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EVALUATICN OF THE EFFECT OF APPROACH TUBING
SIZR UPCY TR CALISPRATICH GB
374" TUISTNR BLCWHBTERS

(Undez Coniract DEN-37=10105)

Tests have b2en rua on tws 3/4~inch £ 1&\75.9 ers using 36 inch

approach tub2s with three infternal dizmeters. The meters and the tube

diameters tested e a5 follows:
Hetes XI. D. of approach tudbing
1, 3/4"-80-CGIMD-1 1, 0,650 inch
2, MI-1i0 231} 2, 0.584 inch

<R 0 481 inch .
In 211 tests, the internal diameter of the tubing on the dischaxge
gide of the meter was 0,650 inmch, The fluedd used was MIL-C-5600 ranging
in temperatuse fzom 68.0 to 82.0°FR,
=2
The dota obiained fzem these tests are plotéed oa the following
graphs, Ten to tisalve poimts were cbiained over the ramge from one teo

.

fiftcen gallons per minmute for each of the tublang diameters.

As can be gezn frum the geaphs, ne noticesble differences were
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approach tubing was reduced 45 par cemi. Xt eppears that over this range
of %tubing sizes for these pasiiculor meters, no varistion from the celi-
ration curve will ©be caused by changing the entrance tuding size,
The effect of varziation of the viscosity was not tested herein,
however 3t is worth noiing that the fluid usad is several times mose visccus

than water,



FLOW METER CALIBRATION
R COLORADO STATE UNIVERSITY
DATA :
METER NO.__MI=110 2511 . = NO. OF PULSES /REV: - _ _ _ _ _ _ o ______ MANUFACTURED By: _Weugh Engr, Co.
TYPE OF FLUID :_ MIL=C=5606 TuBE ©0.0.__ 0.750 TUBE 1.D.__0.650 _________ I o s

CALIBRATED By:__videon = _ DATE:_ _Y0=22w57 _ _  ___ _ _ _______ Twme:_ 2845 PMe o _
Remerks:_ __ _For Engineering Bvalwatiom o e
RN T | T |TImE osC. oo W We AW | TEMP | SPECIFIC | VOLUME - 50 CYCLE CHECK
No|sec. | sec. | sec. | CYCLES | CPS |oon g [FAPNGl o \er| Lps. LBS. LBS. >F | WEGHT | GAL. WG PM r s Tresone
1 (1903 |2003 | 100 | 40183 |401.83 B | 40,0 10 | 1,20 | 168,40 | 167.20 | 72.0| 7.1517 123,379 | 1719,0 | 14,027 | 11 | 660
. -L_d_ | AN | ‘ ‘
2 003[_;03 {100 35158 351,58 B 34.8 10 2,00 149,20} 147,20 r 72.0 7.1517: 20,583 1708.11 12,350

| | ;

S W e ) = e e e o Y R — g - I—— . ) . - ch i
3| 163; 2p3 100 | 30090 (300,90 B 30.0 10 3,70 130,55 | 126,85 : 72,0 7,1517: 17,737 1696,51 10542

e i | !

4i,_zﬁ03_';r:_3_o;_“; 100 | 25150 251,5!.B 25,2l 10 | 2,35 | 108,65 | 106,30 ' 72.Q_ 7.1517 | 14,864 | 1692,0' ~8,9183

_.-.' il e QAR N, ke . ; x :
_ | S ' NS, IR SRR T e DS {
(5303 403 100 | 20078 200,78 B | 20,05 10 1,70 | 87,20 | 85.50 | 72,0 7,1517 11,96 1679 7,176
. T | _ L ) B | { { — i
|6 403 503 :100 | 17602 176,02 A | 17.49, 10 | 2,45 | 77,70 | 75,25 | 72,0 7.1517 [ 10.52 ' | 1673 | 6,312
|- :
[ Sa— T [ . m——— L e e e et s e + o ——— B S ——

