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INTRODUCTION

As the temperature of & fluid varies, a change in the resistance
of the fiuid to shearing stress occurs, The tests reported herein were
conducied to determine whether or not a lerge difference in fluid viscosity
would affect the celibration of turbine flom:eéersn The results of these
tests indicete that an increase in the viscosity causes a decrensg in cycles
per gallon cutput from the meters.

TBSTS

Two calibrations were run en each of six meters using MIL-0-5606
hydgaulic fluid, Bach meter was calibrated at 60° F, and 120° B, 0i1,
rather than water, was used for two reasons., Fivrst, the test facilities
existing for celibration with oil at Colorado State University provide much
better temperature contxol. Second, by reducing the temperature of oil from
120° F. to ¢° P., an approximately five-fold incresse in the viscosity takes
place; whereas, the same temperature reduction of water results in only e

two=fold viscosity increase.
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Tdentification of leters Tested

Report Code Description and Manufacturex
i 3/4-14 5608A3356A5 Fischer and Porter
2 3/4--23 S608A3356A5 Bischer and Porter
3 MT-111 Serial - 2500 1/2"  Waugh
4 MT-111 Serial - 2520 1/2"  Weugh
5 FL-128 Serial -~ 3571 3/4" Waugh
6 1/2-9 56084335649 Fischer and Porter

Since only twoe fiuid viscosities were used, it is impossible to
arrive at quantitative conclusions. The data obtained, however, does supply
sufficient information to tell gualitatively what the general effect of

viscosity will be on fiowmeter calibrations,

Table IX

Comparison of CPG Quiput of Plowmeters
at 00 F, and 120° B, Showing dercent
increase Caused by lemperatuze Rice

Resulis:
Mean CPG Mean CFG Difference % Increase

Meter No, @ 60° P, @ 120° B, in CPG in CPG

1 2244.0 2324.5 80.5 3.59

2 1406.9 1457.8 50.9 3.62

3 6464.4 6667.6 203,2 3.14

4 6370.4 6532.4 162.0 2.48

] 1693.4 1735.7 42.1 2,49

6 3558.4 3711.4 153.0 4,30
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120° F. for each meter tested, In every case the cycles per gallom in-
cregsed as the temperature increased, This increase is probably due to

tihe fact that the viscosity is lower at the higher temperature and offers
i2ss resistance to the rotation of the rotor, Since the rotor can turn moze
freely in the low viscosity madium, the cycles per gallon will increase.

It can also be noted from Teble I that the percent increase in
c¢ycles per gallon was not constant among the meters tested. The design of
the meters evidently contributes to the magnitude of the viscosity effect.

The error cauged by & change in the viscosity is greater at low
discharges, This fact is verified by the esccompanying graphs, which show
the variation in cycles per gullom at 60° B, ard 120° B, All of the meters
produce cuzves which diverge ot the lower discharge. The degree of this
divergence is greater for some meters than others; but nevertheless, the
genezal pattern is the same for all of thewm,

RECCGMBRNDATIONS

On the bzsis of the tests so for completed and bearing in mind
thet e limited emount of date has boen obtained, the following recommendations
are made:

1. When uvsing meters with high viscosity fluids, the viscosity

-should be held within approximately 30 porcent of the calibration viscosity.

This is besed on the approximation from the hercin coatained data that &
five-fold viscosity change will cause a devistion of about five percent in
the mean cycles per gallen., Assuming the meter is to be accurate withim

one-half percent and that no errors are introduced by the instruwentation,



Ua

50 percent viscosity change would cause the ope-half percent errer., Por

& P,
example, when using MIL-0-5806 hydraulic fluid with the meters, the tempera-
ture should not deviate moze than about five degrees Fahrenheit from the
calibratign temperature if +50 percent accuracy is to be maintained. The
preceding analysis may oF may not hold true for low viscosity fluids, It

is hazardous to assume its valldity until further tests have been run, '

2. Since the viscosity has & greater magnitude of effect at low
discharges, the meters should be used if posgible at the higher range of
discharges. If it is necessary fo use them at very low discharges, great
care should be taken to utilize them at the calibration temperatures,

3. Because the tests were run with oil, i.t is not advisable to
apply the resqlts to l_ow viscosity fiuids such as watezj or liquid oxygen.
The overall effect will probably be the sm. with these flu:l.da, but whether
the uagnifude will be greater or smaller cannot ﬁw be determined.

