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1. SCOPE:

This SAE Aerospace Recommended Practice (ARP) provides analytical and test methods
for determining pressure drop in fluid systems such as hydraulic, fluid, oil, and coolant used

in aerospace vehicles. Determining pressure drop by analytical and test results will be
discussed.

2. REFERENCES:

2.1 Applicable Documents:

The following publications form a part of this document to the extent specifiled herein. The
latest issye of SAE publications shall apply. The applicable issue of ether publications
shall be the issue in effect on the date of the purchase order. In the'event of conflict
between fhe text of this document and references cited herein, the text of this document
takes pregedence. Nothing in this document, however, supetsedes applicgble laws and
regulations unless a specific exemption has been obtained:

2.1.1 SAE Puplications: Available from SAE, 400 Commonwealth Drive, Warrgndale, PA
15096-0001; www.sae.org

ARP4386 Terminology and Definitions for Aerospace Fluid Power, Actuation
and Control Technologies

AS4395 Fitting End, Flared Tube Connection, Design Standafd
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2.2 Related Publications:

The following publications are provided for information purposes only and are not a
required part of this SAE Aerospace Technical Report.

221

National Fluid Power Association Publications: Available from National Fluid Power

Association, Inc., 3333 N. Mayfair Road, Milwaukee, WI 53222-3219; www.nfpa.com

NFPA/T2.12.1

Hydraulic Fluid Power — Systems and Products — Method of

NFPA/T
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RE DROP: A fluid flowing through a tube meets a certain amount
n a certain flow rate is known as “pressure drop.”
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f a hydraulic systems(including tubing fittings, valves, etc.) throug
d will have a certain‘pressure drop. When using a hydraulic test s
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must be placed at a sufficient distance from any flow disturbance, as shown in typical test
set-ups shown in Figures 1 and 2. As a guideline, these should be installed at least 5
times the tube inside diameter upstream and at least 10 times the tube inside diameter
downstream from any other connection using straight rigid lines.
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3.1

3.2

3.2.1

3.2.2

3.2.3

(Continued):

The test set-up in Figure 1 is for testing a 4-way pilot operated solenoid valve. A similar
set up and procedures, with modifications can be used to obtain the pressure drop of any
hydraulic component. The pressure gauge in Figure 1 will actually measure the pressure
drop in the component itself plus the “tare pressure drop”, which is the pressure drop due
to fittings and connecting tubing in the circuit. The test set-up of Figure 2 (which is
essentially Figure 1 minus the hydraulic component) can then be used to measure the
“tare pressure drop”. Subtracting the “tare pressure drop” from the total pressure drop at

the same

flow and fluid ‘rpmlnnra’rum gi\/nq the anpnnpnf pressure r{mp at

that flow and

fluid templerature.

Test Equi

The equig

bment:

controlled operation can be maintained throughout the testeriod.

Tank: T

ment for pressure drop testing should be so constructed that continuous

he tank should contain some means for controlling temperature viariations. The

fluid temperatures during pressure drop runs should*be held such that thg viscosity
matches that of the intended service.

Baffles

should e provided. Evidence that there.is'no entrained air should be obs

transpa
the test

Pump:
suction
the pum
rotation

specimen, or in the transparent flow meter, if such is used.
The pump should bemoeunted as close to the tank as possible to

p should not be’exceptionally high. It is better to use industrial pu

obtained either by<4hrottling the pump outlet and diverting excessive flow

variable

NOTE:

flow control directly on the pump.

may need to be attenuated to a low value

pr other devices to remove turbulence and entrained air at the purmp section

erved at a

ent tube section in the supply line downstream of both the low prg¢ssure tap and

Mminimize

osses and to preglude the possibility of sucking air into the line. The speed of

mps of low

hl speed than ‘aircraft pumps of much higher speeds. Flow variatign may be

br by using a

Since low speed pumps give higher pressure ripple, these presgure ripples

Flowmeter: Equipment for flow measurements should give accurate and reproducible
results. Therefore, they must be calibrated periodically by weighing fluid that flows
through the instrument in a specific time period or by some other means. Empirical
calibrations of turbine and float flow meters are not considered satisfactory when data
accuracy better than 5% is required. Test temperatures should be that required to match
the fluid property (density or viscosity), to which the meter is sensitive, to that at which
the meter is calibrated. If this cannot be accomplished, appropriate corrections must be
applied to reflect the different value of the fluid property.
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3.2.4 Pressure Taps: Pressure tap fittings, Figure 3, or piezometer type tubes, Figure 4,
should be used to measure pressure drop. Tee fittings are considered undesirable. All
drillings and flow passages should be smooth with clean intersections. Piezometer type
tubes, Figure 4, are preferred over the pressure tap fittings.

