Sept. 20, 1960 J. E. SMITH ETAL - 2,953,167

HYDRAULIC RESISTOR

Filed Aug. 22, 1955 3 Sheets-Sheet 1

FIGL. 2 5
NSNS 7
26—t Aﬁéﬁé

=

OIS

— 18

o1V o
27

' | ' F!Gusl
. GEAR | OUTLET HYDRAULIC | |
PUMP | ., — > |~ " | RESISTOR |
' f

| | P P2 ]
| 50 _A=P|—P2 52 I |
] & 0 ) 25

'

FLOW
1 METER

DIFF. PRESSURE
GUAGE

N | RETURN LINE |
BACK TO PUMP |
VIA SUPPLY TANK

- INVENTORS

JOHN E. SMITH
ROBERT S.FLEMING

BY A(TON G.DeCLAIREJR.

 GEORGE B. STROH

) ATTORNEYS



!mlu\\ ‘|||
-—-.Q:“a.&“i%d
| lllllii»\\

O - O - - o
= © oo o = ©o ©® S 3 & INVENT

HHHHHHHHHHHHH |

A

JJJJJ . SMITH

RRRRRRRRRRRRRRR
.......



Sept. 20, 1960 J. E. SMITH ETAL 2,953,167
| HYDRAULIC RESISTOR |
Piled Aug. 22, 1955 | 3 Sheets—Sheet 3

L A
-
el (2] 2
E S RE °"
® 5 g _ i
3 2 _
of | -9 3| |
= | _
- HB'- —
L A 1 28 I I N
ol Bolo ~ T[] m-—
IIEIEEWﬂﬂEHE= I
¢
IIIlll--IIIEI

o M

N !II!III

7s) I I N D NG\ N . N I A A I U =] R
QIIIL‘!-L‘--_IIIIL--I_—
EIII--“L‘-\‘IIII-L‘-IM -
N T INDE NN NNl N flo |

NN SN NN
Il!ll.k‘ﬂ_‘iill--‘-

N R NS OINNT LN [

IIII“IN‘\'II\I!IIL‘

NN AN

e INPE

T 1 Y I
I SN o
5 A S B

DD~ W N INVENTORS

SN10H ¥3d STUNNOJ "JOHN E.SMITH

ROBERT S.FLEMING
ALTON G.DeCLAIREJIR.

W EORGE B,STRON
ATTORNEYS

: FIG.S.



United States Patent Office

2,953,167
HYDRAULIC RESISTOR

3 olm E Smith and Robert S. Fleming, Detroit, Alton
G. De Claire, Jr., Harper Woods, and George B. Stroh,

. Detroit, Mich., assignors to Holley Carburetor Com-
pany, Deftroit, Mich., a corporation of Michizan

Filed Aug 22, 1955, Ser. No. 529, 730
9 Claims. (Cl.~138—40)

The present inventon relates to a hydraulic resistor.

It is an object of the present invention to provide a hy-
draulic resistor effective to have a predetermined im-
pedance to liquid flow therethreugh

More specifically, it is an object of the present invention
te provide a hydraulic resistor which may be selectively
set to have laminar flow resulting in liquid flow directly
proportional to differential pressure across the resistor, or
to have transitional flow (that is, a flow mtermedrate in
characteristics between laminar flow and true turbulent
ﬂow)

It 1s a further ob]ect of the present invention to pro-
vide a hydraulic resistor including a plurality of passages
and associated therewith means for controlling the na-
ture of flow through the several passages so as to produce
an overall predetermined impedance to flow.

It 1s a feature of the present invention to provide a
hydraulic resistor including means forming one or more
cylindrical passages adapted to be connected into a hy-
draulic flow line in association with pin means received
in each of said cylindrical passages having its diameter
so related to the internal diameter of the passage with
which it is associated as to produce a desired type of
liquid flow therethrough.

Other objects and features of the mventlen will become
apparent as the description proceeds, especrs]ly when
taken in conjunction with the accompanying drawmgs,
wherein:

Figure 1 is a Iengltudmal sectional view- thmugh a
hydraulic resistor.

