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- Janies L Bartlett and James R. Davis, La Crosse,
Wis., “assignors’ to ‘'The “Trane “Company, La

-Crosse, Wis.

“Application Atigiist 10, 1950, Serial No. 178,738
(CL/'2351.84)

“2 Claims.
S |

TS dhvention' relates’ genelally ‘to calculators
and-particularly “to calculators for -determining
the'factors of the: flow-of “fluids in eonduits and
mote: partxcularly for-determining ‘the factors of
the flow ofairin ducts.

“Itis+an-objeet 'of tHis invention to p10v1de a
sHde’ rule calculator whichis mexpenswe ‘to con~
struet’ and ‘whiéh “is‘aceurate-and easy to use.

It is-an: obJect; of “this-invention ‘to -provide ‘a
mechamcal Tule for determining the round duct
size; 1ectangular duct size, the: a1r ‘volume, the ‘air
{riction,*and- the- air Velomty by a-single ‘setting
of-the-slide riile to-any’ ‘two of ‘the-above factors
one-of’ “Which must be-either the duct size-or ‘the
air'volime.

-1t is" another-object-of this invention"to pro-
vide a‘mechanical riile for determmlng rectangu-
lar- ducts of various maJor and* mlnor axes which
are-equivalent to-a - 'given round ‘duct and vice
versa.

‘It “is -another - obJect of this 1nvent1on to ‘pro-
vile o stop’ member -for- 11m1tlng ‘adjustment -of
the deviceto-the- eﬁectrve range of movement.

-Other ‘objects -and-advantages “will‘appear -as
the- speclﬁcatron proceeds to describe the ‘inveri-
tion wrth referénce ‘to the accompanying  draw-
ingsiin wh1ch——

‘Fig: I isia-plan view of theslide rulecaleulator
of thls mventlon .
hne 2-—‘2 of Fig. 1.

“Fig:3is'a View of ‘the-base ' member of the slide
rule = .

Referring nowito- g -1, a'base member [0° Has

an‘indexable member -f2-rotatably ‘seeured there--

on by a rivet {4 which “extends “through “‘the
members 10 and 2 near their geometric centers.
Base member {0°has a-hole (3 for receiving rivet
4.

Indexable member 12 has an arcuate slot (6
therein havmg its“arcuate center on the p1vota1
axis of indeéxable member 2. THe slot'16 neednot
be arcuate in shape, because it functions'merely to
permit observation-of a-portion of base-member 10.
An arcuate logarithmic scale 18 of round duct di-
ameters in inches is printed on'the base member
10°0n a radius from the pivotal’axis such that'the
scale {8 appears through the arcuate slot 16 in in-
dexable member 2. .An mdlcatmg ‘arrow .20 is
printed on mémber 12 st or near the center of‘one
edge of the arcuate slot l6 It is preferred to lo-
cate the arrow on the inner edge of the arcuate slot
16. An arcuate logarithmic scale 22 of duct fric-
tion in inches of water per 100 feet of duct is
printed on the periphery of indexable member
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2
12 and Tesisters with’ scale 2% ‘printed on base
meniber 10. Secale 24 1s an arcuate loga"'thmm
scale of air volume in cublc feet’ per ‘minute.
Seales 22 and 24 are Yoth constmcted with the
Pivotal axis of 1ndexab1e ‘member 12 as a- center

An arcuate locanthrmc scale 26 of veloc1ty in
feet per mmute is, prmted on the perlphery ‘of i~
dexable member l2 and reglsters Wlth scale 28
log r1thm1c Scale. of’ alr volume in cuble feet per
mlnute Scales 23 and 23 are. consﬁructed w1th
center

"An alcuate séale 30 of” rectangular duct dl-
mensiohs in friches’is prlnted on the, perlphery of
itidexable member 12. The arcuate séale 30 has
a - center which is spaced from the pivotal axis
of member 12. ‘The_scale 30, therefore, sweeps
over the face of member 19. A scale 32 of Tec-
tangular ‘duect dimensions s prmted ‘on bése
member (0. Scale 32 has long ‘division” l1nes to
Tegister with the scdle 30 throughout its tahge
of pivotal movement.

Base member 10-has'an ar tuate slot 34. A rivet
36 is fastened to member 12 and extends into the
slot .24 in member (0, The rivet 36 has a washer
38 to prevent dlsengagement ‘of the r1vet from
member {0, The movement of the rlvet 36 is
11m1ted by the slot 34 and consequently the plvotal
movement ‘of the mde*{able member 12 with te-
spect -to fhe base member 10 is ‘also limited, .

In constructmg the calculator the following
symbols are used in'the.calculations:

F—-—Fnctron ‘in ‘inches of “water “per 100 ft. of
“duet length.

V—Velocn;y in féet per mmute

Q—Quant1ty m cub1c feet per mmute

. a—-Rectangular duct ‘dimerision in' 1nches

b——Rectangular duet: dunensmn in‘inches.

_er1mentatlon the following relatron—
ship is"found to exist.

