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SUMMARY

The ebjeetives of this project were three«fold, to design a flew meter
whieh would (a) indieste within 5% the true rate of flow of liquids, (b)
not need ombratﬁg. and (¢) be inexpensive and easy to install, A system
of standard pipe tees and somneeting pipe was assembled such that the flow of
fluid, water in this ocase, was direoto;i. into the run snd out the branch of a
tee, A total pressure tap was inserted in the plugged end of this t;a. A
statio pressure tap was inserted in the branch opening of a seeond tee in which
the fluid flowed through the run, The two pressure leads were scmnected to
opposite sides of a manomster, snd the differential obtained was a measure of
the velooity pﬁ'.uure, turbulence and friction losses in the system, These
losses were qrou;d in terms of the number of veloeity heads of fluid flowing,

Suffieient data were secured with several veriations of meter assembly
to prepare sorrelations whieh are satisfactory in predioting eceffioients for
tee moters, Commenly known brands of tees were used and were found to be gone
sistent in structural dimensions snd frietion o.ha.ruotcriltiol. Nominel sizes
of tees from 1/4 to 1 1/2 inches were investigated,

With the data presented, it is possible to construot and use an wocalia
brated tee meter with an expected aocuracy of 5%, The meter arrangement

'is flexible, and the meter oan be installed in locations where apace is at a
minimm, The meter is of simple comstrustion, it becomes a part of the piping
systemy 1t introduces no major obstructlion to flow, and it appears to be ap=-
plicable to all types of fluids,



INTRODUCTION

The fundamental basis for several important devices for measuring fluid
flow rates is the prineciple of a differential head loss due to restrietion of
the normal flow path, The orifice and venturi are classis examples, A second
type of flow meter is the impact meter in whioch the velocity pressure of the
moving fluid is an indication of the magnitude of flow, The pitobt tube is of
this types Two standard pipe tees can be assembled into a meter which embodies
the prﬁﬂph of operation of the impact type meter, The tee meter is wmique
in that openings for pressure tap leads are already present, the lead being
atteched to the unused opening of the tee, When the lead is faoing the direc-
tion of flow, the pressure against it is the tobal pressure of the fluid, When
the lead is attached to the branch of a tee in which the flow passes through
the run, the static pressure is obtained, Now if these two pressure leads are
attached to opposite sides of a menometer, the differential observed is the dif=-
ference of the two pressures, the impact pressure, An additional head loss can
be measured when the static tee is located on the downstresm side of the impast
tee, due to turbulense and friotion losses in the tee and connecting pipe, An

estimate of the differemtial that would be expected is as follows:

Impact pressure of fluid 1.0 velosity head
Turbulence loss in branched flow 1.3 velocity heads

2.3 velocity heads
The small additional head loss due to friotion in the conneoting pipe is not
inocluded since the magnitude of this head will vary with the dimemsions of the
s_ystem..
Very little information has been published on the use of tees as flow
meters, In a recent article, Hord7 has described an a.rra.ngemnt of 1/8 inch
tees that elosely approaches the sysfom investigated, The static tee was locat=-

ed immediately upstream of the impact tee, and alr was the fluid flowing. The



results indiocated that the flow coefficient, defined by C in the equation

V = C+/2gAH, approsched a constant value of 0.75 with Reynolds numbers in the
turbulent flow range, It was suggested by Nord that eash meter be ealibrated
prior to use, However, insufficlient data were given to show thet this was
actually necessary,.

