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SUBJECT Preliminary Results of Hydraulic Syster Temperature and

Flow Distribution Ground Test on X{270L (Qa C01)

PEFERENCES : (a) FWA QF 17001, T27 Hydrsulic Velve Erosion Baseline for
N7270L (QA 001)

(vt) Coordination Sheet 6-8505-68-45, June 17, 1968, Heat Transfer
Analysis of the T27-200 "A" Kydraulic Syctenm.

Airline operators have be=n experiencing many problems with contru) valve ercsion

in their 727 airvlanes over the past several moaths. As part of the considerntle

emount oy effort being spplied to the solution of this problem, tbe referenced EVWA

was uritien,in part, to measure leakage flow rates eud their resultiug effects upon
syeten tempe-ature distritvution using airplace QAGOL as the test vehigle. This data
J411 he smployed@ to check and improve tihe recuracy of a digiial computer program -
.iich periorms hydrsulie system thermel anelyses (Referznee b)., ‘he co;puter prograa
moy *len be usel to extend this date to oiier operating conditicus (1.e., various

flow rates, amtient temperaturcs, syatem configuration changes, ete.).'

Ihe tost resulta reported herein do not yepresent final deta since st least one flow,
channel srovided jnsufficieat invormation, and one tevperature channel guve erroneons .
data. It L: believed, however, that the wajority of results obtained is of uee and
ther:fore, Lie more important measurements are prasented,

SUMIARY

WA QF 17001 ontlines a ground test which is conducted hasicelly in two parts,

First, with the ground interconnect closed, brake interconnect closed, and w1l

f14-h% controls iacluding epoiler bypass valves turued off, Lhe Ho. ). aud No. 2

"A" and "B" purps sre started and allcwed to operate (ongines at 1dle) for thirty -
minutes. This provides sufficient time for the hydraulic system tewperstures to "
stabilize. MNext, the flight controlc are turued on eonsecutively with adequate

time between each to allow changes of flov rate to bes read, then all flight

controls have beea turned on the "A" and "B" system purps ars operated for an
additional thirty minutes to sllow terperatures to oxzce agaia stabllize., The engines----
anl pumps sre them shut down snd recording of data coatinues for an eddlcional <
flftean minutes. ; )

Dnring the ground test rum on July 18, 1968, the QAT wzs T9°F. Sowe of the

wasiured temperaturea and flow rates are shown in Fipures 1 through %Y. Thase 4
grepns include pump output flow rate, case drain flou rele, output flow tespermture,
suonly tlcw temperature, aud case drain {luw terveratwre versus ILIC tice for tolh
yuw.ps in each of the hydraulic systems. Also rhwwn aic the times abt which the
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,;"i;,.nm events took place w ‘the test. It will.ve notiesd that the A" £
[\ dysten case drain flow retes outside the resdsbie renge (generylly, ‘the measure~ - .
Sy wante corresponding to flow rates 1466 than ten percent of flow meter scsle were
% #3800 noisy to read) ere omitted. Conversely, soms of the pusp“outpud flow rates
. Pere spproxirated even €hodgh' thelr magiitides are unreadable. ThiE is Cope to
~ . dllwetrate ‘the probeble output flov rate sugeested by the relaticnship between
"' suction and outlet flow tesperstores. That s, wa outléb fluld temperature wilch
" 1s le## than the inlet fluld tespsrature (this oecurs cnly at the "L" system pumps)
4 dodicates there ie po output flow. “As soon as output fidw ns, the prager
b -=n1§ticu¢tp bLetween the subject Tlow temperatures is estadlished aw way be ceen
Sadn 1““ 3 . : . i "

' PFicure 1 shows ths %o. 1 “A" system pump flov and tewpersture peramaters, With
©Cthe flight controls turned off, the output Tiow is.-sxpected Lo be smell in wagnitude,
.+ The ouly measurable case drain flov. rate was approximately 0.3 gpe which appesrcd
. <%0 reasin constant both prior to, during, and afver flight controls vere turned on.
«i =+ - Pefore engagemant of flight controls, the cace draia flov teaperature epraunrad to
.« ¢« stabilive al cpproximately 164°F. The highest cpoe drain temperaturs yAs reached
L at the end 6f Lest and was 180°F, . PN g A

. As will e soeq later, the No. 2 "A" systew pump Output flow rewaicsd balow he

v, =+ Tenisble range for the duretion of the ground teast although 1% i3 expicted thet
sow2 {lujd was flowing tirough the ocutlet ports, Oonc:queatly, the chenges

L - dndlicated by theq flov.eter In the No. 1 pump poecsurs )lne during getivaticon of

‘ the flight conlrol syztems reprecent tae lee'nue flow ratey ih.those syotems.

