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PROCE]7URE •FOR TESTING PRESSURE DROP IN AIRCR.AF'T ACCESSORIES 
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I. OSEz These~recommendatione are intended to outline good practice in 
preeevre drop testing of accessories in the hydraulic, f1~e1, oil and coolant 
syateme of aircraft. A brief explanation of fundamental formulas in their 
relation to pressure drop testing ie inc~rporated. 

II. E IIIPBRENTs The equipment for preasvre drop testing should be so conetructed 
that continuaus controlled operation can be maintained thrau~hout the teat 
period. 

A. Tank: T~e tank ehauld contain meane for controlling temperature variationa. 
The fluid temperatures diiring preeaure drop runs ahould be beld in the 	~ 
following rangee: 	 , 

Hydraulic Oil 
	

90 to 100 F 
Engine Oil 
	

160 to 180 F 
`Fuel 
	

70 to 90 F 

Bafflea or other devicea to remove turbulence and entrained eir at the pump 
auction should be provided. Evidence that there is no entrained air should 
be obaerved at a transparent tube section itt the supply line betaeen the 
presaure tap and the test apecimen. 	 ~ 

B. ~s A reliable meana of variable flow control ehauld be used. Throttling 
i8 not.considered aufficiently reliable. It is desirable to mount the pump 
close to the tank to minimise auction loeaes. Speed of the pvmp should 'not 
be exceptional].y high. 	 ~ 	 _ 	' 

C. ~lo~ter8; Equipment uaed for flow measurement must give accurate and re- 
producible re8ulta. Fldw measuring~instruments must be checked periodicelly 
by peighing the flow. A good test inatallation will enable_floa neasurementa 
to be made to an accuracy of 1~ or better. 

D. Pressure Tavas Preasure taps ehould be carefully made and installed at the 
same height in the system. Figures 1 and 2 ahow two aimple and acceptable. 

. deeigne. All drillinga and flow passages shauld be emooth with clean inter- 
aectiona. 

E. Preeaure Differential Measurement: The means of ineaeuring preaeure differen- 
o tial between tape meq vary eith the presaure, fluid arid . accuracy required. 
Accurate gages, mercuxy manometers, and air-teat fluid manometere all have 
applieation. Air fluid columne are usually the most accurate, but the columna 
become bulky at higher pressurea. Valves and other meane abould • be provided 
to ellow thorough end poeitive venting of the manometer connections to 
eliminate trapped air. 

F. Teat F lui8: Accesaoriea should be tested on the fluid with which they will be 
used. Stoddard Solvent or safety fluid may be used as a standard test fluid 
Por gaaoline equipment. 
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III. OCE170RE: The test sample ehould be mounted between press~e taps dth 

etraight smooth tubing. At leaet 20 diameters of emooth atraight tubing of the 
same diameter a~ the ports on the test specimen should be conneeted between taps 
and eample. ,A.minimum of QO diameters of this same diameter etreight tubing 
~hould be installed between the upstream presaure tap and th~ neare~t ~patxeam 
fitting, Before taking readings~ s11 air should be bled f"rom the ay~~em and 
inatrument lines. Readinge ehould be duplicated Rith flow increasing and de- 
areasing over the range of test. The pressure drop through the tubing and tape 
slone should~be measured in the same manner and subtracted from the total 
preaeure drop obtained in testin~ the unit. 

IV. GEiC~L: 

A. Fundamental Informations Pressure.drop for straight tubing may be computed 
from the basic preasure drop equation: 

PD = ~ fLY2 
2gd 	 .,  

1. Lami~sr Flaw.- From this equation the following equations are derived 
~here the floe is known to be l~minar (Reynolda number lesa than 
npproximately 2000): 	 ~ 

(e) v~locity unit of ineasures 

PD (Psi) = .006912 ~Lv 
~ — 

(b) volumetric unit of ineaevre: 