Considerable information is avallable on the friction effects in piping
systems whiseh eontain tees, Hoopes st al.'2 found that the extent of reaming
of the nippleas sonneocting the tees had a promounced effect on the frietion
losses, The distance the nipple was screwed into the tee was not eritical,

A ocurve of velooity head loss versus Reynolds number indicated that the loss
approached a sonstant value of 1.0 at Reynolds numbers above 10,000, Freemanl
discovered that tees plugged ‘l'l‘bh a short nipple and cap had approximately
one=half the frietion loss inocurred when plugged with a conventiomal plug, an
observation that turned out to be of interest in this investigation,

Elbow mterss and valve motern3 have been described in the literature,
The accuracy of the elbow meter limited its applicability, whereas the walve
meter, upon calibration, was found to be an aoccurate means of messuring flow
rates,

The emphesis of this investigation is on simplielty of construetion and
high asouracy without calibration, The elements to be studied are the var
iables introduced by the use of different size fittings, different brands,
different arrangements, and the corrections to be applied to the flow coef-
fioclent when the asystem varies in physical form from sn adopted standard
l.'rr-.ngomnt. so selected because of its reproducibility and relative insen-
sitivity to minor variations,



EQUIPMENT AND PROCEDURE

The system of pipes and fittings was so arranged that the flow of water
from a constant head source was directed into the run and out the branch of
one tee and through the run of a second tee located further downstream, The
discharge was collected in a weigh tank, Figure 1 illustrates the arrangement, .

To facilitate the investigation of the meter characteristics, the com-
ponent parts of the test section, Figure 2, were numbered consecutively and
- studied individually in a standard horizontal arrangement., The initial
experiments were conducted with 1 inch nominal pipe and fittings. The up-
stream calming section was 4L diameters in length and contained straightening
vanes consisting of a bundle of 1/4 inch copper tubes 18 inches 1ong; Fluid
entered the run of the impact tee, and left through the branch opening. The
impact pressure lead of 1/4 inch pipe was connected to the meter by means of
a street elbow, a reducing bushing, a coupling and a short nipple, The nipple
connecting the two tees was cut to 7 3/4 inches in length for compactness.

The static pressure lead of 1/4 inch pipe was connected directly to the static
tee by means of a 1 inch to 1/4 inch reducing bushing plugging the branch open-
ing. The nipple on the exit side of the static tee was a 5 inch stock length.

The several pleces of auxiliary equipment are shown in Figure 1, A con-
stant head tank was fabricated from a 55 gallon drum by attaching a 1 inch
overflow pipe 5 inches from the tank top. The tank was supported 15 feet above
the floor and fitted with a 2 inch pipe downspout. This source pipe was
connected to a Tuthill Model LM gear pump. The discharge from the pump passed
through an orifice plate located at the entrance to the calming section. The
weigh tank was fashioned from another 55 gallon drum by cutting out the top
and fitting the drum with a drain connection. The tank rested on the platform
of a 500 pound capacity Fairbanks scale, The Merriam 30 inch "clean out"
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Figure 2

STANDARD ARRANGEMENT OF TEST SECTION

Legend:

FLOW IN RUN

Section 1: Calming section—-44 pipe diameters

L
n

=3 = =

to
manometer

(A

=

¢ (C—

2: Impact tee

3: Impact tap, consisting of 5" nipple,
coupling, reducing bushing and street elbow

4: Connecting nipple--7 3/4"

5: Static tee /
6: Static tap--reducing bushing O
7: Downstream nipple—-5"




7
style manomesters were fitted with air bleeder valves and mounted on a backboard,
The meter manometer contained carbon tetrachloride, with a specific gravity

of 1,584 at 70° F, The manomster leads were filled with the fluid flowing, i.e.,
water,

To aoccomplish a run, the tank was filled and the supply adjusted to allow
an overflow throughout the duration of the run, The pump by-pass valve weas
opened, the pump started and flow rate through the meter adjusted by manual
control of the discharge and by-pass velves, The manometer readings.were
recorded during the period in which a weight of water was being collected,
Damping of manometer fluctuations was done by throttling the valve on the im-
pact lead until large surges were eliminated, Timing was done wi‘t:h a stop=
watch,