Flgure 1 thea shows that Lf thare {s any leukege throuvgh the "A” Systen poriion

; Of the ailaraon coatxol unit, it is v-ieteclisle wlth the Lnstrugen‘atina used.

4 On the other hend, the "A" mystem ipogemental flow rates resulting from activation .-
of the remeining control systews ero about 1.1 gpa (%170 ce/rin), 0.9 gra (3420
cc/agn), and 0.75 gpm (2040 cefpin) for the elevators, ruider, and spoilars,
reppechively. ' L B

Figure 2 shows thet the Wo. 2 "A" system'puzp case @roin flov rate remeined
relatively constant at about 0.4%€ gpn. The output flow rate was below the

 Pendable range for Lhe eutire test. The highast case drala flow tempers ture
mengured was 175°F, :

L Y

e X%

Tewperatures and flowvs for the No. 1 "B" .syston pump are shom In FPlgure 3. A
sccuingly high case drain flow rute of ghout 2.1 gpwm vwaa wessured throwgnout the
tost; 1% apphered there vae no output flow A% any tims. ThHa dip in case drain
“ard inlet ficw temperstures will be discussed later. (rosging of the inlet and
cutlet flov tempersture lines suggests that gnortly after the spoiler bypmas valves
were opendd a smell amount of fluid flowed out throug: the pressurs line.
Figure b {rdicates that the No. 2 "B" system pump cate dresn figw rets ves 2.0 gpm .
umntil the elovator wes turned on, after which it gettlcd out 80 about 1.7 gon. K
Toe output flow reta, on the ofher narf, was assgatially zerd except for a brief
tranelout ot the beginaing of toet; uatll £24M% contiols were tu¥ned oa. o
¢ amesueadle flow rate differeuces werw noted for the allerons and elevators. Waea
the ruader and spoilers were turned on, however, dthe outuut flow vate lacreasss - |
. were apoond L.24 gpm (B7I0 ce/rdn) and 1,20 ppu (4550 ce/mln), respectively. . . . |
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- o Hydranlie, Mechanisms, and Control Syrtens .
SUBJECT ¥inal Results of Hydraulic Systen Teuperature and Flow

T tatas o

' COORDINATION SHEET

Distribution Growsd Test on N7270N (A o0)

FEFERENCES:  (a) SWA Q¥ 17001, “727 Hydraulic Valve Erosion Pasaline for
w270 (QA cob)* ;
- (®) Coomitnation Cheet 6-8505-G8-4S, Duted Junme 17, 1968, "Peat
' Transter Aaalysads of tha 727-200 "A" Hydraulie System®

(e) ©rordluation Sheat 6-2525-58-41, Septawber 23, 1908, "Prel tninary

Results of Uydravlic System Temperature and Flow Distridution
2und ‘Uset on N727CL (QA co1)" '

——— ——

Refarence {a) provided for a ground test and flight test to obtzin hydreulic
sysienm flow ret: and temperature data. This inforzation was then to be used
L0 cireck and improva ths accuracy of a digital corputer progean (Refarence (b))
woich weuld garie 9 axtend his data to Lther operating conditions. A groind
‘o8t was parformed In which cce Tlow chsansl and one tepperature channel gcave
€ri0noud Yosulis.  Yhe rematidor of the dnia uppearvd WO be good however, ao
the moze Imsorteat portiors of it were reported in Reference (e).

A ®iral grovnd te3s vaa accowplished priov to BWA Q¥ 17001 councellstion. The
pratvise of this compunicatiog i3 to tronsmit the recvlts of that test. Ua-
forvvasalely, prograw@iug previens have precluded the comparison of this deta
Tith coupulor obtalasd vesults. Ratber than delay thig report further the
enalyticel comparison will hs 1apued a8 an ~ddendum whon 13 18 avalisble.

