
TECHNICAL 
NOTE 

Reproduced by the 
CLEARINGHOUSE 

for Federal Scientific & Technical 
information Springfield Va 22151 

riñ&mxe.'Stit Zl l 'J&XCVéü. 

tor ouoiii •♦wc«* ** 

dàrafeufeu Ü «aiuaiiMl 

NB DIVISE AI 



NOTICE TO USERS 

tn hn «?r l0ns 0 thJs íocu,nent 113ve ken judged by the Clearinghouse 
IftSSÍ ^ repfoducÆqua,ityand ^ fully legible. However inan 
Sip riiaÄaS mcn 3S P°ssible available to the public, 
rserC fnftSe LhHs ^the understanding that if the user is not satisfied, the document may be returned for refund. 

the lÄfSÄT'PleaSe ,hiS 

Clearinghouse 
Attn: 152.12 
Springfield, Va. 22151 



COMMERCIAL AIRPLANE DIVISION 

MENTON. WASHINGTON 

DOCUMENT NO. ! 

TITLE:, 
3TEAÎ Y 3TA1S HHAT TAAMArE!1 n".rl'i''L 

Gr.727 "3" HY:>r AUi ÍC -'Y 

MODEL 

ISSUE NO. 7 TO: 10 A T St 

JM str Lbjition of this dooanent is uni ini ted: 
It be ¡'c'lensrd to the general public. 

% 

PREPARED BY 

SUPERVISED BY 

APPROVED BY 

APPROVED BY 

A ' # 

*//f/9/t 

hIhIm 

/•/? JÔ 

f-L3'70 

lOATSI 

NO. £)6-^^5201^ 

WAGE 
EV SYM 

ÇMWfáVi 



a» 

* TABLK of CUNTErfTS 
• « 

I. ar.titact 

II. r'JMMFY 

ni. DfTlîODUCTlON • ' * 

IV. AíIAl.YSr» 

VI7- n r CAT ION OF ANALYSIS 

I vr. i’HOGRAH DEî’OIlTION ANL USE 

J vri. our i F ror r loop aj-c-î dig otiiíd SY;rrn-r. 

I vrn. FEF3xf?:cE:; 

APPENDD' 

I L’T OF NOKENCLATURE 

r'iJ,TJ] v-of i’ukp oomiciEirr 

LIST OF ACriVE PAGES 
I 

PETTSIOV:: 

I 

Page 

3 

U 

5 

7 

17 

19 

?? 

23 

2U 

(So 

61 

62 

93 

REV SYM 
wo. 1)6.2552(^ 
W*Gt p 



I 

ur* 

I. ABSTRACT 

teohnif^i -not«! contains the procedure for aod an example of a 

hydraulic ayatem heat transfer analyaia. Linear equations are used 

to deacribe the heat balance in the hydraulic components, and the 

ayatem of equationa are solved on a digital computer. The application 

of this procedure ia currently limited to the prediction of steady state 

temperatures in systems with constant mass flows. ^ 

*^The hydraulic circuit selected for illustration is the 727 ”b" Hydraulic 

System. Actual test data and results obtained in the analysis are 

compared. 

It is proposed that the analytical techniques and programming procedures 

be used in all future hydraulic system heat transfer studies because of 

the reduced computer time involved and the accuracy of the solution. 
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II. SUMMARY 

A digital Computer program for heat-tranafer analytia of the 7Srr 

hydraulic systems has been developed, ^ugh not general in it. j 

present form, its algorithm can be applied to the analysis of any 

hydraulic system. 

This program ha. been .ucc.fulXy .ppliad, and th. «.ult. obtalMd 

compare very aatlafaetorlly via, the data obtained from ground teate. 

T!,ia technique ha. been developed .pacifically for the ateedy-.tate | 

analyal. of hydraulic syatem.. A description of the analytical | 

approach leading to this program is eontalnod in section IV. ! 
I 

A copy of the actual ioput and output dota for the 72T "B" system is i 
included for reference. I 

. ! 