Pertinent data recorded included menometer readings, run number, time of
run, tare and gross weights, temperature of water, and exact dimensions of the

flow meter equipment umder test,



RESULTS

As previously mentioned, the theory of the tee meter is based on the
measurement of the combined impact head and friction head loss for a fluid
flowing through the meter., The differential, in velocity heads, between the
measuring points can be calculated by dividing the head loss, AH, in feet,
by the value of one velocity head, Vz/zg. This number of velocity heads has
been denoted by the letter K throughout this report., With this velocity head
coefficient, K, readily calculable from manometer and weight readings, the
variables can be analyzed in terms of the percentage variation of the coeffi-
cient obtained from that for the control or standard arrangement such as
- shown in Figure 2., The velocity head coefficients were compared at a Reynolds
number of 40,000, It is in this range of flow rates that the k's approach a
constant value, Examples are given in Figure 3,

In addition to the velocity head coofficiénts, orifice meter coefficients,
defined as C in the equation V=C+/2g AH, were determined. Upon solving this
‘equation for the head loss, AH= (1/02)_(?2/23)- , it is seen that the relation
between K and C is K = l/Cz. Thus, the per cent variation in K will be twice
the per cent variation in C. A complete sample calculation is shown in the
appendix. Other convenient coefficients are defined to enable use of other
manometer fluids, different flowing fluids, and other pipe sizes. They are:
Q= cr\/EEZEE and Q = C''\/2gR, Using ﬁhe latter coefficienf; plots of the
volumetric flow rate versus the manometer reading were prepared for the various
sizes of standard meters.

It is worthy of mention here that the inside pipe dlameters as given in
tables in Perry's handbook® were used to calculate the coefficients, regardless
of how much the handbook and actual values differed, These diameters ordinari-

ly agreed to 2%.
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The experimental observatjons now can be discussed with greater under-
standing, A complete list of the variables studied is given in Table I,
Although the table serves as a summary, some explanation is essential to point
out the critical effects noted in the seven component parts of the meter,

Section three, the impact pressure tap, required considerable investi-
gation in that numerous inconsistencies appeared during the early part of the
problem. The bushing was found unsuitable as a plug, Large turbulence surges
in the fluid stream were reflected in continuous fluctuation of the manometer
differential making it almost impossible to determine the correct reading. A
short nipple and a coupling inserted in front of the reducing bushing served
as a buffering section which tended to absorb some of the surging. The length
of the nipple was found to be unimportant (see Table II). However, the dis-
tance that this nipple was screwed into the impact tee was of consequence,
The K decreased with increasing number of turns screwed in. Reaming the end
of the nipple entering the tee caused an increase in the K., Evidently the
turbulence loss in the tee is greater when the fluid has an opportunity to
pass further into the plugged end., Additional data are given in Table II,
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TABLE I