Figure 2 is a sectional view on the line 2—2 Figure 1.

Figure 3 is a diagrammatic view showing the connec-
tiorr of the hydraulre resistor into a hydraulic circuit.

Figure 4 is a chart showing flow plotted against dif-
fere'rtral pressure when employing the hydraulic resistor.

Figure 5 is a diagram shemng the manner of determin-
ing values of the e;sponent m.

In many cases, in running tests mvolvmg liquid flow
as for example, in
important to provide a hydraulic resistor having a knewn
predetermmed and prefers.bly adjustable resrstance to
lignid flow.

Basically, it has been found that true laminar flow, in
whrch the flow of liquid is directly proportional to the
pressure drop across the resistor, can be provided in a
simple and effective manner by empleymg a frue cylin-
drical passage having a true c’:ylindrieal' pin received in
the passage, the diameter of the pin being slightly smaller
than the internal diameter of the cylinder to sunulate
leakage between a piston and sleeve.

- By controlling the clearance, length and differential
pressure apphed across the resistor, the flow can be made

truly laminar in which W; (the ﬂew of fuel or liquid)
is directly proportional to AP (differential pressure).

in testing carburetors or the like, it is
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Moreover it is found that by varying pin size with
reference to a specific cylmdrrcal passage, the nature of
the flow may be varied. As is well known, turbulent
flow through a conventional orifice is represented by the
expression Wy=KAP®™ where the exponent m is equal to
0.5. The same equatron follows for laminar flow where
the exponent m is equal to 1.0. With the present hy-
draulic resistor it is pessrble to produce flow represented
by the same equation in which the exponent m has any
desired value greater than 0.5 and not more than 1.0.
Moreover, by empleymg a plurality of passages and pins

| 111 parallel 1t is possible to produce a hydraulic resistor
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offering substantially any desired impedance to flow.

Ref....rrrng now to the drs.mngs, a simple form of hy-
draulic resistor constructed in accordance with the present
invention is illustrated in Figures 1 and 2. The resistor
comprises a casing consisting of a cup-like body 10 and
a removable cap or closure 12. The cup-like body 10
is provided with a cylindrical chamber 14 open at one
end of the body and provided at its opposite end with a
reduced extension 16. The end of the body 10 adjacent
the extension 16 is closed except for a passage 18 adapted
to serve as an outlet connection for the resistor. Inter-
mediate from the ends of the cylindrical chamber 14 is
an outwardly extending annular channel 20 for a purpose
which will presently appear.

The removable cap or closure 12 is prcmded with a
passage 22 servmg as the inlet connection for the resistor.
The cap 12 is provided with an annular shoulder 24. ‘The
cap 12 1s retained in sealed relation to the body 10 by
suitable means such for example as fastening screws. 26
and the gasket indicated at 28.

Located within the interior of the casing is a compound
cylinder indicated generally at 30 having a cylindrical
portion 32 received in the cylindrical chamber 14 and
having a reduced cylindrical extension 34 received in the
reduced extension 16 of the chamber 14. The dimension
of the cylindrical portion 32 is such that its ends are
adapted to be engaged by the annular shoulder 24 of the
cap and an annular shoulder 36 formed by the reduced
extension 16 of the chamber 14. Thus, the cylinder 30
1s retained against substantial axial movement within the
casing, | |

In assembly suitable sealing means such for example as
the O-ring indicated at 38, is received in the channel 20
and provides an effective seal between opposite ends of

~ the cylinder 30. The cylinder 36 is provided with a plu-
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rality of accurately sized and finished cylindrical open-
ings 40, all of which are preferably of the same identical
size. In assembling the hydraulic resistor, pms 41 are
located in the cylindrical passages 40. These pins pref-
erably are of a length sufficient to extend between the

~ adjacent surfaces of the cap 12 and the end surfaces of

the reduced extension 16 of the chamber as 111ustrated_
In addition, the pins are aecurstely drmensroned as will
subsequently be described in detail. |

- With the parts assembled as illustrated in Figure 1,
it will be observed that the liquid inlet connection 22 com-
municates with an inlet header space 42, and an outlet
header space 44 connects the outlet ends of the cylin-
drical passages 40 to the outlet passage 18. Passages
46 and 48 respectively extend from the exterior of the

- casing to the header spaces 42 and 44.