DL2ESTON:

The tast procedurw nsed duriag tnis test is the same cs that reportsd ia
Reference (¢). Samarizlny briefly, with brake and sy3lsn interconnects
Cloasd 0ud 81l fIlh% contenl $a fnelnds spoller hypass velve twued off,
both A" a1 "7 ayaion puo1 are overaisd (2ngines at 1d10) for cairty minites
to allow systun temar.ivres Lo otabi ize. Tne fligot contyol systems are
then curted on, onx ¢l a tiwe, with sufficient time i ‘tervale Lo ailov flow
ratee to Do read. Wit oll fitghv eontrol systems on tha purpe evn oparated
for an cddliional thiriy minutés %o resctabilize the temperaturas.

This flogl ground test wes rerformed on a dry day with an average VAT of 5T P.

Flow datua texen 4 ‘.n toe wort 8 mhowm in Flgures 1 end 2 valle tho uajority

of the tenperatur. “ocm feo lacluded 1n “lzures 3 thrcogh 7.  Conerally, it ts

balievad ghai, t]: teupmrature dota Cbtained are excellent while tho flow aata

&M% a8 ood ag curvent inetruvessetion copadilivies will provide. Several

flow jule weasuwrcnen®s were lelow the yeu'sble reages duriag portions of the

toat, : . X "
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' nsss ‘arean have been Boted in Figures 1 ond 2 a0l 4

. flizht controls twroed off. This could be axpecied, towever, sincs, In thin

&l oaen Y % - %
s ) o s e > v ¥l
v SR # ~ . * o
PR, s S TR . .
& X ot e 4
g FEC I - B § :
¢ £ ox¥
vy o B S ot X ey

prscuron (Smttd) oy o o T

there wes output flow ;oertéin pumps during 4 v‘ .,

Thews dodustions. pade bpsed on the relatjonship e purp taletand® . x

outiet flow’ qtures. An catput temperature 2asi Thdb tee, inrut tempbrature: ..,

indjcates wo outpdb flaw, 1 iU gL R LT g ARy
. . ? N & 1 4 2

Beviewing the flov fate 3ata shows that the ‘A’ system piups oty Hed - ol
case drgn flovs. of about 0.3 €pe (Pigure 1). This vas verifisd by esperais A
tont. 1s expected that there o sea)l digunt of output Mlow from tha. . .
nunber ol 'A'_;;..-L o from Ve mumber two ‘A’ puap prior to turmisgom. o ]
fNight contrils. - Fing. o - undok 32 e |
comprised aearly ell of" flow

e e oo vasputabin, utpat, fice. ariil $he # O ik et - v

sﬁ.

Ylow rate increments of ebout 1:32 gom, *0.58 jgpm and : e megsun

as the elavators, rudder end gpollers ware tumed on, respactively. Ak . 5
Auzber two ‘A’ pusp apparently begsn pasxing. s ‘unyehsurable emonat of Tidld . . -
through the outlet port at the time the mun Yypass valves were opsped. T ok
Total 'A' system leaxsge flow rate with . f11ght. goatrels’ furned oa, them,, -,

wes somevhat in excess of 3.1 zpm. ; ipe AR L, al 5 R s L R

¢ Wz y

The cage drafn flov ra¥e of each of ‘xqﬁoss"'n,' systen pumpe wag. gtous | oo i
2.1 gra {Figure 2). This was mon-verlfiab dus to sywtem conligeration, .7 T.oon
Tenperature date indicates thet ‘there was no outlel, flow fyom aither with .

configure®ion, the only posaible {lov peths are throwsl the brsks weteving L
valve or the ventral atair moduler package, Aan wwessurshle omorat of apaler . S
one 'B' pusp output Flowtas inttiated vhen the elovators ‘wese eperRised and 0 o
remained through the durstion of the test. A srall muther two H' punp oub-. (L o
put flow was eftwdlishel when tre ailercns vere turped ‘ot, ineteassd to 1.PF 2y
gpa with rudders on sl opSuing spoiler bypees valve raleed 13 ta about £
2.22 gym. Therefore, with wil flight controls tursed s the total "BY syetem " .. - -
leaxags wad sorevhat in exeess of 2.22 gps. 3 o W S oy e gy S
) P e e it . T et
Jow, turning sttention to the temperature data shown in Figures 3 throwgh T,° - et o
some general observations can be made with regand to these renuits. Maximm. ' ; ks