PER CENT VARIATION IN VELOCITY HEAD COEFZICIENT FROM THE CONTRCL

Per cent variation in K
from control
Nominal size, inches

'S 3/ 1/2
control

‘-2.5 0.0 -
1.3 - -
0.0 - -
an ) -
"3.0 - o
0.0 - e
0-0 - —

-0-6 ot =

Top View (Exploded) Of Control Meter

All nipples screwed up five turns in tees
K's compared at Npe of 40,000

Actual diameters of connecting nipples
were 1.040, 0.818 and 0.622

FOR EACH VARIABLE OF THE SYSTEM: FLOW IN RUN
Per cent variation in K
il from control
Nominal size, inches ;
Variable e 3/4 1/2 Section  Variable
(1)® Calcing section of 6 pipe dia- 5 (15) Brands of tees--see Tables VII-XI
meters, no straightening vanes 12.0 - -
"  Calming section of 10 or more 6 (16) Bushing on static tee tap
diameters, no vanes 0.0 - 0.0 " : Short nipple before bushing on
(2) straightening vanes ending 5 static tap
diameters before impact tee 75 - - o (17) Threading bushing 3 turns into
"  Straightening vanes ending 14 i ) static tap tee
diameters before impact tee 0.0 - -
(3) Inclined a little from horizontal 0.0 - - 7 (18) Length of nipple from section 5
(4) End of pipe reamed to 1.14 inches  =1.7 - - to elbow, from 1 3/4 to 7 inches
(5) Turned in 3, 5, or 6 threads in tee 0.0 0.0 - » (19) Threading niople into section 5,
: from 3 to 6 turns
(6) Brands of tees--see Tables VII-XI " (20) Reaming end into section 5 to
1.14 inches
(7) Length of nipple and coupling-
see Table II 0.0 - <30 Miscellaneous variables
(8) Threaded into section 2, per turn
<5, see Table II 5.0 0.0 - (21) Section 4 vertical upward, section
" Threaded into section 2, per turn 5 in line with section 3 tap
>5, see Table II =53 =BT = n Section 4 vertical upward, section
(9) End of nipple in section 2 reamed 5 facing 90° from section 3 tap
to 1.14 inches 9.6 ~ - " Section 4 vertical downward, sect-
ion 5 tap in line with section 3
(10) Diameter of nipnle--see Table III
(11) Length of connecting nipple-—see |
Table IV Y Y
(12) Nipple end into section 2 reamed =11
to 1.14 inches--see Table VI -2.4 - - _(
(13) Nipple end into section 5 reamed e on
to 1.14 inches—see Table VI ~14.3 - - d3
(14) Threading nipple into section 2, ;}\
per turn <5--see Table V 0.0 0.0 - g
e Threading nipple into section 2, '
per turn >5--see Table V 7.8 ha0 - _l_ 6 1< side view of static tap
L Threading nipple into section 5, L
per turn <5--see Table V =5.1 =7.5 - \
2 Threading nipple into section 5, [ﬁ_ 4@,. '[“ S
per turn >5--see Table V 12 4.2 - ﬁ"* 74" ks o
G
a Numbers in parentheses correspond to those given in Table XVIII, - [
Table of Experimental Data [:] Y
E?ﬁa_to

manometer
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TABLE II

VARIABLES AFFECTING THE VELOCITY HEAD COEFFICIENT: SECTION THREE

A, Length of nipple and coupling prior to reducing bushing

Runs Length, inches K

169-80 0.00 1.41
129-46 3.25 1,61
181"90 h (] 00 1 ® 62
191-200 550 1.53
201-210 T.17 1.59

B. Number of threads nipple is screwed into impact tee

Length, Number of

Runs inches threads K

6614 6.75 3 1.86

669-72 on 6 1.59

649-52 11,50 3 1.85

653-6 " 5 1,70
C. Reaming of nipple end into section 2

Length, Number of Reamed dia-

Runs inches threads meter, inches K
673-6 " w 1,140 1.88
653-6 11.50 n 1.040 1,70
657-60 " L 1,140 1.88

The greatest number of critical variables is found in the connecting
nipple, section 4. They are:

(1) The diameter of the connecting nipple, differences being due to
variations in pipes of the same nominal size,

(2) The length of the nipple,
(3) Threading of the nipple.
(4) Reaming of the nipple.
The effect of using connecting nipples of the same nominal size but of
slightly different diameters is illustrated in Figure 4, The numerical values
of these variations are given in Table III. To restate a previously mentioned

standard, the K's were calculated using the velocity value for a pipe of nominal
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1
diameter, This calculation in itself tends to magnify the amount of the exper-
imental variance between K's for slightly different diameter systems, A
recalculation of the K's using the measured pipe diameter as a basis tended to
reduce this variation. It was not deemed advisable to include the recalculat-
ed data but instead to continue to express the results in terms of the nom-

inal inside diameter of the pipe (Schedule 40).

TABLE III
VARIABLES AFFECTING THE VELOCITY HEAD COEFFICIENT: SECTION FOUR
NIPPLE DIAMETER

Runs Length, inches Diameter, inches K
7514 T7.75 1,054 1.48
853-6 L 1.048 1,60
771-9 . 1.040 1,68

1135-40 © 7.87 1,018 1.60
1055-8 775 0.840 1.43
1067-70 " 0,818 1,58
1071-=4 " 0,803 1,62
1084-8 " 0,640 1.43
1079-83 " 0,622 1,65
1117-22 7.87 0.494 1.82
1123-8 n 0.491 1.78