65

Referring now to Figure 3 there is dragrsmmatrcally
illustrated an arrangement in which the hydraulic resistor
is connected in a hydraulic circuit as labeled on the
figure. It will be observed that a differential pressure -

. gauge is connected across the test fixture and has con-



~ passages is

- duits 50 and 52 by means of ‘which it is connected to
~ the passages 46 and 48 of the hydraulic resistor.
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" flow. When the smoke is diffused end b_rea'ke' up 'it' is

The outlet of the gear pump is variably controlled

by an adjustable valve V so as to provide the required
pressure drop AP across the hydraulic resistor. The
actual flow of liquid threugh the resrster is measured by

~ the meter.

- The resistance or 1n1pedance to ﬂew aﬁerded by the

‘hydraulic resistor is determined by the number of cylin-.
- drical passages 40 which are open to flow and by the
- dimensions of the pins 41 received therein. In the illus-
-~ trated emhodlment of the present invention four of the
. cylindrical ‘passages are provided although of course a
© much larger number could be provided if desired. If.
- it is desired to reduce the overall flow of fluid any number __

of the cylindrical passages 40 may be plugged.. |
o In generel true laminar flow takes place threugh a

. passage 40 containing a restricting pin 41 when the

o diameter of the pin is close to the internal diameter of
20

the opening. If the diameter  of the pin is reduced in

15 |
- pipes, the weight rate. of flow (Wy) is. «AP while for

_ turbulent flow chr.AP’*’i |
- draulic resistor-could be made-laminar,. then W AP.
_formula for laminar flow. between a ptsten and eIeeve -

has been derlved whleh is

10

“turbulent flow.

The controlling factor of the nature of
flow is the Reynolds number. - The Reynelds number for

- flow threubh a erreular p1pe 1s

where :

V is the veleetty of the fluid i 111 ft. per sec., .-

w is the kinematic viscosity in ft.2 per sec.,

- ‘D is the diameter of the. plpe in feet.

size, flow intermediate between laminar and turbulent--_ |

~ flow takes place, and in the present. instance tlns ﬂew is .

| referred to as transrttonal flow.

| Referring again to the. fermula Wf=KAPm ﬂow in
~ accordance with this formula is said to be turbulent

" when the value. of the exponent m is equal to 0.5, flow

_ is said to.be laminar when the value of the exponent m
. is 1.0;.and in accordance with the description herein flow .
. is_said to be transitional when the value ef the expenent :
| m is. greater than 0.5 but less than 1.0 .
.- The: present apparatus. permits the preducuen or ad-_--

: ]113t131e11t of the. hydraulic resistor to substanttally any -
requlred condition by the selection of the size and num- -

B - ber- of pins employed and. by -the selection of the number
35

o that the use of two. passages using “identical pins of a - - the plet of W; against AP is hnear As the diameter of

- certain size satisfies the requirements except that the value

 of the exponent m-is slightly less than desired. Substi-
-+ tution of the next larger size -of pins produces a. Value of
the exponent m which is slightly larger than desired. In

of eylmdneal passages. ernpleyed -Assume for example

" When Ng<2000, the flow is nerma]ly lan:unar while
~from. abeut 2000 to 3000 the flow is in a transition phase

between Ie.nnnar and’ turbulent flow. For laminar flow.in -

If the -flow through the hy-
A

Kb3DhP
= ?L

Wf

| ."_'Ihe elearance between the plStOB. and sleeve is b the

diameter of the piston is D, and the length is L. Cer-

" tain values .of b, L and AP assure laminar flow. The

30

- hydraulic resistor of Figures. 1 and 2 has been designed

to embody these principles in a practical device. A fixed
" pumber. of small holes have been drilled in the fixture
‘and pins-are inserted in the holes.: The flow area, a func-

tion of b, can be_controlled elesely by the size of the
pins. The same flow area could be obtained by drilling

 very small holes but the size needed is so small that it

would not be practical to aftempt drﬂlmg the hole.
Referring now to Fi 1gure 4, the flow is laminar when