A general line equation for the transient case has been established. ¡ I 

Imilar transient analysis l. needed for the other component, of the I 

aircraft hydraulic system. The development of a digital computer Ji 
program for a transient study of neat transfer in hydraulic systems '! 

should bs pursued. 
■ 
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r XU. DfTROIXJCTION 

There heve been several attempts within the Boeing Company to develop 

computer programa that would simulate hydraulic system temperature data 

obtained from flight tests. Relevant to these efforts is the 'Thermal 

Analyzer (Beta II) Program Procedures for Heat Transfer Analysis of 

Aircraft Hydraulic Systems” (Reference l). 

Beta II was originally developed for analyzing structures not involving 

fluid flow, and the program uses a finite difference approach for 

problem solution. The heat transfer equations applied to hydraulic 

systems are, however, basically linear, leading to a set of linear 

algebraic equations for steady state analysis. The latter can be solved 

very effectively by standard matrix methods. The application of BETA II 

to hydraulic systems have produced unsatisfactory results. Sot only 

does it take several computer runs to determine the proper control 

parameters necessary for convergence of the solution towards steady 

state temperatures, but each computer run also takes several minutes 

of CDC 6fcOO time. To overcome these problems, a new approach utilizing 

linear algebraic equations has been undertaken. 

•n* MV tecbniqu. de.crlMd herein ha. been uMä to predict .teady state 

temperature.. UMar aquation, baaed on eMrgy balance approach for 

each control voluM exanlned vare developed. Theae equation, have been 

applied aatlafactorlly, through the uae of digital ccputer, to aimulatc 

teat data recorded during ground teat, of the 787 “B" hjrdraullc .yatan. 

The digital conputer progren hai been Included in thle report. Hovever, 
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this progrnjn is not n genrrai program, and it line been specifically 

developed for the 727 "B" hydraulic .yt«.. But it can be u^d a. . »dal 

for preparing computer programe for nimilar hydraulic syntene. In addition, 

it is possible to extend its basic concept to develop a general program 

th;.t can be applied to any hydraulic system. 

The need to understand heat distribution in hydraulic systems has led to 

this contribution. The analysis and program described in this paper should I 

be of benefit to the engineer engaged in thermal design in aircraft 

hydraulics. 
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IV. ANALYSIS 

A fijitisfactory onaiypis of the heat transfer problem requires that each 

of the components in the system be simulated. The analysis that follows 

is based on the principle of heat balance within each of the control 
i 

volumes (system components) in the hydraulic diagram. 

1. ( a ) Line Model 

oc 

Figure 1. 

Net heat input from node l to node 2 as the fluid moves in 

the direction of flow is given ns 

m<vr - h^CpCt + §£.**) (i) 

Kent exchange between the inside of the tube and the ambient 

is expressed '*»3 

-K(zH'r') A>i(t - u) 

where ^ - flow rate 
T ? temperature 

A* -- displacement 
K . heat transfer coefficient 
Ce = specific heat 
■r = ridius of tube 

(,:) 

} 

1 

I 

I 

I 
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The rite of oluui«e of boot energy in the control voluoi lo 

given eo 

(» CfpA ^ A* 

Following the bAsi* of host balance in each control 

volume, 

0) (») « (1^ 

Equating (1) and (?) to (5) and rearranging terno leads 

to 

ÖT 
at 

— 
where ' 

a 

b 

-ag, - bt 

T - T« 

KTTD/fCpA 

(4) 

(l) Steady State Solution 

For a eteady-etate solution, end equation (*0 

becomes 

ar 
o» 

4- /âT /3Ta (5) 

where /9 - ‘Y« * 

«.rt-Msaoni V 
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Equation (3) is o first ordsr linear differentisl equation 

whose complete solution is 

o 
Î •» 
o 
« 

REV $YM 

t* « T«'*“ + T.(l-e'A*) (6) 

where the indices refer to Fig. 1# 

(e) Transient Solution (not used herein) 

The general equation of continuity is given t>y equation (M 

ns 

31 
©t 

where 

•digT 
PA ©sc Crf A 

(7) 

end 
CpP A 

si vi 

Q 

Substituting for V and (Ç in (7 ^ leads to 

2Ï + £Jëÿ 4- ccCt-“^ « o (8) 
Ot ex 

But T » “V O*-' *0 

dt a Sc 

Applying (f ) to <8 ) landa to 

£ + «JCT-O = O 

(9) 
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or dr + (ÇT « cßT« (io) 

Equation (10) !• a first order linear equation whose 

solution is 

(11) 

rft s 

Cr = 

'C c 

Ate ~ 

A s 

T» = 

T, ' 

T. 