case drain flov temperatures occur st tha end of testing Yor AV mystes | 7 A 0
and Jugt rrior to epergizing of MNight controls for the 'B' & ‘engare . WL O
167F, 1637 ard 189F {Or the nuwmber ope 'A', mumber twe 'A', foer Ons | T
'B' pups, respectiwly. It xc'mtmm_m_grgu_ Ly SO
tenperatures a8 flifht controls sre twmed s, is due (g tha *D’ aystem,
pressure lives. These lings sxe . f1)led vith cool fluld ¥ tfag Trom Yask o g
of prior ovtlet floy. After tue systen oversll temperature is lowered by :

this fluld, restedbilization begins. YA

With fllght controls om, 4t ‘Sppears that spprokimately 15P of cosling 4¢ obs . s > 3
tained in the considersulé ‘Isasth of 1ine betwesn the 'A’ puugs mnd the hest '
exchanger inlet, whoreas the !B' 1s cooled ebout bp. Tesvereture Jifforedcas: .
through-the heat sxchangers zre ehout 527 for the "A' eysten ai 1SF for'dhe © -

w
= 4

'B' system. This nagns that aboud 120PTUwin eoft 275 P /miR’ ate veing | h o
rejected to the fusl by the ‘A’ snd »'e' ‘aystess, refpectively. g Y ,;
3 B A S r RS g

e £ . 3 il s o R RS
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Fags Throe . APPEDIX C

epant stnce Lis 'A' systen heat axchenmer has twice
. the wurface area Of ehe '8’ eystom un'4. It {3 helicwed, however, thal the
Atet transfer rates, which are & function of the laternal convesctlve heat

tiansfer woelficieats, vary spprociably fur each of the host exchengers
sinoe the Reynolds mutbers are sbout BSO and 4,000 for v "A' an? /B! gysteus,
res <ot 2ly. Teat tiov far chsrpelcristicg are gousiderchry difterent for

Jaminar and turbulent flow and are less predictadle ss Reynolds nusber
Jowered.

is

The bighest reservoir temperatuc-s reached wars 1157 mod 162F for the ‘A’

and 'B' uystems, resvectively.
congrusioNss |
l..‘ The lankage flow vgtes experionced on agirplane QA Ol aret

Flow yot>, gpn

‘Al System 'B' Svstem
~ Ail?rmw 3 Unmeasurable : Unxeasureble
Slavators <l.32 Unmeasurable
Ricders 0.83 £1.25
Spoilers 0,55 - 0.97
¥axigm total 73.06 72.22

2. Yita sxtended growd idle, this regvlis In the folldouwing maxisura actual
terperatures il gbandand hot day tewparsturcs (bused ou degr=e ot degree

correction)s

Hoximm Case Drain Tempersture, F
Pusp ¥eagured Standard idot Day
No. 1 'A' system 167 20
Bo. 2 'A' systea s 163 226
No. 1 '8" syetem 3 189 252

3. Other system data 18 a8 shoua in Figures 3 through 7.
If ther? are any quastiouns regaxding the Aata presented harein, please
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S oAG B 907/727 snd 739 DIVISIONS - HYDRAULIC, - -
GROUP INDEX  yzouaNISK, AND CONTROL SYSTRMS . . = 8, 2
SUBJECT . - B Evaluqtion'dt Heat ?;wmsfékaf‘!ic‘imt_l' e T S
- REFERMNORt.  (a) Coordinatiof Sheet, 6-8525-68-41, "Prelininary Besults of Hydroulic
N - Systems Temperature snd Flov Distribution Ground Test on l7270L
(QACCL)™ Dated Septembor 23, 1968.  °

() Goordination Skeet 6-B525-69-15, "Tinal Results of Hydrsulic.Systen

Ui s o Sk "3 i T Db “Temperature ead Flow Distribution Ground Test om N720L (QAOOL)"
s Gh YRS TRS ‘Dated March 11, 1960. -~ .
BUMMABY i et : '

“The Vh_‘cl-ﬂwxl Systems Staff re.eérch‘smp is dcvelo}sing & computer p;:oxran to aimlatgztl\-
oo vt hedrenlic cystem fluid temperature distribution. The overall heat transfers - 3

“soetficlents for the various portions of the systen as well &s the hert d.stribution
information for the pump to be used ia the program are givién in this coordinuticn sheet,

. The purmseters given were evaluted by analysis of the data preseated in relerence 1§ ) M
A brief deseripgion of the armalytiesl method used is also included.