. the pins decrease, the clearance increases; and the curve

~ varies more and more from a etre,lght line, ‘indicating

40

-order to produce a value of m close to the desired value,; ..

one pin .of the larger size- -will be provided in one passage.

~and a pin of the smaller size will be provided in the

45

: remaining passage. - ‘This will have the effect of preduelng__
"a value of the exponent m substantially midway between

- the wvalues previously obtained by the use of identical

pins. ‘In the same manner, if it.is desirable to increase
total flow (or: increase the value of K in the equatlen);:_' |

_this may be accomplished by employing more. passages.

. In the specific example previously described, two.addi-
- _ttenel passages could be erupleyed using. prns ‘of: the twe
RN dlﬁerent sizes referred. to in the foregoing.-

From the foregoing it will be observed thet by proper

50

-fselectten of the number of passages and size of pins, the

hydraulic resistor may be ‘assembled or edjusted te pre--_
- duce a wide range of fluid flow resistance. .

55

. Referring now. to tJl-“*:tgure 4 there is ﬂluetreted a. chart

showing values obtained in a hydraulic resistor_provided
- with four cylindrical passages and in which all of the -
. passages are prewded with. pins. Each of the eurves ‘
L obtained -shows the diameter. of the pin or pins. and it
- -will be observed that in some cases all of the pins are - -
 of the same size and in other cases pins.of two different
. sizes.are. empleyed 1In this.case the. internal diameters
- of the cylmdrlcal passages. are: 063’ and the length of
i 'As will be observed from the chart,
- the curves obtained are the result of plotted AP (dif-
. ferential pressure in pounds per square inch). agaluet Wf-."
o (measured in this instance in-pounds per hour). B

5007,

The present invention is base upon a recegmtren of

‘The smoke rises undisturbed:in laminae or layers

60
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‘These can be illus-

the mgarette. ._ Thls. 1s Iammar 7 5 between laminar. and turbulent ﬂew. The plets

" the flow is changing from laminar to turbulent.
the. flow -is laminar, W;xAP, but for turbulent flow
| .- meﬁP%
. and turbulent flow where WiaxAP®, with 1>m >l
“value of m is found by plotung W; versus AP on log: log
o _graph paper . and measuring ~the -slope of the line..
= (W=KAP®, log Wf--m log KAP, y=mx, m is slope of

line. ) This is shown in Figure 5 for seven sets of pins,
- varying frem 0.060” diameter to 0.047” diameter.

“resulting. plot is.a series of. stralght lines with the slope
- of a line equal to the exponent of AP for that partleular
set of pins.. The values of m and -the diameters of the
. pins used to make seven sets are found in Figure 5.

_be obtained. by changing the size of the pins.
ample a value: W, for a specific - AP might be needed

-~ sets of 0.056” and 0.057" pms
“made- of half 0.056” pins and half 0.057” pins, ‘which
will give Wf very close to-the value wanted. ‘Fine ad-
= ]ustment can be made by msertmg smaller or larger' |
pins.
" AP ‘can- be:controlled -very: closely. |
- procedure: demonstrates thet thlS desugn is mﬁmtely a
o 70 -
- ‘the fact that hydraulic flow is. ordinarily: described as of -
- . .two.types, laminar and turbulent
~ ftrated by watching smoke rise from a. cigarette in a still -~
. room:
f."fer a shert dlstance above

“There is a transition phase between laminar
-The

‘The

For any value of AP, in the hydraulic. res:eter range, |

-"'-.:__'any value of Wf can be obtained. -

One method- is to increase the fuel ﬂew by mereasmg'
the. number of holes reamed into the cylinder. Using the