T = 

t; - 

mm flow rnte Lfl^/ain 

specific heat WU/LBM -0^ 

radius of tube ft 

length of tube ft 

tube area ft^ 

Downstream node temperature (steady stste) °F 

Upstream node temperature (steady state) ftF 

Hode temperature nt time, t « o (transient) °F 

Node temperature at any time, t (transient) °F 

Ambient Temperature °F 

2. Pump Cavity Model 

The two pumps and the hydraulic reservoir of the 72? MBM Hydraulic 

System ^re located very near each other,, and the components are 

thereby regarded as being located in the same cavity in this analysis« 

« * 
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Let 0« * 

To = 

Tc.v • 

T« « 

^ * 

\4 « 

He»t ÎÉput due to the electrical motor 

Temp of tluld entering pump cavity 

Temp of fluid entering case drain line 

Tamp of fluid entering pressure line 

Temp of pnnp cavity 

Ambient temperature outside cavity 

Potential energy due to differential pressure 

Mams flow rate 
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^ i 

^ V 

' The heat b«lance equation for the punp cavity can b« 

expressed as 

(12) 

where C * specific heat, K . * Coefficient of heat transfer of 
cavity. 

p -•- • CSV 

5. Reservoir Model 

Let . X. 

Tin*« 

T. 

K« 

a Tesp. of fluid entering the reservoir 

s Te«p. of fluid leaving the reservoir 

c Teap. of fluid in the reservoir 
* 

s Teap of cavity of puap and reservoir 

= Coefficient of best transfer for reservoir 

The heat balance equation for the reservoir Model can be 

expressed as 

. T-iCH« •♦«k.Cn-TtJ) (15) 

4, V Ive Model 

Let 1**P 

m 

C 

= Differential pressuriserons the valve - psi 

a Flow rate in gpn 

>» Conversion factor (O.OOi;1*??) 

The Mount of best generated by and Ira».a ferrad to the finid 

by the valves is 

~ (.feL*) mC «Tu/min 1 (14) 

Umc If ^ 
•-I000 
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Branches 

The Junction temperature at point 3 for the converging flows j 
I 

from AT and FO is represented ao A ^ ' o* M»_& 

~ '[• " ! 

C 

Ts • M.T, f ( 15 ) 
M, Mfc 

where - flov; rate in tube L 

Tv : Temperature (°F) at point i 
i 

Set, of iT-juatlons Applied to tne T^B" Hydraulic Kiodel 

Tne solution of this problem requires that each component in th 

nydraulic systen be simulated. 'Hie latter is achieved by a linear 

e luation for each component. 
. 

Equation» (t ), (12), (13)/ (l1*)» and (15) are the ones that have 

neea applied to the 7¿7 '3" hydraulic system. 
i 

i i 
In the set of equations presented below, the subscript refers to 

the component number in Figure 3» AH other variables are 

explained in the Nor« n cl ature, "to'e th'-.t the representative 

equation btites, in words, that the temperature at a specified node | 
I 

is a function of the upstream temperature, the ambient temperature j 
i 

and tne geometric characteristics of the component, the flow rate, • 
i 

and the thermal characteristic of the fluid flowing through the 

component. (Befer to Table l). 
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UNttR EQUATIONS DERIVED FOR AND APPLIED TO THE 727'"l" HYDRAULIC SINTW 

T, 

T» 
T. 

T, 

T* 

X 

T, 

T, 

T, 

T. 

X 

X 

T«* 

T,^ 

Tg 

T«. 

