automatic
el ectronic data acquisition and anal ysis and system
monitoring. In response to the pressure data, system
paranmeters, such as fan speed, can be controlled to
i ncrease systemefficiency and/or alter outlet flow
conditions. This can be done with human intervention,
or autommatically using appropriate control hardware.
FIl ow out put 10 val ues can be conputed using software
al gorithns based on the flow equation for the
particul ar exhaust assenbly configuration or fan size.
Pressure differential or outlet flow values could
al so be recorded and/or output to a graphical user
interface for evaluation by a technician. [0039] The
above description has been that of the preferred
enbodi nent of the present invention, and it wll
occur to those having ordinary skill in the art that
many nodifications may be made wi thout departing from
the spirit and scope of the invention. In order to
apprise -the public of the various enbodi nents that
may fall in
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. the scope of the present invention, the foll ow ng
clainms are made. 11 CLAIMS 1. An induced flow fan
assenbly conprising: a housing defining an interior
flow path in conmunication with an air inlet, an air
entrai nment opening and an air outlet; a fan di sposed
in the housing interior for drawing air in through the

air inlet and the aicLAaMS ai nment openi ng and bl ow ng
the air through the flow path and out the outlet, air
1.1 r ot indueed flowfan asserpblyl gamprési@ini ng with air from

a @@ﬁééeﬁh&%ﬁﬁg&rﬁ ! hg itghécg%ﬁ%pﬂfcgﬁgﬁgﬁtg"éﬁ Liinke®, an air
entminm?@f&ﬁ%—gli%?ﬁﬁgln@r ap?é{ngemant | ocated at the air outlet

arr oW output fromthe fan assenbly.

-

y .
a fan diosedn ehe hblsing finteries Semdiiawing airlinitmoughvtherad infet and
the pressure sensing arrangement includes a first h
the air enfraismentopening@ng hipwing the air tyeyghitbe flgw patb apg out the
outlet and a second pre 2.t ap.at =axk 2l
outer, i ot B8 S BRE BPEa R B AR R ot
! ol hiTibve eittoligh thé arr ialeseadd y  of
flow throgglg?h? g,&%v%grgiﬁ %ﬁétattg{lgagr e a plou?al ity of first .
a pressurer sensmgsareangemeeriti located at &he pirsutie foramegasuting air flow
plurality of second pressure taps at the second axi al
output fromsthei faR asgemblye i nduced flow fan assenbly of claim 3,

wherein the first pressure taps are |ocated spaced
angul arly about the air outlet at the first axia

2.pos i'l‘Hé’lF\dﬁ&%:l £ibR fah SRR Gdaine 1} wherei the pressure sensing
angul arly about the air outlet at the second axia
arrangenpertiinclodes & firstipressutadap at ladivst axiabpesitian of Wie air guiekand a
wherein there are at least thrge .firgst r
second g, A seac ek oo (et offct BRERGH o B first
ssure taps angularly spaced apart. 12 6. The

. re
axial pos‘%f?&uced flow fan assembly of claim3,4 or 5 wherein
the plurality of

3. The induced flow fan assembly of claim 2, wherein there are a plurality of
first pressure taps at the first axial position and a plurality of second pressure taps at

the second axial position.

4, The induced flow fan assembly of claim 3, wherein the first pressure taps
are located spaced angularly about the air outlet at the first axial position and the
second pressure taps are spaced angularly about the air outlet at the second axial

position.

5. The induced flow fan assembly of claim 4, wherein there are at least three
first pressure taps angularly spaced apart and at least three second pressure taps

angularly spaced apart. o
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first pressure taps forma first piezoneter ring at
the first axial position and the plurality of second
pressure taps forma second piezoneter ring at the
second axial position. 7. The induced flow fan
assenbly of any of the preceding clainms, wherein the
air outlet is forned by a wi ndband nounted over an
outl et end of the housing. 8. The induced flow fan
6as s emhé Shdviced fRWHah, as4BRILA 6F d15itn B4R heRaR tRd plurality of
upstream end and a downstream end, the upstream end
first pregpare tapsofosn aolyshpiegomiterring: atithe St wixiah pbsitior andtibe plunality

' t ownstreamend. 9. The induced .flow.fan

of secorfiBxdifts M By YRR e e idfe sgedld el PosoN
upstream end of the wi ndband has a greater sectional

area_than an opening at the outlet end of the housing

’so athe induseerfiowdan prsembly aif any of thequerceding lelaines, wherein the

. Ny .10, .The induced flow fan asse f claima$8

air outlel S AR of Gt i d1PREten 28t ah St St e Bonsing
includes a first pressure tap |ocated at the upstream
end of the w ndband and a second pressure tap | ocated
8at t ke tdwned fiowfar assernblyof claim dhwiherein the Winetband hasdn
flow fan assenbly of aim8,9 or 10, wherein ther

upstrear) e84 23 G STgA £d. e LAt Ghg deplioAst RN Gt arster

sectionaVB&EtRaNaA Mhefing AtehHBRR ARfda plurality of
: second pressure taps located at the downstream end of

the windband. 12. The induced flow fan assenbly of any
oPac e AP ARy el BB B BRenig R0
upstreardl @NA HIRAMRIPANd hb3-a g 128t r YR Ghl %'réﬂ‘%ﬁa%”ar?éﬁ%ﬂﬁ# Yt fie

any one of the precedrng clains, further i1nc g an

outlet engll af the bousing sotasdb fomw fHecair entrainment epsning tseresist@een.
arrangenent for calculating output air flow based on
readi ngs fromone or nore pressure taps of the

107 ESTHY RdSEaPT SO clai 9, WHrdi

fan assenbly o?wga;ﬁ/éone 0 Brﬁlg}ﬁﬁﬁgd%r%lﬁgyén‘éfésghw

sensing ahangsmenttiheluties a ifirg} pressiuvesltap: loasted uit e wedtieanhahd of the
i,nes a cavity therein having the air inlet at its

. ef |
Wmdba"aéﬂfiaﬁe&ﬁa? PresRyratan Rratedatithe dawnslrramendiai hewingdband.

wal | and positioned in the cavity to divide it

11. -~ The induced flow fan assembly of claim 8,9 or 10, wherein there are a
- plurality of first pressure taps located at the upstream end of the windband and a

- plurality of second pressure taps located at the downstream end of the windband.