1 65,00 | 72.Q 7.1517 ;9,089 1661 34453

7. 503 603100 | 15100 151_00‘ A 9%15.08 10 | 2,00 |._

|8 6037703 100 112618 126,18 A | 12,58 10 | 1.90 | 56,60 | 54.70 | 72.0 7.1517 | 7.649 | 1650 | 4.539

PR . I i |

e SURUUNESO. ISPV, NSRS A S S

I

110,00/ 10 | 56,60 100,85 | 44,25 | 72.d 7.1517 |6.187 | 1629 | 3,712
i |
|

9 703 803 100

10031905 100 | 7554 |73,54 A | %52 10| .0 | 35.00 | 3m.s0 | 72,9 7.5 | aras | 198 | 7.6
11 963 3043 140 | 7026 (5019, B 50,0 | 1 | 35,90 | 68,70 | 32.80 | 72.0 71517 | 458 | 1532 | 1965 | 11 | 661
i : . } ‘_ -‘_; N 2 SRPISNILE S SR

i i i

Y AdL CY‘“,'_"’:?. - paly) 220.6,4,4 £ R - §
OTAL e RS L SONEIRNE el e
ME AN LES PER GALION:_1680,7

—~
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. FLOW WMETER CALIBRATION %
. COLORADO STATE UNIVERSITY
DATA '
METER wno._ '@¥=110 2512 NO. OF PULSES /REV. - _ _ _ _ _ _ _ _ __ __ . _____ MANUFACTURED By : _Waugh Engr, Coo_ _ __ ___
TYPE OF FLuiD :.__MII=0=5606 ___ ________ TUBE 0D.__ 0,750 _ _ _ _ _ ___ _ _ _ _ _ _______. TUBE 1.D.._._9.584 ______ ‘=& ___ _ _
CALIBRATED ®BY:_ Videom _ _ DATE:_ _10=22e57 __ __ ___ _ ________ T™E:_ 2300 PM. _ _ _ _ __ _________
REMaRKs:_ _ _ For Ingineering Bvalwation o
RUN T TF TIME QSC. MULT |- We We AW TEMP | SPECIFIC VOLUME 60 CYCLE CHECK
NO.| SEC. SECL LS EC. CYCLES | CPS F.QﬁLE. A PLIER| LRBS. LBS. LBS, o 3 WEIGHT GAL. CPG GPM TIME | READING
1 [30761[30861| 100 | 40226 |402.2 L. | 40 | 10 4,10 | 170,85 | 166.75 | 77.0| 7.1352] 23,370 | 1721,3 | 14,022 | 10 1600
2 |30861[30961, 100 | 34967 349,67 B | 35 | 10 2,25 | 148,50 | 146,25 | 75,0] 7.1418 20,478 | 1707,5 | 12,287
L‘—-—-: —-———-—-—-1,.___ FEVOREIG S —— - ®ars 1 e cmase e PRISSRIpp (S— PSS, F— RO - DR “— -~ g - At pE——
3 :30961 31061 100 | 20210 (292,10 B | 29.2| 10 3.35 | 127,20 | 123.85 | 73.0| 7.1485, 17,325 | 1686,0 ;| 10,395
,LJ@},;?}_MI 100 | 25010 250,10 B | 25.2 |10 | 5.35 | 111,70 | 106,35 | 71,5| 7.1533| 14,867 | 1682,2 | 8,9202
g , ek A y
5 31161 31261 100 20041 _20049_1* B 2?.0 ___1_0 2_.7_0_~ ____3{_3_,»3%‘_ ) 85,95 | 72,0 7.},§_].7 11,98 1673 7.1823
- 1 e i ; o N ‘ i i
6 31261 31361 100 | 17460 [174.60 A | 17,5 10 | 7.05 | 81,90 | 74,85 | 72,0| 7.1517 10,47 | 1663 | 6,232
. o ‘ _ I, (. o S| ——
7 31361 131461 100 | 14952 149,53 A zr_;_q.% 10 | 2,85 | 67.40 | 64,55 | 72,0! 7,1517; 9,026 | 1657 5.416
8 461 561 100 | 1255  1125.56 A 12,5010 | 3,20 | 5775 | $4.55 | 72,00 7.1517) 7.628 | 1645 . | 4.577
s L. . R DS N T N T . R _
9 5617661 100 | 13039“_199,3@;_;_\__“1“;9._9;7 10 [ 57,75 | 102,20 | 44.45 | 72,0| 7.1517| 6.215 | 1621 3.729
10. 663 763 100 7514 75.14 A | 7.52:‘f 10 6.45 | 40,10 | 33,65 | 72,0| 7,1517| 4,705 | 1597 2,823
; L] . ( !,
NOMT W 0 TO% (6% | 201 % 160 | 72,80 | 32,70 | 72,0 7.1517| 4,572 | 1528 | 1,959 [ 11 1660
i ' | ‘ i - WS (e e - N——
o ; I o
. 4 |
S .
- e i - -
i ;