" cylinder described in Figure 1, with .063" diameter holes
“and a wall thlekness of - 050” the maximum nnmber ef
*heles that can be reamed ‘in. the cy]mder is ten. - |

- Another: method. of changtug the ‘fuel flow . can alse_
For ex-

that- 1s rmdway between: the. values obtained. by usmg'__
"Then a set weuld be

By. 1nterchengmg the pins the value of Wy for any
In ether words, this

ad]ustable S
For the 060" dlameter pms the plet ef Wf versus AP o

s linear,. mdleatlng laminar flow.. - The. plets for the -
.: 058" diameter pins to:the. 0545’ d.tameter pins deviate
. glightly from:a straight-line, Indrcatmg a transition phase

ot' the'

"When '
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.0545"’ pins to the .045” pins show that the flow is more
In a turbulent phase than it is laminar.
The exponent of AP, which is an indication of the

nature of the flow, can be found in Figure 5. The slope

of the curve, W; versus AP plotied on log Iog graph
paper, is the exponent of AP. This value varies from
949 for the .060” diameter pins to .600 for the .047”
diameter pins. Thus, the slopes of all the curves are
greater than .500, so the flow 1s not entlrely turbulent
but in the transition phase.

The drawings and the foregoing specrﬁcatlon constltute,
a description of the improved hydraulic resistor in such
full, clear, concise and exact terms as fo enable any per-
son skilled in the art to practice the invention, the scope
of which is indicated by the appended claims.

What we claim as our invention is:

1. A hydraulic resistor having inlet and outlet con-
nections and a plurality of cylindrical passages of the
same infernal diameter having open ends in communi-
cation with said connections, a cylindrical pin in each
of said passages and extending the full length thereof,
some of said pins being of different diameters, each of
sald pins having a uniform diameter smaller than but
sufficiently close to the internal diameter of the passage
in which it is located to produce a liquid flow there-
through represented by W =KAP®, where W; is liquid
flow, K is a constant, AP is the pressure differential across
sald resistor, and the exponent m has a value greater
than 0.5 but not more than 1.0.

2. A hydraulic resistor comprising a casing having
inlet and outlet connections and an enlarged chamber
therein, a body in said chamber having a plurality of
identical cylindrical passages therethrough, said casing
comprising a removable cap to provide access to said
body, and sets of pins of different accurately predeter-
mined sizes extending completely through said passages
to determine the nature of fllid flow therethrough to
provide for selective control of flow characteristics.

3. A hydraulic resistor comprising a housing having
a main chamber open at one end and having a reduced
chamber portion extending beyond the other end of the
main chamber, a removable cap covering the open end of
said main chamber and having a recess of cross-sec-
tion smaller than that of said main chamber, a body in
said main chamber having end abutment portions larger
than said reduced chamber portion and recess to space
the ends of said body from the bottom of said reduced
chamber portion and recess, said body having a plu-
rality of cylindrical passages of equal diameter extend-
ing therethrough, and pins in said passages having a
length greater than the length of said passages to cause
the ends of said pins to extend beyond the ends of said
passages into said reduced chamber portion and recess,
sealing means between said body and main chamber,
and passage means communicating with said reduced
chamber portion and recess.

4. An adjustable hydraulic resistor comprising a hous-
ing having a main chamber open at one end and having
a reduced chamber portion extending beyond the other
end of the main chamber, a removable cap covering
the open end of said main chamber and having a recess
of cross-section smaller than that of said main chamber,
a body in said main chamber having end abutment por-
tions larger than said reduced chamber portion and
recess to space the ends of said body from the bottom of
said reduced chamber portion and recess, said body
kaving a plurality of cylindrical passages of equal diam-
eter extending therethrough, a plurality of pins of uni-
form diameter located in said passages and extending
beyond the ends thereof, the diameters of different pins
being of different size, said pins being selected to pro-
duce a How across said resistor which is intermediate
laminar to turbulent.