T, 

T« 

X, 

T«, 

Ttl 

Xv 

X» 

s'>,. 

QiTgo V btTsi. 

-AXjlT V OC.T*,.ftanyp#) In 

XAfcT + X* ••••• *i I»» 

X + ATcei ■«■/ Cam ÄiA*«» Jm 

X * Cam in 

AifcX + o^T*i 

Aài X ■*■ °^» T#i 

^fcX ^ 6nX 

XA^X + A* .tft IWKt- In 

AA*» Ta + Ai* ■ ■*** ' Mcfcç. o<a 

XA|| T,. + Aii 

X + ATgNgr, .Rnp.1 AX^ 

XA15 T|%. + Ot.|% Ui 

X AT*M*ra ..(1+* o»* 

/ÍAisTa + oAiiXi 

€. rfcTii +■ £.igTig 

MnTk + An 

AAifTn ♦ Ai* 
^'^Tt + Art 

AAaoTrt A40 
X. + 

AAvsTai + Ax'S 

AA«4,Trt + Av% 

AXm. tlAwAW 

X.% ^ ATvAC 4\«<mW 
Xg ■ AAxfTx^ + Am* 

«. W* 

Xfc « ^»»Xa ♦ 
X« • sU*}~r%m + A».i 

T*t B 4AmtTi4 ♦ Áa« 

Xa * T»t ^ ÁXaw. 

T%a « XUjbXa ^ A5# 

X = £^tX« ♦ ¿„Xa 
X» s AAlaXi ^ A>4t 

X» * * A»» 

•>** = '^»♦Xt + A4+ 

Xc * « X* + A»r 

Xu 4 TU * ATviM. 

Xi ** AA*->Xu + A|t 

X* * 6mXv V EgXn 
+ Am 

Xy* * '¿(mXí ^ A40 
X* * Xyo -V A"’Asieron 

Xa « /W+kXy« + A%» 

X» = + £^*Xk « 

Iaí» ■» ^t^Xs + A+^ 

(ac •» x% ^ Aa^ 

l+k * Ta* ♦ ATvau •* 

W*» s AAttf I h- 1. 4- Ays 

X+g ■» S*aaXa 4- ^.+7 i+i 

Xn = xj.A*Xrt + AaI 

Xo « EuT, + &4rtXn 

UH 
spo;Ver 

T„ + C,(T+rtv -T,rh, -T«.*,^ +X+K„- Q«.l ¿7^ 

«o »t-M«WW V 
B AI4S « L. * PA»! llg 

S-TOOO 
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7* Solution to the Linear Equations for Steady St.'itw Flow 

Equations (6), (1¿), (13) 'Uid (1^) contain all the pirametera necessary j 

to analyze the hydraulic system. Each component of the system is 

represented by o linear equation, and there are ne many equations as 

there are unknown temperatures. (See the preceding section IV-t /. 

These equationr are then arranged in a matrix form. 

B, 

• A 
Th 6h 

Where .are the unknown temperatures, and A and B are 

functions of the components characteristics. This sytem of equations 

is solved by ■- standard matrix inversion technique (Boeing sub-routine 

"GLESOS", Fef. 2) 

r 

The solution *o the set of linear equations is the temperature at 

each node. 
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r V. .VEFIFICATIOM \w ANALY^I.; 

'ñio digital computer program developed on the baetc of tr¡e analytical work 

described in Section IV was applied to the Y2. "B” Hydraulic Syatem. Shown 

below is a comparative result of temperature voluen from Toni (Pefercnces 1 

and 2) and Analysis, "’he nodos mentioned in thlr. table correspond to those 

in Figure 3- 

1. Comparison of Temp. Values from Tost fc Analyse 

Ambient Temp. = 5?i'F Ambient. Temp. = T9 r 
Pump jfl Iieliveiv - 2.2? gpm iucp »1 Delivery - 2.A gpm . 
l-ump #2 Delivery = 0.1 > gpm_i ump Delivery - gpr. 
Test ’>st • 

;jode Description Result_(l)#_(f’,)*_Penult_Ü-lÜ-LlJI— 

1 

2 

3 

U 

9 

10 

151 

151 

151 

177 

\h 

51 

Reservoir 

l ump »rl Inlet 

pump it-?. Inlet 

Case Drain ¿1 

Heat E?chg. Inlet 17? 