12.  Theinduced flow fan assembly of any one of claims 8 to 11, wherein the

windband is a cone necking inwardly from the upstream end to the downstream end.

13.  The induced flow fan assembly of any one of the preceding claims, further
including an electronic control coupled to the pressure sensing arrangement for
calculating output air flow based on readings from one or more pressure taps of the

pressure sensing arrangement.
' 13




into a central chanber which houses the fan and a
surroundi ng annul ar space that receives air fromthe
air inlet. 15. An exhaust assenbly for expelling
exhaust air froma building, the exhaust assenbly
conprising: a housing having an air inlet receiving
the exhaust air, at |east one anbient air entrainnent

Zdne Texndurearfiovefah assembhyt ¢f dnyeorxdfaks preRieting@laims, wherein
produce combined air, and an air outlet exhausting
the hoysing belEERied air; a fan disposed in the housing

8 e A2 PR i A1 G o enc
and blow ng the conbined air through the air outlet; and

a pressure sensing assenbly located at the air outlet
apinngs vl fapignad to theroutep wall andpasitioned ie tieaeavity to divide it

o o SRS Blsrid A SSPHELRAN P8 SSHRTING B0 b i
receiveddil fbmathe a8y ifleeond pressure tap at a second axi al

position of the air outlet different fromthe first
axi al position. 16. The exhaust assenbly of claim 15,

18 oA A b b el i B0 e o
assemifybawptisigsenbl y of claim 16, wherein the w ndband has

an upstreamend and a downstream end, the upstream -
2hausipg ihaving amaio jndetiraceiving dhe exbaust sirc at least orer ambient air

oo PR P L R el SR Lo
an air ovhmflét dHaRting IHRSSHHhBinkdRE at the upstream end of the

ndband and a plurality’ of the second pressure taps
afan dispekadhistthe Aousing interichfer drawibgrexhalgt difin tArough the air

o xhaust, ass |y for expellin ayst air froma.

inlet ang GIRICRIAT IR, Rimehtzanayd EE\%‘?Q thengemaingd @i thgpugh
he ai feit-nd an air inlet receiving the exhaust air; a
t ealr%ﬁrﬁ’gﬁaﬂrﬁ defining an air outlet, the w ndband bei ng

amrensure sensing asspmblydocated bt tHeeaihoutist figr ragansing&ir flody
air _inlet and havi ng[ an upstream end and a downstream
output from the exhaust assembly, the pressure sensing assembly having a first
pressure tap at a first axial position of the air outlet and a second pressure tap at a

second axial position of the air outlet different from the first axial position.

16.  The exhaust assembly of claim 15, wherein the air outlet is formed by a

windband mounted over an upper end of the housing.

17.  The exhaust assembly of claim 16, wherein the windband has an
upstream end and a downstream end, the upstream end defining an opening of greater

sectional area than an opening at the downstream end.

18.  The exhaust assembly of claim 17, wherein there are a plurality of the first
pressure taps at the upstream end of the windband and a plurality of the second
pressure taps at the downstream end of the windband. |
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end, the upstream end defining an opening of greater

sectional area than that of an opening defined by the

downstream end; at |east one anbient air entrainnent

zone mxing anbient air wth the exhaust air to

produce conbined air; a fan di sposed in the housing

interior for drawi ng exhaust air in through the air

19.n| eAn axitbustiassarhblydor ekpelbng exhaust i fronarg buitding e exhaust

bl owi ng the conbined air through the w ndband air

assemblbCAMBEISINGNd a pressure sensing assenbly for neasuring

2 BhishaS¥aBbB T §F b Rcelmd ReaMist a0, 50! R
a WitsdopRanaetinthén bircoutist nEHeanthdband delermodntedtsan epper end

tap at a dowistream end of the w ndband. 20. The
of the housimgueppasite ¢he air inlet andihaving anwpstseamtanst andiaglownstream

end, the Apsraameand difnina Pl 066 eoke SHEADA Ao A4 that oF an
opening BefhBh bl ine o ISuRER AP Lo o1 {aE°, ey 5L "

at least one ambient air entrainment zone mixing ambient air with the exhaust
air to produce combined air;

a fan disposed in the housing interior for drawing exhaust air in through the air
inlet and ambient air into the entrainment zone and blowing the combined air through
the windband air outlet; and '

a pressure sensing assembly for measuring air flow expelled from the windband,
the pressure sensing assembly having a first pressure tap at the upstream end of the
windband and a second pressure tap at a downstream end of the windband.

20. The exhaust assembly of claim 19, wherein there are a plurality of the first
pressure taps spaced apart in a ring at the upstream end of the windband and a
plurality of the second pressure taps spaced apart in a ring at the downstream end of
the windband. |

i
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