5. An adjustable hydraulic resistor comprising a hous-
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ing having a main chamber open at one end and having
a reduced chamber portion extending beyond the other
end of the main chamber, a removable cap covering the
open end of said main chamber and having- a recess of
oross-section smaller than that of said main chamber, a

body in said main chamber having end abutment por-
tions larger than said reduced chamber portion and
recess to space the ends of said body from the bottom
of said reduced chamber portion and recess, said body
having a plurality of cylindrical passages of equal diam-
eter extending therethrough, a plurality of pins of uni-
form diameter located in said passages and extending
beyond the ends thereof, the diameters of different pins
being of different size, said pins being selected to pro-
duce a flow across said resistor which is intermediate

- laminar to turbulent, some of said passages being plugged

to control total volume of flow.

6. A hydraulic resistor having inlet and outlet con-
nections and a plurality of accurately dimensioned cy-
lindrical passages of uniform identical diameter having
open ends in communication with said connections, a
plurality of removable and replaceable pins received
in said passages, said pins being longer than said passages
and of different diameters, each of the pins being of uni-
form diameter smaller than but sufficiently close to the
drameters of said passages to produce liquid flows there-
through, when pins are received in said passages, the
diameters of the different pins being such as to cause a
flow across the resistor which is represented by

Wy—KAP®

where W; is the liquid flow, K is a constant, and AP is
the pressure differential across the resistor, in which
the exponent m has a value intermediate 0.5 and 1.0.
7. A hydraulic resistor having inlet and outlet con-
nections and a plurality of acourately dimensioned cy-
lindrical passages of uniform identical diameter having
open ends in communication with said connections, means
comprising removable and replaceable cylindrical pins

- received in said openings to determine the nature of
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hydraulic flow therethrough, said pins being of such
different selected sizes relative to the passages in which
they are received that flow across said resistor is repre-
sented by the formula W;=KAP™, where W;: is flow,
K is a constant, AP is the pressure differential across
the resistor, and in which the exponent m has a value
intermediate 0.5 and 1.0.

8. A hydraulic resistor having inlet and outlet con-
nections and a plurality of cylindrical passages of known
diameter connected in parallel between said inlet and
outlet connections, a removable and raplaceable cylin-
drical pin of known diameter received in each of said
passages, each of said pins having a diameter less than
the diameter of the passage in which it is received to de-
termine the nature of the hydraulic flow therethrough,
the difference in diameters between at least one of said
passages and the pin received therein being different
from the difference between the diameter of another
of saild passages and the pin received therein, the dif-
ferences in passage and pin diameters being such as to
cause a flow across the resistor which is represented
by Wi=KAP™, where W; is the liquid flow, K is a
constant, and AP is the pressure differential across the
resistor, in which the exponent m has a wvalue inter-
mediate 0.5 and 1.0.

©. In a hydraulic tesistor for controlling mass flow
rate 1n accordance with the formula W,=KAP®m, where
W; is mass flow, K is a constant, AP is the pressure
head and the exponent m is the logarithmic slope of
the curve defining the mass flow rate through said re-
sistor for varying values of AP, and having a plurahty
of accurately dimensioned cyhndncal passages of uni-

form known diameter for conducting said mass flow,




| __means for selectively varymg the value of m between- _.
0.5 and 1.0, said means comprising a plurahty of re-
d replaceable cylmdncal pins - of. known
- dlameters and Teceived within: and. cooperating with -said

movabl’e

~cylindrical passages: to Testrict mass flow therethrough,
the. difference in dlameters between. at. least: one of said

~passages. and the pin Teceived - therein being different-
from. the difference ‘between. the: diameter between. an-
- other of said. passages and the pin received therein, the

~ differences- in: passage. and pin. diameters being such as

to- produce a ¢0tal mass. ﬂaw thmugh the resmtor wh1ch

2,9_53-167--~

- result from strlctly lammar and stnctly turbulent ﬂow.;

as 10
T 2,676,603

18 mtermedlate the values of mass ﬂow which. 'would
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