He-=>t LA chg. Outlet lL> 

1 ujr.p f‘l I <c 1 i ve ’*y 1 t)i. 

Pump p? tJel Lvery H'O 

Pump Cavity l1*! 

13C 

130 

130 

157 

159 

136 

ItU 

1U 

92 

I co 

152 

152 

179 

164 

1(4 

190 

l4t 

14( 

175 

K Y 

167 

195 

155 

16( 

lb6 

133 

180 160 162 

(l)* Values obtained using the coefficients shown in Coordination 
Sheet No. 6-8525-09-75, ln Appendix D. 

(?)* Values obtained using 88^ of the line coefficients und 0.27 f as tno 
Pump Cavity coefficient. See the calculstions shown on page 61 . 
The value of 0.27^ (instead of 2.32 shown in coordination sheet 
Ho. 6-H525-69-75) is being used because the latter was found to oe 

erroneous. 
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The Hext Trar.sfftr Coefficient» in the Verification 

The effective ovepr-ill heat transfer coeffi:ients used were derived 

from the following equation« based on stendy state condition. 

(16) 

(17) 

U = Overall heat trtntfer coefficient 

A - Effective area of the component being analysed 

Difference between bulk oil temperature and overall ! 
t 

ambient temperature. 
' J 

M • M.vac flow rite 

* C .- Specific heat of cil 
F 

AT* Difference between the oil temperature in and out 

of the component being analyzed. ¡ 
t 

Equating (if) to (l?) for steady-state condition lead? to 

U = (M C f AT.)/A AT.* (18) 

Equations (if) and (16) and test data were used in developing heat 

transfer coefficients for the pump cavity and the hydraulic iines^ 

respectively. Appendix D. 

However* the application of the derived heat transfer coefficients 

resulted in very lovt teBperaturee, . as shown in column (1) 

of the comparison table.^ Correction factors were thus applied, . • * 

using 0.8î> of the line coefficients and 0.25 of the pump cavity 

coefficient to obtain th<* remits shown in column (."). 

Ç = UAAT.a 

tí « MC,AT. 

where (< = Heat flow rate 

r*M0 "Q- Dt-2552arN 
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VI. PROOF'AM DE:3CHI1^TIÛK AUD USE 

Introduotlon 

The digital program described below has been successfully applied, 
\ 

under various flows and different ambient temperatures to the 727 ''H ' 

hydraulic system. The results obtained compare very satisfactorily 

with the data obtained from ground tests. The application of this 

program is currently limited to the prediction of stesdy state 

temperatures in systems, with constant mase Hows. The predicted node 

temperature is dependent on tnc upstream and the ambient tempera turen, 

and it is also function of the characteristics of the component whose 

temperature it being determined. 

Program Inscription 

The program (listed in Appendix A)compriocs of tables, function 

statements, directions for flow computation and solution of the 

linear aquations by n standard matrix inversion technique (Boeing 

sub »routine, GI. ESO 3", Ref. 2). The line data cards (which carry 

the lino nodes, diameters, length::, »,nd heat transfer coefficients) 

are arranged immediately after the 'end of record' card which is 

supersedea by the "END” card. 

The user may visn to try different flow rates through the load devices. ! 
j 

Consequently, four tables for each pump have been introduced in the 

program. These are tables of pump delivery, of energy inpu. into the 

pump, of the case drain flow, and of the fraction of energy imput 

that goes into the case drain and into the pressure line rcspoctivtly. 

These tabla« have been introduced into the program uning the sub routin*. 

no. 06-2552(7171 
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. . K 
A 

ntui (■,». 3) 
.n' .. X'A 

^ ‘ t r s <*"f ‘ ^ 

A . 