3.2.5

3.2.6

4. THEORY:

4.1

Pressure Differential Measurement: The means of measuring pressure differential
between pressure taps may vary with the pressure, fluid, and the required accuracy.
Accurate gages, strain gage transducers, mercury manometers, and air-test fluid
manometers are some possibilities. The best means of measuring the pressure

differen

ials is the use of a Qinglp gage, where the high and-the low press
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minimur
graduat
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columns become unmanageable at higher differential pressures.
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bter connections to eliminate trapped air.
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je errors to a
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L = Length of tubing

D = Tubin

g diameter, internal

A = Area of tubing or passage

p = Fluid mass density
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4.1 (Continued):
sq = Specific gravity “ of fluid
M = Absolute viscosity
v = Kinematic viscosity

g = Gravitational constant

NRr = Reynolds number

o = Energly loss coefficient

f = Frictiop factor

S = Dimenpsionless factor used to solve for Q

T = Dimemsionless factor used to solve for D
4.2 Line Prespure Drop:

The presdures and flow rates at any twopoints in a liquid continuum are relpted by the
Bernoulli’s equation of flow for incompressible fluids:

Ps+pgh+pV¥2+P; =constant (Eq. 1)
where:
P =[Static pressure

p =[Fluid-density

g =|Gravitational constant

h = Height above a datum
V = Fluid velocity

P: = Pressure loss due to friction between the points being compared.
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4.2 (Continued):

The pressure loss due to friction, Py, in a straight run of tubing can be calculated by the
Darcy-Weisbach formula:

Pi=fLpV?/(2D) (Eq.2)
where:
f = Frictonfactor
D = Tubing diameter, internal

The valud of the friction factor f depends upon whether the flow in the tube |s laminar or
turbulent.[The existence of laminar or turbulent flow is strongly dependent the
corresporlding Reynolds number, N g, which is given by the équation:

Nr=VD/v (Eq. 3)

v = Klinematic viscosity of fluid at the fluid temperature and pressure

The flow ends to be laminar for low values of Reynolds number (less than about 1400), is
turbulent for high values of Reynolds:number (higher than about 3600), and may be
laminar or turbulent for values of Reynolds number between 1400 and 3600. When the
flow is disturbed by the presence of bends and fittings a turbulent condition|is found to
prevail down to the lower eqd of this transition range.

The valud of the friction-factor f during turbulent flow also depends upon the internal
smoothngss or roughiness of the tubing.

The relatipnship between the Reynolds number and the friction factor f for 3 smooth tube
is shown [nCFigure 5. The value of f can also be calculated from N r by the ¢quations:

f=64 / N rfor laminar flow (Eq. 4)
and

f=0.316 /N R°'25 for turbulent flow in smooth tubes (Blasius Law) (Eq. 5)


https://saenorm.com/api/?name=74c4d48906b7e1154278d887a8d7d849

SAE INTERNATIONAL ARP24E Page 7 of 16
4.2 (Continued):
Combining Equations 2 and 3 with Equations 4 and 5, one gets:
Pr=32vLpV / D? for laminar flow (Eq. 6)

and

P;=0.158 v*?° L p V'"® / D% for turbulent flow in smooth tubes (Eq.7)
The above equations can be used for any set of consistent units, whether<gnglish or Sl
units (see Table 1 for sets of consistent units). See Table 2 for viscosity’conversion factors

to help adhieve consistent set of units.