TOTAL CyoLpERTe 218998 0 . . -
TOTAL VDL RAREET X300 @E. = v Ll " st
A ”\%LFS PER GALILON:_1676,3 _ _ _ _



FLOW METER CALIBRATION e
* COLORADO STATE UNIVERSITY
DATA
METER NO.._ ¥T=110 _ 2511 _ ___ . __ ____ NO. OF PULSES / o T MANUFACTURED By: hogh B
TYPE OF FLUID : MEL=D=8606 _ _ _ _ _ _ _ _ _ _____ TUBE O.D. __ ___ 0,750 _ ____ . Tuee 0. D482 " AW - _
CALIBRATED By :_ MHuekeby _ _ _ _ _ _ _ _ __ o _ DATE:_ _10=30=57 _ _ _ _ _ _ _ _ _ _ __ ____ TIME * _ _ A30OM . -
REMARMEC S I SRBBRSaring OUBMIRREROI . . . o o i i i i e S e i S, S S K St e s i, e v IR G
RUNI T, T |[TIME osC. _Imuet- W We AW TEMP | SPECIFIC VOLUME 60 CYCLE CHECK
NO.| SEC. 5eC. SEC. CYCLES 1°CRo SCALE EAGY PLIER LBS. LBS. LBS. o F WEIGHT GAL. i GPM TIME | READING
1] 4200|4300 100 35000 | 350,00 B | 35,0 1¢ 1,95 | 146.85 | 144,90) 79.8 7.1273 1 20,330 1721 12,192 33 ! g60
- 1 ) ir .: ]
|21 4300|4400 100 29568 | 295,63 B |29.6! 10 2,80 | 125,85 | 123,05! 80,8 7.1239; 17,273 | 1712 10,364
! | | |
| 3 44004570 100 25200 | 25200 B | 25,2 10 2,50 | 108,80 |. 196,30 82.4 7,1192] 14,931 1658 849584
! | i '
| 4| AS;,OQ_! 14600 | 100| 20025 200,35 B | 2005 10 | 1,9 | 87,9 86,001 81.3 7.1239| 12,072 1659 7.2432
i i j- }
—-———-—4— -_ ' ; ———— —_— ’
_s_qﬁm_mg. 100 37476 1 17476 A | 17.5 10 2,20 | 77,90 | 73.70] 0.0 7.1257] 10.624 1643 6.3744
i t i }
S—— | | !
| 647004800 1 100 | 15120 | 151,20 A | 15,0 10 2,05 | 67.70 65,65 ! 79,0 T.1289 ) 9,208 1642 | 5,525
I T | S | n I S _ ST |
745004900 100 | 12604 | 120,04 A 'r 12,50 10 | 2,40 | 57,40 | 55.00| 78.4 7.1304; 7.713 1634 | 4,628
L_B.-;._ﬁz@ow._s-_a,og.ﬁ__;m 10043 _ 100,43 A | 10,0 10 | 1,40 | 45,55 | 24.15| 75,4 7.1320] 6.190 | 1623 | 3.714
O s~ I T o N S . S R S S -
9 5000 S5100. 100 7404 | 74.04 A | 7.5 10 | 45,55 | 78.55 33.00] 77.8 7.1336| 4.626 1601 2.776
(e . 300 ¢ 4.0 .. fe3 19 .. 8332 | 4O :
i { i
FRTSRPN: SN L TR { — - oozt
10 510015300 200! 12004 60,02 B_| 60,1 & 5.80 | 60,30 54,50 T7.G 7.1352| 7.638 1572 2,291
11 5300 5500 _200] 10212 51,06 B ! 50,1 1 | 4,50 | 51,65 | 47.15| 76.4 7.1387| 6,605 | 1546 | 1.932
b ’ ; : ' : . FOPE SRS | . e e —
12 5500 5700 200! 818 (40.90 B | 40.6 1 2,95 | 41,85 38.,90| 75.9 7.1402| 5.448 1501 1.634
, .
M % L S | =
13 5700, 5900 200! 6104 230,52 B | 30.4 1 | 3,45 | 33,95 30,50 76.0 7.1387 | 4.272 1420 1.282
| 14 5500 6200 300. 6366 21,22 B | 20,1 1 | 33,95 | ©8.45 34,50 76.9 7.1387| 4.833 1317 C 9660 11 [660
TOTAL EMELES:.. 215,311 B .
TQ‘ AL CREILAAE it o 138, 763 o P s =
MEAN CYCLES MER Gal ON:_ _  1634,07 s
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TURBINE METER CALIBRATION