■*—PCT — 

ill it (hi ib 
t > I « • I ' t • • 

*-TAM6 — 

mttnei 
i: u '< n « d « » n 

lllltllil 
'i aoiiABnaa^iM^MiiaKitii 

^•XEESIMOT. iixiïir.niiüj iincmiuaíSL iFMracji 

■*—ELE V — 

111 « 11111 II 

L«?aç:bríitóp\c^'iiR!%.i.!»i5i»Tini 

■ ™w- — ——•|*-AIL«OM_J 

lll»lllll|«|||||IMJ||||t||| JmIHIIIII 
I «! m « *#« a«* «**^,1, n,, 5nin a-, » n I» ! 

To un thl. prograc, th. ump should opsdfy Mno nrlshlo, for m7 

mo as shown shows. Ihs downward arrow hood looatoa tha pootWon of 

th. dsciBsli point. Tha varlabloo art doflMd do 

VARIABLE 

PCT 

TAMB 

TAMBKE 

ELEV 

WDR 

SPOL 

AILBON 

manmoK 

totAl 

Outside Asbient Temperature 
■ ». 

Heat Exchanger Fuel Temperature 
* « Vf 

Elevator Leakage 
. „ A. I-' + 

Sadder leakage 
a 

Spoiler leakage 

Aileron leakage 

mmcioN 

None 

•r 

m 
e 

There ia no limit to the number ot input «ata card« that can he supplied. 

.Output • ' .. 
ï . , 

• *** **;, **• »>*T“.»lll groTid« ataady.aUla taopnitvrs 

walwas at oaoh nodo of tho ayotao baln( 'oU«lsUd. 

,11 

- 

1 

-I— 
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5. Op re Space and Time Kitimte 

tor the 727 B Hydraulic Gyeten, the core apace used vas 1*5,000 

and the computer processing time for each set of input data vas four 

seconds. 

i 

[ 

I 

i 

I 
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10. 

VIÎ* FOR PROGHAMMTNO OTHER SYSTEMS 

Drsw n commute schematic pf the hydraulic system, eho-ing the locations 

of the pumps, load devicea, heat exchangers, tubings, etc. (See Figure 3) 

Assign numbers to the line junctions md to all the entrances and exits 

of each hydraulic component (See Figure 3). Note that each line is 

drsigneted by its downstream node number, hence the number at a junction 

is that of the dp]iv>ry line. 

Determine the flow rates through the load devices (i.e. aileron, rudder, 

®i'V tor und spoiler). 

Express the faoi rite« in oth^r lines an functions nf those through 

the load devices. e.g. XK i?7) EIJCV • V 

D.. t.rnine the pressure drop * cross the load devices. Determine the 

amli' r t temperatures. 
I 

Determine th" tube Ungths :u-.d diam-t...ro. 

Determine the heat transfer coeffirients of each element in the 

hydraulic diagram. 

Nodcl the tubes, pumps- md refcrvoire as shown in Section IV, 

Derive the applicable linear equations (See IV, Paragraph 6). 

Prepare program ns shown in "Program Listing«" 

Th« heat transfer coefficients used in this analysis art those derivad 

from ground test data on the 727 "B" hydraulic system. It is expected 

that these coefficients should be valid for all tha existing subsonic • 

Boeing commercial aircraft, Any major departure from these estábilshed 

velues would result only from, (a) aircraft size and (b) aircraft 

configuration. 
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VIII. HEFERSNCEii 

l. ihcnual Aruilyïer ( Bit h II) Irogrtuji Procedures for Heut Transfer 
AnalyBis of Aircraft Hydraulic ryrtemr. roeument No. 

?. Handbook of Knthomaticul Routines. Vol. bn, Linear Algebra. 
1^6-29720-6^. 