Increasing the length of the nipple necessarily increases the head loss
due to pipe wall friction. In Figure 5 it would appear that the effect with
each nipple is approximately the same, causing the curves to be almost para-
llel. An average value of the slope is 0.,03. ' With several of the sizes, the
effect of length was determined with two different diameters of pipe to per=-
mit interpolation and extrapolation between the curves of Figure 5. Considera-
tion must also be given to the relative smoothness of the nipple wall. (See

Table IV.)
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TABIE IV
VARIABLES AFFECTING THE VELOCITY HEAD COEFFICIENT: SECTION FOUR

NIFPPLE LENGTH

Runs Length, inches Diameter, inches Type K

T47-50 775 1.054 Black 1.50

735-8 10,50 " ¥ 1.61

739-42 14,00 " " 1,72
1135-40 7.87 1,018 Galv, 1,60 .
1129-34 14.00 " . 1.89
1067"70 7 . 87 0 . 818 n 1. 58
1063-6 13.12 0,818 . 1,82
1079-83 8,00 0,622 . 1.64
1089-96 13.12 0,622 - 1,81
1084-8 8.00 0,640 Black 1.40
1097-1104 13.12 0.640 n 1.70
1117-22 7.87 04494 ’ 1.82
1105-10 12,12 0.494 " 2,01
1217-25 8,00 0,370 " 2,15
1233-39 12,00 0,370 " 2,84
1226-32 8,00 04357 Galv, 245
124,0-6 12,00 0.357 " 2,65

Threading is not as disturbing on the end of the connecting nipple into
the impact tee as it is on the end into the static tee., Five or fewer turns
into section 2 or five or more turns into section 5 do not materially affect
the coefficient. However, threading in the opposite direction than that
mentioned above produces significant departures. The standard procedure in
all control runs was to thread all nipples into the tees five turns, (See

Table V,)
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TABLE ¥
VARIABLES AFFECTING THE VELOCITY HEAD COEFFICIENT: SECTION FOUR

THREADING INTO SECTIONS 2 AND 5

syt Nominal size, Threads

Rund - inches turned in Section K
677-80 1 3 2 1.64
681-4 . 5 2 1,66
685-8 " 6 2 1.79
689-92 " 3 5 1.49
692-6 . 5 5 1,64
697-9 " 6 5 1,65
876-9 3/k L 2 1,52
857-63 " 5 2 1,51
880-3 n 6 2 1,59
331&-7 . h 5 1 .1}2
888-91 n é 5 1,58

Excessive reaming of the end of the connecting nipple into the impact tee
is not serious, Reaming of the other end of the nipple into the static tee
can be a cause of great variations in the K, The standard procedure for fin-
ishing the end of the nipple was to ream the burr to approximately the pipe
inside diameter with a regular pipe reamer, then to smooth the remaining ridge
with a round file and emery cloth, The nipples were gauged with an inside
caliper to check for hidden ridges. From experience it was found that the eye
was not a satisfactory judge of complete burr removal, Although the prepara-
.tion of the connecting nipple is a time consuming step, it is probably one of
the most important means of securing accurate results. The magnitude of the

variations observed appear in Table VI, -
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TABLE VI
VARIABLES AFFECTING THE VELOCITY HEAD COEFFICIENT: SECTION FOUR

REAMING
Reamed dia- Nipple

Runs meter, inches end - K

5L4=20 1,040 (pipe id) impact 1.68
521 =l 1,078 , 1.61
525-8 1.140 g 1,64
541~k 1,040 (pipe id) Static 1.61
545-8 1,093 " 1.48
5109"52 b I o:ul-o - " i ° 39
553=6 1,182 " 1.38