- 1490

v 2.8, nv
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“The formula for flow in a duct is given below:
(2) 0TV
YS@aE

Comb1n1ng Equatlons 1 and -2 and takmg the
logarithm of both sides of the combined equa-
tions,

(3) log d=.378 log @—.199 log F—.193
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Taking the logarithm of both sides of Equa-
tion 2 results in Equation 4.

(4) Log d=% log @—1% log V4% log 183

A logarithmic scale 18 for d is laid out on the
base member {0 and the indicating arrow 29 is
marked on the indexable member (2. Scales
26(V) and 28(Q) are then constructed. From
Equation 4 it is found that the angle subtended
by a logarithmic cycle on scales 25(V) and 28(Q)
must be one half the angle subtended by a
logarithmic cycle on scale {8(d) because the co-
efficients of log Q and log V are both %% of the
coefficient of log d in Equation 4.

Scales 22 and 24 are now constructed. From
Equation 3 it is found from the coefficients of the
terms, that the angle subtended by a cycle on
scale 22(F) must be .159 times the angle sub-
tended by a cycle on scale 18(d) and the angle
subtended by a logarithmic cycle on scale 24(Q)
must be .378 times the angle subtended by a
logarithmic cycle on scale (8(d). The scales
22 and 24 may be constructed on a different
radius than that of scale 18(d) provided that the
angles subtended by the logarithmic cycles of
the scales bear the relationship required by the
coefficients of the terms of Equation 3. It
should also be understood that scale 22 could
be on member 1) and scale 24 on member 2 if
desired. Scales 26 and 28 could also be inter-
changed between members [0 and {2 if desired.

In determining the angular position of scale
22 with respect to the indicating arrow 20 for
a given angular position of the scale 24, it is
only necessary to adjust the member §2 so that
the indicating arrow 28 is opposite a value for
d on scale 18 and to then angularly position the
scale 22 on member {2 so that Equation 3 is
satisfied. The angular location of scale 26 on
indexable member 12 is determined in like man-
‘ner using Equation 4.

The scales 30 and 32 are determined by the
following formula:
(8) d__l.?)O(ab)O-ﬁ?S

T (a0

Scale 20 is arbitrarily laid out on the arc of a
circle having a centfer spaced from the axis of
rotation of indexable member 12. The locations
of points on the division lines of scale 22 are
then calculated for various values of (d) until
the division lines of scale 32 can be plotted.

It is evident from the above description that
the calculator of this invention determines the
round duct size, the rectangular duct size, the
air volume, the air friction, and the air velocity
by a single setting of the indexable member to
any two of the above factors one of which must
be either the duct size or the air volume.

The calculator may be used for calculating
rectangular ducts which are equivalent to a
given diameter of circular duct and vice versa.

While we have described the foregoing pre-
ferred embodiments of our invention, we con-
template that many changes may be made with~
out departing from the scope and spirit of our
invention and we desire to be limited only by
the claims.

We claim:

1. A fluid flow calculator comprising a base
member, an indexable member, means pivotally
mounting said indexable member on said base
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member, a first fluld volume scale on one of said
members, a fluid friction scale on the other of
said members from that having said first fluid
volume scale, said fluid friction scale register-
ing with said first fluid volume scale, a second
fluid volume scale on one of said members, &
fluid velocity scale on the other of said members
from that having said second fluid volume scale,
said fluid velocity scale registering with said sec-
ond fluid volume scale, a first scale of rectangu-
lar duct dimensions on one of said members, the
division lines of said first scale of rectangular
duct dimensions being curved, a second scale
of rectangular duct dimensions on a portion of
the periphery of the other of said members from
that having said first scale of rectangular duct
dimensions, said portion of the periphery of the
other of said members having throughout its
length progressively increasing radii with respect
to said pivotally mounting means, a scale of cir-
cular duct dimensions on one of said members
and indicating means on the other of said mem-
bers from that having said scale of circular ducts
dimensions, said indicating means registering
with said scale of circular duct dimensions, each
of said scales heing proportioned and being posi-
tioned with respect to each other and with re-
spect to said indicating means according to a
mathematical relationship for fluid flow.

2. A fluid fiow calculator comprising a base
member, an indexable member, means pivotally
mounting said indexable member on said base
member, a first fluid volume scale on one of said
members and a fluid friction scale on the other
of said members registering with said first fluid
volume geale, a second fluid volume scale on one
of said memkbers and a fluid velocity scale on the
other of said members registering with said sec-
ond fluid volume scale, a scale of circular duct
dimensions on one of said members and indicat-
ing means on the other of said members register-
ing with said scale of circular duct dimensions,
a first scale of rectangular duct dimensions on
said base member, the division lines of said first
rectangular duct dimensions being
curved, a portion of the periphery of said in-
dexable member conforming substantially to an
arc of a circle offset from the pivotal axis of
said indexable member, a second scale of rec-
tangular duct dimensions on said portion of the
periphery of said indexable member and register-
ing with said first scale of rectangular duct di-
mensions, said indicating means and each of
said scales being positioned and proportioned with
respect to each other according to a mathematical
relationship for fluid flow.
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