If non-corn
dependern
viscosity\
specific g
and 2 are

and

Sometime
to be calc
used as b

sistent units are used, then the equations will havedan additional
t upon the selected units. For example if pressure.drop Psis in p

ravity Sgq, flow Q isin gpm, and line diameter. D is in inches, then
replaced by Equations 8 and 9 for use with Equations 4 and 5:

Nr= 31626 Q /(D V)
P =0.013479fL s, (Q)* /(D)
s the pressure dropiin a line is specified and the corresponding d

ulated. A different set of equations, equivalent to Equations 3, 4, ¢
elow:

T=(1/v) (Pt @)%/ (L p)**

f=127.0/ T "% for laminar flow

is in centistokes, line length L is in ft, mass density p is expres

constant

5i, kKinematic
ed in terms of
Equations 3

(Eq. 8)

(Eq. 9)

ameter needs
ind 5, is then

(Eq. 10)

(Eq. 11)

and

f=0.276 / T %?5*'® for turbulent flow in smooth tubes

(Eq. 12)

The relationship between T and f, given by Equations 11 and 12, is also shown graphically
in Figure 6. Once f is known, Equation 2 is then used to calculate the line diameter D.
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4.2 (Continued):
If pressure drop Ps and diameter D are known and the flow Q needs to be calculated, then
the following set of equations, equivalent to Equations 3, 4, and 5, is used:
S=(1/v)(P; D%/ (L p)°*° (Eq. 13)
f = 2048 / S ?for laminar flow (Eq. 14)
and
f=0.2428 / S °?% for turbulent flow in smooth tubes (Eq. 15)
The relatipnship between S and f, given by Equations 14 and 15,4s also shpwn graphically
in Figure ¥. Once f is known, Equation 2 is then used to calculate the flow Q.
TABLE 1 - Sets of Consistent Units
Common English | Coansistent English | Copsistent SI
ariable Units Units Units
Speed ft/sec ft/sec m/s
Volumetric [flow gpm ft’/sec m°/s
Pressure hgad loss psi Ibf/ft? Ph or N/m?
Length of pipe ft ft m
Diameter of pipe or passage in ft m
Area of pipk or passage In? ft? m?
Fluid mass|density lbm/in® Ibf-sec?/ ft* kg/m®
Absolute viscosity Ibf-sec/in’ Ibf-sec/ft? Pals
Kinematic Viscosity centistokes ft’/sec m%/s
5. NOTES:
5.1 The change bar1{ | ) located in the left margin is for the convenience of the User in locating

areas where_technical revisions, not editorial changes, have been made to

the previous

issue of this document. An (R) symbol to the left of the document title indicates a
complete revision of the document.
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TABLE 2 - Viscosity Conversion Factors*