One of the points of interest in the investigation was the tees, the
similarity within brands, between brands, and correlations of coefficient with
structure, In Tables VII-XI, various sizes of the several brands have been
listed along with the data obtained with them, It was usually necessary to
compare both impact and static tees together in a single installation by
switching them since an insufficient number of tees was available in each size
to test a group of them against one as a control, Although the number of
samples examined in each size was small, it is believed from the consistency
of the data that additional samples would not materially change the experimen-
tal average deviation in the velocity head coefficients. One might point out
an exception to this assumption for the 1 inch Crane tee No, 3 (Table VIII),
This tee was tested merely to determine whether visual inspection of the tees
would be sufficient to weed out bad samples, The shoulders of this tee were
grooved and sloped, unlike the control tees, which would indicate that it may
have been cast in an imperfect mold, The pronounced deviation from the control

for this tee verifibs that visual inspection is important here,



Runs
641 -4
629-32

1008-11

1012-15

1016-20

10214

1025-8

1029-32

1033-6

TABLE VII

Size Tee Section
inches Type No, location
1 Black (3 §
] " ( % g

3/8 S - :
" n L 5

G 2

n " 1 2
G 5

1/4 " & :
n n 3 2
St 5

n " 1 5
(2 2

n n 1 2
(2 5

Vhriable

Controlb)
Con&rol
Inte changedc)
Inteprchanged
Conprol)
Control o
Interchanged )
Inteprchanged
Control)
Control
Control )
New teed
New tee)
Control
Intepchanged)
Interchanged
Revgrsede)
Reversed

Connecting nipple diameters of 1,040, 0,491, and 0,370 inches

19

1.75
1,65
1.81
1.91
2,14
2.15
2.2Q
2.30
2.35

Control position, tee No, 1 in impact position, tee No, 2 in static

position
Tees interchanged in section location

A third sample of the same brand and size

The direction of this tee reversed, location not changed



Runs
605-8
6014
609-12
613-16
617-20

62124 .

925-28
929=32
93336
937=40
Yhlemls5
9Lb~y9
95154
955-58

£
1.65

1,66
1.67
1.70
1,65
1.56
1.45
L.ké
1.52
152
1,66
1.67
1,63
1.1

TABLE VIIT
VELOCITY HEAD COEFFICIENTS FOR CRANE STANDAED TEES IN CONTROL ARRANGEMENT®
Nominal sise, Tee Section
_inches = Iyps Mo,  location Yarisble
1 2 ControlP
3 Galve (3 5 Control )
" H (l 2 Control )
2 5 Reversed®
" " '(1 2 Reverled)
2 5 Control
i " (1 2 -Rcvcrlod)
2 5 Reversed d
n " (1 5 Interchanged )
2 2 Interchanged
n [ (1 2 Control
3 5 New tee®
3/ N ¢ 5 Gontrad)
" " (1 2 coqt.rol)
3 5 New tee
n n (3 2 New t”)
2 5 Control
" " (1 5 Intoruhnnged)
2 2 Interchanged
" 1 2 Control
1/2 (2 5 Oontrol)
" n (1 2 Contgol )
2 5 Reversed
" " (1 2 Rovor-od)
2 5 Control
" n (1 5 Interchnngcd)
2 2 Interchanged

d

Connecting nipple diameters of 1,040, 0,840 and 0,622 inches

Control position, tee No, 1 in impact position, tee No, 2 in
static position

The direction of this tee reversed, location not changed
Toiafintorch@n;od in section locations

e A third sample of the same brand and sise



Runs
1258-63
1264-9
857-63
908-11
912-15
917-20
967-70
971-4
975-8
979-82
986=91
992=5
996-9
1000-3

TABLE IX

Nominal size, Tee Section
inches Type No, location
11/2 Galv, (é §

" " 1 -]
' (2 2

3/k Black (é ?
" n (1 2
3 5

" " 3 2
G 5

L] " 1 5
(2 2

T
n n (% g
n " 1 2
G 5

n " (% g
3/8 5 %
n " i 2
(3 5

" " (3 ?
n " 1 5
(2 2

Variable

Controlb)
Control
Intarchangedc)
Interchanged
Control
Control
Controld)
New tee
New tee)
Control
Interchanged)
Interchanged
Control)
Control
Control
Reversed®
Reversed
Control
Interchanged)
Interchanged
Control)
Control
Control