" BACKGROUND. %

"A rtuly has baen underioken to-evaluate possiple uses of BETA IT hoat trunafer ccapuior
nvegran iR She “hormel cnalysis of the 727 g" Liycroulie system. Frevious atteapts to
uee AAPA 1D with/theoretically derived heat tranefer coefficisnta have been unsusc ERE 118 8
Ag a result, flight test luta, reported by ¥eference (b) were snalyred to determine Lhe
actual eflegtive overall lient tramsfer coefficients for the various components, (ubep
. and regionse By programeing theee values rather tuan vaiues derived thecreticallyy e
- hope a computer program czn be develpped which will simulate the tempersture distribution

of the /27 YB" hydreulic system in responee to various flow and ambieal tenperature ;

conditiong. .. i '

Y

-

DISLUSSTON P 5 A

_The cystemwas analyzed at two pump outflow rates, pump cut-out (zexo outflow), ard
‘stovilized systen leakage flow (no surfaco movement)s' At punp cU€eout, neak tramsler

*poetfficients were derived for tha "A" cystem heat exchanger, the "B" eystem reservoir,
the Jines from’the ‘to the hent cychanges, and the pumo cavitys ' At ihe stebilized
.flow conditions, heat zma!n‘:confﬁcientn yere derived for the hydraulip lines [roam

- the "B" system pressure modules to the various actuAtors. A

The effective Wverall hest tranafer cosfficients were derived uging the following

R Rl R i R e TN s e S R

\ ‘,' . 5 ik g p Q-‘v n ‘.‘r:‘ R ot ! &5 \‘,

3 ; & e $
- e
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h sumary of the effective svarall he 1* transfer ccwt‘fi.clnts dad.ud as won as
the off. tive areas are presented ss {igure l.

The .u.-;un'.g elorent to be aimilated is the "B" system pump.  The general heat
t lnnce expressien for the pump ds - 4

S v i

S (Heat In) - = 2 {Work Out) = = (Heat Out)

Te ¥ et intut consists of the electricol power iaput and the gupply flow frea
the recervoir. The work ontput can be expressed as a function of pressure and
cutuut flow. The heat output wos comsidered to consist of the outflow and the
case Yroin €low. The convective heat transfer was sssumed to be negligible.
Figure 2 gives curves for case drain flow, electric power input, and cese drain
heat flow as a function of pump cutput flow. Usifg the data from figure 2, the
hoat bolance exprenslon for the pump can be evaluated. .

¥ o

R S R

ity PR SR S . 5y6eB525-69-73 " i b
. 2 ¢ A2 _ Sopte.ber 3 - 1969 Wy
e o™ % - Page 2.7
- & b Al "
vhers - : o w3 : e
@ 15 the heat flow rate o i AT R
U is the oveprall hcat tronsfer coe;ﬁcieat 2y 5 h?":‘»
A is the afhctin areas of the component beitg mlyr.ed
:"‘his the difference between buli oil mporohre and oy 5
and overall smbiemt tomperature, = ; £
v 45 the moss flow rate ey
" Cp is the operific heat of the oil ‘. Ty
ET' ias the difference betwesn the oil tempcnturo 1n tn-t out
_of the compenent being ~anlyzed. o 2
Zcabining the equations and eolwing fpr UJ , we gat 3 R e o
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Figure 3 ie a '"8" bydraulic ~ystem schnr-ﬂ:c dicgram giving the various line lengths

and si.zes. «
] < >
IUSTW
'.*f- gata presented in h(;n--c\.1 1, 2 eénd 2 should be used h develop a computer
poogran for the thermal analysis of the 727 "B" hydrculic &ystem. Tenp*x.nturcs
preduced by the resulting program should compare iavorably with the temperatures
given by refsreice (2) and refershce (b). A favorable compsrisan is corsidered

to be ugreement «ithin 5 to 10 Begreas fahrertoit of the data.
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