Multiply by
appropriate entry

to obtain Centipoise Poise ggsec cm -2 1b sec in~2 1bg sec fr~2 1bg hr in™2
Centipoise 1 1x1072 1.0197x107° | 1,4504x10°7 |2, 0886x105 | 4.0289x10-11
Poise 1.x102 1 1.0197x1073 | 1.4504x10°5 | 2. 0886x1073 | 4.0289x10"9
g sec cm ™2 9,8067x10% | 9.8067x10% 1 1,4224x1072 | 2, 0482 3.9510x1076
lbp sec in™9 6. 8947x106 6.8947x104 | 7. 0505x10% 1 1,.440(4x102 2.7778x1074
1bp sec fi~2 4,7880x10% | 4.7880x102 |4.8823x10°1 | 5. 9445x1073 1 1.9290x1076
1bp hr in2 2.4821x1010 | 2, 4821x10% |2.5310x10° | 3.6000x10%)"| 5. 1841x10° 1
Ibg hr {2 1.7237x108 | 1,7237x10% |1.7577x10® | 2.sp01kd0 | 3.600fx10° | 6. 9446x1073
gm see L ep™t 1x102 1 1,0197x1073 | 1(4504x107° | 2. 088¢x10™3 | 4, 0289x107°
1y sec™l ip-1 1.7858x10% | 1.7858x10% |1.8210x107 L] . 5901x1073 | 8. 720dx107T | 7.1048x1077
Ibyy sec™l f1-1 1.4882x10% | 1.4882x101 |1.5175x10%2” | 2,1585x10~% | 3,1089x1072 | 5.9958x1078
1y hr~L inf2 4.9605 4.9605x1072 | 5, 0569x1075 | 7,1947x1077 | 1,0361x107% | 1,9985x10710
Ibpg he-1 frql 4,1338x1071 | 4,1338x107% | 4;9152x1076 | 5.9957x1078 | 8.6339x1076 | 1.e655x107 11
Multiply by apjpro-
priate entry to gbtain lbg hr fr=2 lesec'lin'l lehr'lft'1 slug seclin™t slug pr-lql gsec “lem-1
Centipoise 5.8016x1079 | 5,5998x1075 | 2,4191 1.7405x1078 | 7,5188x107%| 1x1072
Poise 5.8016x1077 | .5.5998x1073 | 2.4191x102 | 1.7405x1074 | 17,5148 1
gF sec cm "4 5, 6895x10~4|" 5,4916 2,3723x105 | 1.7068x10°1 | 7.3733x10% | 9.8087x102
1bp sec in~2 4,000051072 | 3.8609x102 | 1,6679x107 | 1.2000x10% | 5.1840x105 | 6.8947x10%
1bf sec ft=2 2,7778x107% | 2.6812 1,1583x10% | 8.3335x1072 | 3,6090x103 | 4.7880x102
1bg hr in~2 1, 1400x10° | 1.3899x106 | 6.0044x1010 | 4.3199x10* | 1.s6d2x10% | 2.4821x10°
1bp hr ft2 1 9.6524x10% | 4,1698x108 | 3.0000x10% | 1.2940x107 | 1.7237x10°
gy sec™ cm7d 5.8016x1077 | 5.5998x1073 | 2,4191x10% | 1,7405x107% | 7.51ds 1
lbyg sec=l in~T 1, 0360x10 * 1 4,3200x10% | 8.1081x10°2 | 1,8427x10° | 1.7858x102
lbyg sec™t fl 8.6339x1076 | 8,3333x10°2 | 3,6000x10% | 2.5902x107% | 1.1189x10% | 1.4s82x10!
Iby Tl in~1 2.8779x10"8 | 2.7778x107% | 1.2000x10% | 8.6337x1076 | 8.7297x1071| 4. 9605x1072
Thpg b1 fr-1 2.3983x10"% | 2,3148x107® 1 7.1946x1077 | 3.1081x1072| 4.1336x1073

*From WADC TR 58-638 Vol I Part 1
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FIGURE 1 - Test Loop Schematic
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FIGURE 2 - Tare Schematic
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TUBE +.000! +.003
ASHgzEl B | ¢ |p |ES)F |6 |B |V | K|L |[M|N!||P |q
NO.| A “[REF) -.003 |*.003|-.000 4.005 | +.003

3 |.1881.843|.750 |.218[:671 | .304 | .187 |.343 |.530 {.125 | .531 | .609 {.304 | | 076 |.062
4 |.250]2.0211.812 {2250!.671 | .304 {.187 |.406 |.592 | .172 | .593 { .609 | .304| | 076 | .070
5 1.312 12.052|.875 |.2811.671 | .304].187 |.468 | .655 |.234 | .656 | .609 | .304] 076 |.076
6 {.375[2.064,938 |.281 [.671].304 |.187 |.531 |.717 |.297|.718 | .609 | .304| {076 |.076
8 |.500{2.344Py125(.312.718 | .328 [.234 |.718 {.905 |.39) [.906 |.656 | .328].P935.093
0
12
16

62512.64001.250!.343[.781 [ 359 [.281 {781 |1.0301.484!1.031| .TI18 |.359|.125 |.125
.75012.978/1.375|.375|.875 |.298 |.359 |.B43 {1.155 | .609|1.156| .796 | .398].154 | .I54

1.000{3.321[1.750{.406 {1.093| .500 | .578 [1.156 |1.530 | .8441.531 |1.000 | .500] — {.2]3
20 [1.250(3.571[2.062|.437(1.218].562 [ .687[1.468(1.842|1.078|1.843[1.125"| .562| — |.234
24 11.500{3.852/2.250].468(1.218.562 | .687 [1.656|2.030!1.312 [2.031 |1.125 | 562 ~ |.234;

NOTES: Tolerance +0.010 unless noted.
"C" dimension may be increased
as necessary to allow use of
AS4395 boss for the pressure
pick-off.

FIGURE 3 - Pressure Tap Fitting
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