PD (pe3~ ~~OOg8 ~, where Q a AV 

	

d4 	or V _ Q =~.. 
- ̀ ~`-~'d~ 

.._. 
4 

(c) maas unit oP measure: 

PD (pei) ~ .0088 ~~ where 1~ ~ Q/° 

/~ d4 
~ 	 orQ~M 

A 

2. Turbulent Floe.- Plhere flow is kno~m to be turbulent (Reyriolda nnmber 
greater thar~ appraximately 3000)~ the folloeing equationa ahould be ueed 

(a) velocity unit of ineesure: 

PD (pai) = .00003417 ~•25 /° .754_ 1.75~. 
d1.25 

~ 

~ 
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(b) voltunetric unit of ineasure: 	~ 	' 	 ~ 

~.25 /° .75 ~.75 	 . 
PD (psi) ~.00005217 	 , Q_ L_~ where Q= AV 

' 	 ~ 	 4.75 	 • 
~ 	 a 	 or v = 9 ~~.r. 

♦ ~. az 

4 

(~c) . mass unit of ineasure: 
~.25 1.75 

PD (psi) =.00005207 	k 	L~ xharo 3~ _. Q A 
. 	 ~d~.75 ` 

orQ=M P 
~rhere: k~ absolute viscoaity, lba. per ft.-aec. 

~ ~ 	~= derisity, lbs. per cu. ft. 

V ~.velocity, ft. per s.ec. 	, 

d= inaide diemeter of pipe, ft. 

M= weight per unit time~ lbs. per sec. 

Q= volume,per unit time, cu, ft. per aec, 

L~ length oP tube, ft. 

g= gravity aeceleratfon, 32.2. ~t. per sec. per sec. 

' 	 ~ 	 conetants shoRn in theee equations include such 
constants as ?/ , conversion factors '  and con- 
~tants in_the frict~on factor. 

Referring back to the original beaic preasure drop equation~ P may be 
oomputed f~om either' of the folloRing equations: 

For laniinar flow: f = ~ 
R 	~ 

For turbulent flow: P = ~164 
.25 

~ 	 R 

ehere: R (Reynolda number) = dV ~ 
~ 

It wil~ be noted that English units of ineasure_Rere specified in the above 
equations. If inetric units or a combination of inetric and English vnits 
are used throu~hait sa a unit of ineasure, the constants in theee equationa 
vrill change. Care should be taken to properly compeneate for any change 
in units of ineasure from those given ~bove. 

, 	 ~.. 	 , 
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~. Gonveraion: Conversion of pressvre drop resvlts f~om test to service 

fluid: pressure drop Por any fitting, bend or accessory can be cal- 
culated for many service fluids from the experimental results obtained 
with a given test fluid with the aid of certain f~uidamental relat~onships 
This calculation or conversion can only be made if the flow patterna for 
bot1~ fluids are in the same ~cegion, whether laminar or turbulent flow. 
The ~+ressure drop with the test fluid can be expressed in terms of equi- 
valent le,ngth of str~ight tubing by substituting, es shown i~ forn~ ►ula 
IV 2 C Under turbulent flov~ of the preceeding para~aph. Conversion to 
the ~ereice fluid can then lie made by substituting this equival~nt length 
of $~ibing in the sane formula ~ith the r.ew constants for the serv~ce 
fluild. The~Reynolds number for both fluids must be calculated to de =  ~- 
teraune ~ehether ]aminar or tvrbulent flo~v exists for both fluicis. This 
conversion proceas is quite accurate for low pressures and fluids of 
similar viscositS and density. Viscosity changea due to high preasures 
and wide difference~ in viBCOSity of trae fluids iand~r comparison ~educe 
the accwracy of conversion. 

~ 
C. Accuracy  of Pressure Ih~ox~ Teatine: Due to the extensive ran~e of con- 

ditiona and objectives of pressure drop teatinge it is not possible to 
set allowable limits for the accuracy of tests. Good practice in teating 
shauld generally enable the dtiplication of test results to plus o~ minue 
5~ or better. 

~ 

i 
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