4, Further tests should be run using low viscosity fluids so that

quantitative conclusions can be made and a method devised to eccurately

convert the meter calibrations provided to various viscosities.

w4-



0 -+ o o ..Mm [Ty - o o o~ -
3 $ t 1 W_ jALARNRES AERAY He e e 1 B e e
il s SEEE i iR R e s SRR e fsiitiSSe=sme
g n T T e Y R BE DB RURED B = B ot o S B ot s i e
HHH t ﬁ [hessedugs nnay, rrﬂmrL .ﬂ.w.x = ;.fJiTxT - 1V v e
== T T S ({0 AO4A V8 SNE Eu e SMma e mE (1 UOTNE SRR B i = i 2 S
] RSN [ HENERSBES 00 WS AL eana NS 6
L f.v_‘va L t T IvM » L*IJA'Jmﬁi* 4+ 1t 0 s u
1 T ] 56 SARNE AAANEEENWE SR 8 JUnN
| it agdehs e R SES it
+ t +- = e + - e
H w ! i RS AP 1waﬁ1 ;
44+ - %TV_HIJ_ | i S REERE Rt
o Tl SN AREENENRS
== FBash A HE it 33ssas HaaRas =
sxplazenns SE=ST 3t FHT : ]
facsdpteay sesesmosg i s g W £53zs IR IS
w i e e ERASUSE S Yuw
mas B e 1 - -
i E T T snana : ¥ e e s o
T ‘- IR . <
HHHHE FH : : HHH
g c - I i UT o S (A0 ¢ e
T o8 ! R EEE Iorsaeass H
EEES $ ! s 4 FHEHTH G ETT
= RERES aRaEd p 4+4- o 4 L
ot { ; 1 - T,T,leﬂ HT S ﬂ.h } I
6315 58 DR 6 ! = : 28 52 ! 0 R AN ARG NGNS )
ERSEREE il b SEE T R e e
<+ Hi C.uzmi.,. L = HuE aawuY 43 ﬂf ‘- +.r x’l,.lj,fxx‘,x rwﬁ T « 41 = $
" u5; uE I FEANE B EU R ERE T ina hai =8 ] i
- an A 110280 30 uARRARER EREPHB M) oo e
O it - B 8 6 2 I ﬁuH,hTi.,%fu r 5 N s
- T B o e B Bt e e ﬂ; JITI i i 0 4 01 T : -+ o e s
[ T = N 2 AR B iR A EREBA ABAD L.TA Irﬁ i i £,
=t e = . -runna T - o8 v som e s i e
f 3 sHERS o=cHS ESSn Sl 1 wuwxmm.m = 4,@'? S EEERE EEET
§ 1 FEEH R T EEE! ESESS
SR : fassiiopscas==z i PR R e
11 H $ WMA = 1t % +1 .wJa—r - . e v
= us T e b ++ IS . 1 131+ =2 NS et v
“tmxuuw £ EH + EEEEEH i - SRS
HH H T R E=ec
T T R o im0
InY TRERT A § . I | e
ﬂvvla +4+1 4 - 44 ¥
ANNE RS S 3 + i e o gt
T e = e ]
1 ot it e L jf =
1 4 3 + 1* 4 ﬁ;» 86 v 22
BEJ KUNEN ERAESE BN B 7
i : 1+t Lo
i T3 t —d 4 i
1 +H H +
I 18 Al T uL
* L 11 u 4 Am.
1 1 - IH- yﬂ .U
111 {
= H11 ‘o
| ]
1 ] |
il I In
- H
N | iE & Tii
I s iw = = s
. E - I B -4
2EE 0 3 DEEEE 20 e 11
HH FHEE S £
o - :
A 5 T H +
22158 i fagsEcEa st i
34 + C -t B0 5 RS AR
! = ) AEuna EREER
1 1 B B 0 R 0
-] 13 T 3 1 1
! H " 4 ‘wﬁ i B :
1 1 M iS00
R T ERRNR NERE
R i xf,{Tr l*,ﬁ I} 3 frr imnEe
sESEESaSa 35 1 = et
FREss Bt NG : - HE-=
smazsooo ! ! e =
b = 3E2E SEEEE
A—l;lyﬁl . H.vf Vo=
i 1 — = U
23 {eaasgasgs sube i SEEssgec:
)ERE SSEES i o - m SSEs IS,
ERe AUERS pEBEN DS = 1l i
t H T b+ -
i fiEdEen Ens = 3358 sa= s
1 44— e ) 4 3
1 1 i
th |
i i
“ T
{ !
1 9
1 i 5
oS st e B
1 i
} HHES
1 ndlEma =
: HH
! azEs ==
B s
f1.|n
i Y
- b : = o -+
il on 3= 1 L
|1¢,V..w_u -+ E Lﬂdm mAiLY r“.Lxu, »
2ty I 4 4L 4444
.H,m,,‘i 7 S HHE HH
T 1
FRane i
O {0 r
w|T 1 1
~ 1 2
3 i 1k
it 5NN
i L.:i
BER -TJ
1t 144
AR IGENS
i L
1! iy 11y
11 Ll
: =E3EE
| 4
L
<_W
1
T T e t
—r« I +
{ i | e
o o + o
T T 1] 1
| INB) 1 e
- RS g -
T R
T t B3
: T e o L e
= pH SZSESESEas