4
\h
METER NO'__ 3/4"=80 GLMD=1_ NO OF PULSES /REV.:
TYFE OF SLUID: _MILeO=5606 TUBE Q0. 0,750
PATE . 10-21=537 1.0 0,650
CALIBRATED &Y :__ Xideon : T .
m,.ziﬁ\i' WSt _Torx ingingering Bvaluation
RUN NO.{ TIME [CWLES | CPS  JOSC. MULTI=I READING | W We AN ITEMEY SPECIFIG | VOLUME é
SEC) SCALE |PUER, {es.) | L8S) {,,.a 3. { BF | wWESHT | GAL) GPM PG
1 100 25128 |251.28 | B 110 25,1 1 6,55 !_22,7_.55,,,!,221.00__“ 73.0 17,1485 130,916 118,549 812,8
l L | ! , i
2 100 199 199,88 | B 10 20,0 2,00 (177,80 (175,80 |73,5 | 7,1468 |[24,598 | 14,759 812,6
|
3 100 17490 [174,90 | A 110 17,52 | 2,30 }156,10 |[153,80 |73,0 {7.1485 |21,515 {12,909 8I2,9
i , |
4 : 100 {14706 1147.06 | A 110 | 14.70 | 3.50 1133.30 [120.60 {73.0 !7.1485 |18.130 [10.378 £11.1
i i | i {
5 100 12428 1124,28 | A 110 12,42 | 3,35 113,45 (110,10 [73.0 |7.,1485 115,402 | 9,2411 £06,9
j i
L6 100 10100 101,00 i A 110 10,09 | 4,55 93,70 | 89,15 72,5 17,1501 {12,463 | 7,481 810.1
i z
' 7 [ 100 8002 8,02 | A |10 7.975 | 3,25 173,85 70,60 (72,5 17,1501 | 9,874 | 5,924 810,4
8 100 5988 | 50,88 [ B i1 16000 11,00 155,75 153,85 _ 172,5 17,1501 | 7,531 | 4,519 795.1
5 , 1
9 i 100 5040 50, 40 B 1 50.40 155,75 101,50 45,75 (72,5 |7,1501 | 6,399 | 3,830 787.6
i
10 1060 4038 40,38 B 1 40,30 | 2.55 139,65  137.10 17245 [7.1501 | 5,180 | 3,113 778.1
i
11 120 36390 30.25__| D 1 30.25 | 30.65 | 73.00 | 34,25 72,5 (7.1501 | 4,790 | 2,395 757.8
12 —i680 3251 20,328 1 20,30-1-73,90__1 106,20 32,30__{72.5 }7.1501 4,517, 1 _1.694..719.7
13 ~300 3034 10,11 1A i1 10,00.1.14,.30 50,40 36,10._i72,.5 17,1301 D049 1.010 .600,9
TO0TAL CYCLES: 132,822
TOTAL.  VOLUME . 166,38
MEAN OWOLES PER GALLON: 1798.3
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FLOW METER CALIBRATION 4 :
y COLORADO STATE UNIVERSITY =
DATA
e il vl Wit T NO. OF PULSES /REV.  _ _ _ o e MANUFACTURED - BY ‘_ - __ _ __ _ ___ __
vttt AT Tuge oo.__97%° _ o __. TUBE \.D...DQe384__ _____ S
