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[err]=the apparent force resulting fdomythe effect of the angular velocity -
on the novi ngrfliwd err ctrrrass of :;I uid fq}omln[ng Iowc’al:’qt5 tgg‘e poi nt "o"

[ err] =angu g ;g Ropmte pRIntgr” will ast pwardly st doynwyhrdivive wiell s the .
fl ow ng ajsnt%‘ate c‘iﬁg{,o é‘égV;?s'wfltf’ I%'leteﬁléa"gbrl ng constant of the conduit at the . .
poi nt " o", t hen the i nduced oscill ati _pQ fzg{‘gexganpl itude is: 25 /F/ =-ky=- }aﬁ
sin w (° Slncethetwoforces act in
t he samaodlrec.tag d dire

F-[err]=/F/ + ']Sc&rﬂgfs’agf‘; :ﬁ*ftxgg%z}t':he pom:hC)a? cﬁﬁ%eﬁrmﬁfr Vﬁgcl\y_o%A eCrB%w%ﬂmdF
[err] WA cos Wc=Reiguisr elatity of the point “o"=V/r (7) 35 Since [err],

[err] w, [err]|f Ay efitee fhiid flasinygiastnbespdimro'const ant nass fl ow rate, then.
this redsces gt Fré}glnfnsfaéP‘?f}heéwumt-the[mrnr To" gthem tigt induced oscillating force amplitude is:
(8) 40 wth -2 wA.[err] [err] anqﬁ45gL %ﬁ kKA. The sumof [err] cos
w+[err] sin w as shown in Equatlon [ f‘x y be expressed as: 50 )
[err] cos wt + Siree rHe t&b forabk &t irSthélsame directions, their magnitudes can be summed directly: _

(9) withyy=[err] and 55 [err]=arctan[err] Equation (9) mathenmatically _
shows that the resultant forEaFgh/t/nB/TIoRMV¥/O+ (k4 sigwtk he sane frequency‘s)as
60- both the oscillations, [err] cos wt and [err] sin wt,
but out of phg’g!es\éhmgiog‘wggs\r}kere [ef,ﬁJ,—arctan[err] arctan[err] '
(10) 65 or 5 EP 0196150 Bl [Fef (;=arcjaalcos wi~kA sin w 7)
(11) 5 Si nce w—[err] Wnere f the frequency of oscillations Wmch |s

hel d constant glt th Qatu resor]
m.,, r, and A are all constants for constant mass flow rate, then this reduces to:

F-F -B, cos wt+B, sin wt . o (8)
40 with : '
-2 wA m.V,
and - r

45

s0 . - - B, cos wt+B, sin wt=y si ;

The sum of B, cos wt+B, sin wt as shown in Equation S |
n
with -

@

y=(B,2 +B;2)112 E -
and - : :
55 : S B,
B=arctan{——)
B,

Equation {9) mathematically shows that the resultant force onthe point “0" is at the sarﬁe"f_req’uency as
60 both the driving resonant oscillations, B, cos wt and B, sin wt, but out of phase by B, where:

B, -2 wAm.V,
B=arctan{—)=arctant
Bz —KAr

{10)

—

65 or



-"eduency of the conduit, r is a fixed distance and k is a constant, the
[err]=arctan[err] - (12) 10 with [err] 15
Therefore. [err].tan [err] (13) with
["%/rr]:rrass flowrate: 20 Thus the force acting on the point "o0" is
sinusoidal as is the driving forER 0486180 B1the sanme frequency, only
differing by a phase difference [err]. z‘mgvdl spl acenent, velocity or
accel eration functions (as wel Ipaasctam.y_m_g‘be.r_)derl vatives of these) aiso
differ in phase relative to the correspomding drive force by the sane
anmount ;5 25
(12) e 8 RN 0 R SR N e Bt e 12 |
becones [err]—arcta (15) 30 In order to 3
elimnate the frequency dependent term fmwwe nust examine the two signals %
which differ only in phase as reptestanied—or the graph of anplitude d®la
function {‘ time shown in Figure 6. Their®frequencies are equal and their
periods w T be: 35 kr T=1/f1

(16) with T=period=[err] a= (17) Their relatlve 1
phase angl e Jerr] is then defined as: .[4aarr] -k
(18) slibst it eefREp: equati on (18) into (15) gl el ds: . |
[err] with mcVe=a tan (B 1 g) and therefore: [err]*¥hss
flowate=[err] m.V,=mass i@ karddhi ch el imnates the frequency
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Fl'ains 1. Apparatus for nmeasuring the mass flow rate of a fluid flow, th

geensi tive, and equally applicable to |liquids, baées and slurries. 15
pparatus conprising: a pair of straight parallel flexible conduits (36,

37) each having opposite ends (34, 35, 42, 43), an axis and a m d-point
’bet ween the opposite ends (34, EP 02196350 B9 support rreans (32, 40)

i t 7 f hol di
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ar, S
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per manent d(swyr lé@n:n@emsda se;:omhsnsmsheml fai ] chnectgvap oneéf theapair|of ednduits
condusst 5‘33 §6’ at de”(s %‘” 8 §PGORE SeREQL PErmMaget magnetdizhernnested:ts thene
sensi ng CClopn coheahd 180 bornaduelth LIS ANEIBE IBhy SRR Bndoify o)
4. Apparsatdna sar%ﬁkl’(sb ag to c alm1, el ai m l'arm 3, wherein the suppor t
nmeans Cconpri Amperatusfaceding® ctairp P0¢lsim( Bak)cldir 3] igeréim thierspppiortoneans cdnapris¢sI0frstf Or

recei sd PNFU‘B%P rfﬂb"(mvaﬂ inpyt conegsted (39htos zageivi 938 id flow;t &nesifapedspassagp (A8 in iyt
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secong, support (40) having an out put connector (44) for receiving fluid
flow fromthe conduits (36, 37) and a Y-shaped passage (46) in 65 7 EP
0196150 Bl and provide the resonant frequency data necessary to maintain
the conduits at their natural resonant frequency regardl ess of pressure,
density or tenperature variations. The split parallel tubing arrangenent of
Figure 3 also allows both halves of the drive coil 48 and both of the
sensors 56, 58 to be nounted to the flow conduits 36, 37 directly thereby




atives during any one cycle of two €qual frequency si gnal s; t hut
$oW rate measurenent is 10 obtained directly. The apparatus is of sinp
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