= :
) " o
i1 i
= H-H
== 28 g
P i A
+ - .
e T
i m
il
MAT 414 t + it
WEY G ARE ERA S 1 8 ERSHT I
¢ s B 4 L 5 i ¥ ;
o T = +H i
s & s == T ’e T sza
_M'IL..Z!W“L» - aas=w ﬁv‘.ﬁ
55 AAEhs pa e S T siais
SRS B + + } —
=8 fpviwx I : — e Wj
baep P fodpetind f R +
s auame i e i we
oa 5 EmEEE TH vizes
L
11
e 1T
e : i
} .Hw.l.ﬂ)»'jlfr I 31
H - + . [
Ean 18 0 T e A 0
T 1. 0 i.m
- 4 ! { I , I | 81
& T T | T 1T} w
T - H1 B 0 0 L Jest
| : 11l
TR 1] 253 1 TR =
4 11 L piit
IRE ) ] T
¥ f | =
{ _Jm a3 1 |
t t
! 2 ¥,
T BE B B |5
i TTTTT 1
3L i ! \
SRNRAREERE i

SdD  ‘ADN3INDIMS

SIWAD EX 2
WRANIICYN ‘OD ¥ESS3 ¥ 13dANaN
« T D721 1-6SE DOIWHLI¥VYVOCT N#I

GPM

DISCHARGE



4.4

i E W

Wt B o 1 -4 L
H _ﬁ:w e i t o
TERREE MRS &N O
euat Py Ld
iSiiatisjananzancaams
@
0T 2 0 22 I O I
= o
bbb L 550 il T
T s L)
| - EMEae
H AL * bk .
it & 4 2 o2 :
b : - 1 ©
58 = T b e e e
G s 2 e 2 s
T = ]
(x e v
It S s I e S o gt = P
IM{l. T -
11
‘‘‘‘‘ $SE8! I
T ) T
EREEE (v,
x I T
Hheh ] e
i i = o W
s s L ]
<t
4 ! '
1 1 Il
I
¥
1H
A sEs
EEE
e s
R e 9
[aRRabal SRS w
+H ~
an
Hgs X
e

S

T

ut
|
}
1]

+

i

=
A

L

11

R

=

t411+-

i+

= 2

=

v e

i B8 3

.
|

= s S
_;.‘__i_d,

iBayREEas|
SEnRasened

1

Sdd

‘ADNIND AN

‘wSTA N30V

*$9[04D g X g ‘Prumyasse]

‘0D ¥3ISS3 ¥ 1344NIN

JOLI-68E

[e1=1%

DISCHARGE.



- - i - _ .. —
= i ‘ : _—
wn ' ¢ { 1 i 1
t:!wﬂf EEUASS 4! LR 4 .2‘1}!_11 ! + 3 1
- - Ff o ) ) 0 0 I 1 S4B , ...A :
i i “ H ST MESE BT B I 4
| g 4184 L Wm 9
. | e e Q
f | o 5 A O :
> ; | e o JWPMV A
il i TR it . | THE IZIOlG
- ; : NGy | et 5 ol -
e i Q// ™ P—nﬂ .b,. 2
i A M uB o e 18 Ciod i 4 B/
W _ ; o 7
i e “ S uddie -
.v - : 32 25 2 £ B2
e

e
o = :
! |
ﬁ.. I il i! | |
T HEgUN FRRY 431 18 e
Lidss) ! ! _ |
o
o i , —f : o
R : ” g -
: _m@ -
fens HE ¢
- 2 o
: I ada
1 W Dx.:.
. - e 1§ PS8 W g
4 : %—.H M Q. m o
L] ! DERGS - 4 ...J...\g
1 R(“.
} ! ,L«,,L.ﬁ 0 1 i } ‘bj
BER 128 L mM B LS8 LS
il | il 8 :w,ﬁw.