CALIBRATED Bvi___'i%€°B _ pATE:_ _20=21s57 o __ TIME Y o e e
For Engineering Evaluation
REMARKS: Cin. o o o ot o s o o o e et S i i S s o iy oy s o o o i o e e S o e i, s ], e 5 o S . i S sy i sy i o SRR -
3 CIFIC &
RUN| To T [TIME oscC. MULT1- Wo We AW TEMP | SPECIFIC | VOLUME CPG GPM &0
NO.| SEC. SEE 5EC. SGLERD | CHS SCALE PRI PLIER| LBS. LBS. LBS. F WEIGHT GAL. TIM!
1 80 [ 20162 P52,02] B L1011 10 | 5,35 |182,75 | 177.40 | 72.5| 7.1501 | 24,811 | 812.6 | 18.608
2 lL 1001719968 199,68 B 20,00 [ 10 | 2,00 | 177,90 [175.90 | 72.0 | 7.1517 | 24.596 | 811.8 | 14.757
! ! - : ~ !
S D T 100 11175927 175,927 AT 17.6071 710 [ T1.25 | 156,10 [154.85 | 72.0 | 7.1517 | 21.652 |812.5 | 12.001
i T ? : j
C (100 [14324 148,241 A 14.99 [ 10 | 3,15 133,70 [130,55 |72,0 |7.1517 |18,254 |812.1 | 10,952
: - I S - -
T anaw (100 112578 425,78 A 12,53., 10 | 5,40 |116.60 [111.20 |72.0 |7.1517 | 15,549 |808.9 9.329
e i A S e e Seme s o= '
3 ‘ { 1
6T 7100710088 ~J00;88 A 10,09 | 10 | 4.40 93.85 | 89.45. 71,5 [7.1533 12,505 1806.7 | 7.503 |
r‘ T i ; : . . - " .
T —“I'Ioo 8040 180.40] A 18,00 | 10 | 1,40 | 72,60 | 71,20 {71,5 |7.1533 | 9,953 |807.7 5,972
P [ o o SEESCTES. N -, . : ' '
g T 100"““6(538_" '60 387B 60,10 | 1 | 7.35 | 61,5 54.15 71,5 [7,1533 | 7,570__|797.6 - | 4,542
T 4 : T i '—'"g e - : Mt . e T > :
¥ "‘"""”"""'_"fIOCY 15004 {50, 04 B f9 .80 [ 1 |0,45 | 45,80 | 45,35 [71,5 |7,1533_| 6.340 |789.2 | 3.804 |
10— 100 4022 40,22 B 40. 1 [45.80 82,60 | 36,80 |71.5 |7,1533 | 5.144 [781,9 3.086
11 120 (3644 30,37, B 30 40 | 1 | 4,00 38,20 | 34,20 [71.57.1533 | 4.781 |762.2 2.391
12 1160|3226 'lzo 16 B zo 10 | 1 38,20 70,15 | 31.95 |71.5 |7.1533 | 4,466 722.3 1.675
.- 30112994 5.95 & }Lo .00 | 1 [70.15 [105:65 | 35.50 |71.5 |7.1533 | 4,963 |603,3 0,993
| gism e
TOTAL CYXCG 128'!’@ A SR g e e e
TOTAL . MO L\ ME:_ _ _ 160,58 P IR
MEAN CYCLES PER GALLON:_ _ 798421 _ e
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FLOW METER CALIBRATION