New tee

New tee)
Control
Interchanged)
Interchanged
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X _
1,28
1,34
1.51
1.55
1,58
1,48
1.79
1.82
1.82
1.89
1,82
1.86
1,88

1,84

Connecting nipple diameters of 1,595, 0,840, 0,622, and 0,491 inches

Control positions, tee No, 1 in impact position, tee No, 2 in static

position

. Tees interchanged in section locations

A third sample of the same brand and size

The direction of this tee reversed, location not changed
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An indication of the variation that can be expected when combinations of
two brands of tges are employed is given in Table X, With the 1 inch nominal
size, the combinations of Crane ard Detroit Brass tees yielded a range of
deviations from -1,2% to +5,9% from the Crane controls, The variation was of
greater magnitude for the 1 1/2 inch tees; being ﬁlBﬁ. The increased variation
can be attributed to the differences in the shapes of the larger tees., For
instance, the body of the Stockham tee showed sharp contours which can be com-
pared to the appearance of a tee joint of two cylindrical sheet metal ducts,
The Crane and Walworth tees were devoid of these striking lineations, In
general the dimensions for the smaller sizes of tees, 1 inch and smaller, were
constant between brands (see Table XVII, appendix)., The small amount of
deviation among brands of tees did not warrant a very extensive study of the
effects of minor change in physical structure on the velocity head coefficient,

The average values of the velocity head coefficients for the brands of
tees studied appear in Table XI. For the 1/2 inch Crane and Stockham tees, an
8.,8% difference was obtained, For the other sizes in which two brands were
tested, the deviation was below 2% per cent in each instance,

The miscellaneous variables that were investigated are worthy of mention,
Straightening vanes in the upstream calming section are unnecessary. They will
also cause deviations when located close to the impact tee., The leveling of
the test section was carefully controlled, However, it is not a critical re-
quirement when held within a X2 degrees from the horizontal, The meter can
be located in a horizontal or vertical plane without change of characteristics.
The direction of a plane ihrongh the static tap in relation to one through the

impact tap is not important.



TABLE X
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COMBINATIONS OF DIFFERENT BRAND TEES IN THE STANDARD ARRANGEMENT®

Runs
1264-9
1270-4
1275-9
1280-3
1284-8
779-802
807-10
811-14
819-22
823-5

AVERAGE
Nominal size,

inches Crane

1/k -

3/8 =
1/2 1,67
3/k 1,58
1 1.67

Size,
inches

11/2

"

Brand

(Stockham
Stockham
(Stockhan
Walworth
(thuorth
Stockham
(Crane
Stockham
(Stockham
Crane
(Crane
Crane
(Cra.no
Detroit
(Grane
Detroit
(Detroit
Crane
(Detroit
Crane

Tee
No.

MPOPNNHHEFEFMDHDDHEEFDODODHDDHEEFEDDHEND

wvmipwvmiIpwmbwvmIpVmIRVIDVMIRDVMIRDVIRDWVND

Section
location

Variable

Controlb)
Control
Cont.rol
New brand®
New brand

New brand

Control )
New brand
Control)
Control
Control )
New brand
Control )
New brand
New brand)
Control
New brand)
Control

Connecting nipple diameters of 1,595 and 1,040 inches

Control position

Other brand of tee

)

Interchanged

Interchangedd

)

1.34
1.54
1,28
1,18

1.70
1.75
1.68
1,80
1.78

Control brand that was interchanged from impact to static location
or vice versa

11/2

TABLE XI

Average K for brands of tees

Stockham

1.86
1.83
1.58

1,30

Detroit Brass

2,22
1.86

1.70



%
Bramh-to-rm Mlov .
The 1lpact teoe nqy be uled luch that the fluid flowl 1ntonthe branch 0pen-
ing and out the run, the remainder of the test a_oction being as ehown in Fig- |
ure 2 for the standard arrangquht. A summary of the rasults of the investiga-
tionq conducted with flow into-'the branch is given in Tables XII and XIII,

'TABLE XII
PER CENT VARIATION IN VELOCIT