910

7

~

=1

=

P

4+

=E

s
==
—=

SdD  ‘ADNINOIN4

'V oS°'n NT3oWR

‘SA[LD) ¢ X ¢ ‘drungjuienon

‘0D ¥38S3 ¥ 1344NaN

OS2 I-6SE

GPM

DISCHARGE

GPM

DISCHARGE



w

CAONINDINA

¥STH NLIoVH

‘824D 7 X g dmmyanio]

1 ¥ 'OD M3ISSA W 1344N3AN

“1011-6SE€

GPM

DISCHARGE,



s 40

ba it
e —

gt

=

\ o

TTirE

L

- Lizo:

Sd2  ‘AON3ND3INA

W'sn M aovn
‘sapos)) g X g ‘druyreso]

1 v ‘OD HASSI ¥ 13L44NIN

TOLI-6SE

GPM

DISCHARGE,



10

4 H T
i SRR [l e
b T ,Q.w a1 1 a5 D
N G 251 R \0
4 i W o 1™
j ! $lu 18
0,0 " m
— i 5 2
I i EERN SRR i 7k L
l‘L \
h =] w
| o
. N
F N L
Lpeliit = m
e 1 T AL -
, , i R B AR a5
o 5 NLE SAAND BRAW 1t m
"l i + L i ::.#‘:..,JL i S 1xen
4 - + + .t 4 + -— vo
E K | AN b
L U & i N 1 I 3 | ©
i 4 ; ] ) R 1 i RENAE Q
0l & o
1 0
1 , 5 0 L 111 1 94 BEIR 8
= ¥
m.v e 7 M) % 2 o 3 L o & ~ @0 o - ™ o~ e
Al

WdO ¢ 39uvHISIA

SNOISIAIG OL X $31DAD €
v SnNI3IYR 'OD YISEI W NIIANIN = |
14-6GE DIWHLINYOOT- (W3S 22

CYCLES PER GALLON



TPUT

OF METER | NO. Z

CHANGE ON CPG
B =~ gO°F.

1600

1500

TP = 120°

;- SES, . H ~ et —fre—t- v
4 “ I 488 5 4 e
- 41 | H e 0 L
| R iEELEaSEE
i i <1 ERERL B e L.i.rLlJI.,.I
: :
: ISRE S0 R RS O 8 I
Y 01 = < A 150 I R S IR RS
! 1 P !
} 2% WL ) L S
] t
ZRRE

i 1 ] o

18 | A8 S L .\
I8 A

1 B

|0

oo

1000

10

P - -

Wdo

‘2A94vHISIa

ol

09376
!

SNOISIAIOQ OL X STIDAD €

YOS N NIV

LL-6GE

OD UISSH W TISANIN
DINHLI¥NVYOOT 1W3S

o4

CYCLES PER GALLON



10

i X 1y , _ 8 -4 Il |
ol T S : W
23 2 9 i TR Lk &l
| o2
Joe ,C4R
il (o] J‘Lvl@ | : M E
il 0 1 e S 0 518
’NLF/ 7 /01 ‘w
| gt Jas® m
: A_/fAm il 4
' S, [S1{e)
| He! ;
| S
W _ O
|
i M 5
i | | 3
“ O
o 3 3 A
|
¥ _ 10
i o F w
09 ®  ~ 0 w - [ o~ 4_4
™ o~ mg R & & ) ~4