COLORADO STATE UNIVERSITY
DATA

———— — —— — — — — ——

TvPe oF FLuD  _MUI=QeS606_ _ __ _ _ _ __ _____ TUBE O.D.__ ___ i NS TUBE 10y o TeIRR
CALIBRATED By:_ Suehkeby __ __ _ __ ____ _ DATE:_ _ dWeS157 _________ rvg BO MW
REIMIARD L o o i T e i o s s st e i it i i o o s e o s i S s i e s o A i o S S e WO [ e AR T e O A G [ b . (S ot Sl U DS
RUNI To Te |[TIME OSsC. MULT - Wa W, AW TEMP | SPECIFIC VOLUME &0 C
& F
No|sec. | sec. |sec. | CYORES | P8 Hoe e [N oLier| Las. LBS. LBS. °F | WEGHT | GAL. e CPM =
i €33116508 | 53 | 120613 [2532.2% D | Z5.1 0 1,60 | 112,68 | 230.08 | 72.5] 7.1501 | 15,503 | BI3.52 | I8.093 3T
' - o 4 ] TSI T
2l 6501{6561 | 60 | 12164 (202,73 B | 20,1 12 2,35 | 108,70 ICE.50 | 72,0] 7.1517 | 14,001 | SileW T 1He074
: ! o
B U F R ) M (o B S U7 I o P W I . A £ T K0 > B &1 0 19 J e S P S S0/ £ .2 L B2 T LS 2 T e e T
; ! i .
4 60661 6761 | 100 | 13036 15530 4 5.0 19 155 [ I33.95 | 132,877 TGOS 7.1568 | IS.000 | BIF.30 | TI. T
'_—.i T T S ;’ ey o S . S eSS VL
S ; : o . i o
| 5 6761 6861 | 120 | 12560 | 125,60 4 | 12,5 IO 1.60 | 113,35 | 100.45 | 70,0 7<E301 | 15,290 | S2EE5 | 91739
i o : | R !
| 6 6361 6961 . 100 | 1034 (106,38 & | 10,0] 2,10 TUE0 | IDLET | 005 7.130F [ ST TRING T Eeei
= il s -
:__..:._._,__,,_".____.H.....;. e . oot o 0 ! { P P
. 6861 7961 100 2540 | T8.4D A | T.5| 10 2.15 $P.43 G730 0.0 7.I0I6 | 9307 TRGE S05T
i §rois Sl R I _,__...:_-,__,,4___ : f .‘._4. ik R WS et & SEE—— -,__....{ P =
. - ..}-.... i * ; A .4,......,..';........__..“ S T o (PSP U S ,.JA_ s = L LX) oy w ! PR R Y
| 8 TC61 7161 10| €038 T 63,38 D | 600 1 1,90 55,18 RIS UG O Ze435 0K wedst
| e S T 5 r i S+ % EeA e s S elaue e et - e e .
o 7161 a1 100 | 5020 | SO-0TTTTIOMO[ I TTINIY [ TE7S05 | G475 | 655 701032 | 6,247 8035 —3e74S
keSS S N R I L I TS I I 0 il Il N T
15 "7:;’51:'?551—_ ﬂsn 60484 _____33‘2?1__3__‘__'?@‘:) o x ___M};_ 59.:;) S5 .:-'0 6820 ?o ;_éf;_) 7-933 757.1 20393
12 7361 7761 1 200 | 404D 22p B | 20.2) 1 195 42,35 | 40,40 | 68,7 7.3164% | 5.038 | 716.6 1.601
i i 3
5 | 312,230 | ‘
TOTAL CENCUFS T IR sy TR - A e e e e
TOTAL VOLUME:_ __.._ 3399 _ _ __ _ -,
MEAN CYCLES MPER GAULON:_ _ _835,8 _ __ ___
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