el
(4
3A9UvHISIa
SNOISIAIQ OL X §31D4AD €

<n:-:.w=<l .°U¢WMWUG JN.&E—JWZ Wer
1 L-6SE DIAHLINYDOT IW3S bt

CYCLES PER GALLON



£

ERECH MU

-
) 4 FL0 1 0
20—

60

{

llai=

5000

4000

100

™~

4

Wd9

‘394vHOSIag

09876
~

SMOISIAIQ OL X §371DAD &

¥OEA NI IOV

1L-6SE

0D YIASSI W "AINaAN

DINHLIHYOOT- WIS

GALLON

CYCLES. PER



T Jogin s ; i il (BT
__ BB 5 T
s 41 e i BB 808 AR AN R 3
; w E — g U l.IvaI. i o w0 i .oulmy..wxu == I
L ‘ ok e S | T e
n | | Bttt L EEIS L it R
§—o—__, ! i3 ' B L 73 LB ©
__ .JA//,!JTW[ e U 0 b Pl 9 A SaNAN aam
L : > w ] //[ ; ~o | , | i i = w 2 T AN e
TR S R L illﬁ.ll Eao |Io ! : Ead e s i
“ 3 A_ AZO { ! m M L?’., - -
| st NS o LA HHE o
- _ | _ o o} i Q : — O
i m _ i w 1 4/‘ 3 i 1. | <|A6
| - ¥ i L /o G | oy 53
| ¢ = R e 1 o ialle e :
| | 7
@ _ ., _ " e “ :
| | m 1114 _ » g s
E i3 ~ G PR tY !
_ + M ! “ V / o o T
e - i | N 15
Jl & o i Lo BRSS! 88 el S e L
_ i ! u, | i _
| o | / | | o
e I i v . S
, . i | /r P T 7
_ _ | 3 b
| e A 1 e
e * _ / w P
] m Bro 39 1 ! | ik i -
| I 5 g e s M w xm
A i | i
f 3 5 ATeE LG 1, PR N KR! 174
_ i il q b
i | . :
| - i B | :
m it ” h e
: , “ M . 2 P
* ». - . | 1
g T BLRIN | ; i I
w “ ‘ { N
b el | M 021 158 0 e
D o o ~ o 'ed o~
i 2 mw o & © sy P i =

10

Wdao

¢ IoMvHOSIa

SNOISIAIGO OL X SETIDAD ¢

¥ SN NIoYN

. 1L BSE

OO HISSAE T1I44NIN - wd
SIWHLIEYSOT-1Was 0T

CYCLES PER GALLON



1175 e A A OO B L3 YT R SETER B L T R R S R 1 T R [ i (7 50D NN RO T R
L A o R S R B | n N -t el RO SRR IR S RS RE AEBEN 5 A v i
& e e e s ! _ _ i i AN WS I S o SRR | | . M E B
et bl i el : i LS UV NI ST A8 NN i o8 , | | B 4 : “
_, A L T W R SIS DD e ey o 4. o] U0 S R R 1 USSR B AR MR B 1 o PG B, .
Bl RIS N T R Rk BOM™: Ll F Lk s D 1 | “ =
| _ i | , ! e e S B i FoE | _ .“ ko]
ﬁ d ek L ﬁ . EEA, u%@ Ll m i s e | | o)
, : (RGO R IS B ,F«L..Fﬂu_'s_ ile‘.!\.ﬁ-ilﬂ... O M S0 TN i n-.ww
Wi e i i | s
oYW V) i i } | ¢ ! 1
= S i § i i ,” {
— :l.m]"w—.,E.ylb lf-I:W.lfv 15 gt o o o e 55 R ey e Sa = = .JU
2R g el : i
ﬂ..., < | g el e | : | : et
T ) T g PR ; ! | Q
S RS s IR S U R BN i S et B BSHRS o RIB IR
Raran R el ®

|
T i

3600

CYCLES PER GALLON

|
i

3400

e LI ]

I

|

LUIET
3200

|}
1
t = g il - 21H, S .I.;lxuxﬂw
| i H ) : m } ¥ } : “w
: : b ! w ,. O " m u . |
! : : R i RN , , et 4 i Py : % :
_ o Pl m e m o e “ _ |
e e o | , , ; _ | . | i | : , RN T
e i e i e e e i U S ST S T A e S PR F o |
" it H | m { " { ‘ { ! < m L _ i ” | w ; { , _ "
{ i ey M . i " t “ . {4 _ _w ! _ M i : | 1 t | }
wan ol o il fakasts | { i Jieest 1 i i g ! ! | { k. b
SE e S A O SO 1 BN R SRR | 5T RO it N 1 i e MR AR e i i A T e e o “m
bo oo (Ml | “ | “ A A N i | . _ 1®
i \ H b o3 s ™~ - o - ] el -~
a\(‘ o> «©< L o n - oy [

¢
Nd9 ADHVYHDISIA
BNQISIAIQ CL X 3194 T
voE A N 3GYW ‘OD MITSEI W I-AENAN 2oy
i9-8G5¢ DINHLISYDIO I WIS .M.#y



	CERF_58_05_001
	CERF_58_05_002
	CERF_58_05_003