Handbook of Msther.atleai Routines 
nuadrature, Numorical Lifferintio 

Vol. 5# Interpolation, Appro: irj'tio’1. 
-29720-s 
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APPENDIX A 

APPENDIX B 

APPENDIX C 

APPENDIX D 

Program Listing, Input and Output 

Coordination Sheet 6-8525-68-^1 

Coordination Sheet 6-8525-69-15 

Coordination Sheet 6-8525-69-T5 

PSfi® 
25 

Ik 

k5 

55 

i 
! 
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APPENDIX A 

PROGRAM T-I3TIIIG 

Hiet Transfer Analysis of 7?T "Br Hydraulic System 

A2?B*T74»CMS5000* 
ACCT IIOSOl A27BMA0/ABI00UN(A«A< 
RUN(S((((((( d I 
SCTCOMC. 
1.00( 

/St /»SS-40S0/4-SS0S 

PROGRAM A27B <INPUT(OUTPUT.TAPCS-IMPUT(TAPE6»0UTPUTI 
PROGRAM CALCULATES STEADY STATE TEMPERATURES IN 727 • HYDRAULIC system 

DIMENSION DELVI7)( POWRIT)» PCTCO(T). PCTSYIT). 0C0<7) 
DIMENSION AlSi.SlI.BtSntOlSn.XLODtXKtSlI.XMlSndPRISn 
EXTERNAL VlPDA ,yX 

ALL FORMAT STATEMENTS USED IN THIS PROGRAM 
TAMGHE 

AIIRON •///) 
EL 

PCT 
0MT2»///) 

LENGTH IN FT COEF.OF HT.TR 

2 FORMAT(|HI(* PCT TAM8 
IEV RUDR SPOL 

« FORMAT ITEIO.S) 
7 FORMAT ITflS.S» 

10 FORMAT UlOOElO.S) 
11 FORMAT (1H1(• 0CSD1 0CSD2 PCTCD1 

1C02 PCTSY1 PCTSV2 0MT1 
12 FORMAT(SEIS.S) 
20 FORMAT (UO.AElS.Sl 
AS FORMAT!« SINGULAR MATRIX«) 
70 FORMAT<1HO(!10(F20.10) 

100 F0RMAT«1H1(« line NO OIA.in feet 
IF FLOW-LB/MIN«///) 

400 FORMAT«IHl.« STEADY-STATE SOLUTION«///« NODE TEMP DEG 
1 F«///| 

CONSTANTS USED IN THE HEAT TRANSFER ANALYSIS 
NL(IN»NR)(DLP.CP. ARE NUMBER OF LINES. OF NODES. DIFF. PRESS#. SPEC# HEAT 

DATA P!/S.14*27/(DLP/29»0(/(CP/0#4/(NL/31/(N/»l/(NR/51/ 
TAMB.TAMBHE STAND FOR AMBIENT TEMPS IN THE WING - BODY AND HEAT EXCHANGER 
XKCAV-PUMP CAVITY COEFF# S OMT-MOTOR HEAT INPUT 
PCTCO-PERCENT OF INPUT ENERGY GOING INTO CASE DRAIN 
PCTSY>PERv.ENT OF INPUT ENERGY GOING INTO PRESSURE LINE 
Ul'RESERVOlR HT.COEF# AR1«RESERV0IR AREA. 

DATA Ul/0#464/(ARl/3#2B/#XKCAV/(277/(W/B#45/ 
THE FOLLOWING ARE TABLES OF PUMP DELIVERY (DELV) IN LBS/MIN#. ENERGY INPUT 

INTO THE PUMP (POWR). THE CASE DRAIN FLOW (OCD). ANO THE FRACTION OF THE 
ENERGY INPUT THAT GOES INTO THE CASE DRAIN (PCTCD). AND INTO THE PRESSURE LINE 
IPCTSY) 

DATA (OELVIII#1-1(7)/0.(4.223(1(43.12,473(14.90(21.125(23.33/ DEL TBLE 
DATA «POWR«1)(1-1(7)/247(,287.,309.(331.(354((385.(413./ POW TBLE 
DATA IOCD«1)(1-1(7)/17.73(14.80(14.35(15.80(13.07(14.20(13.33/ CSD FLOW 
DATA (PCTCDII )(1-1(71/0.750(0.435(0.604(0.340(0.433,0.395(0.340/ 
DATA IPCTSY«I )(1-1,7)/0.000(0.088(0.130(0.189(0.247(0.320(0.348/ 

FUNCTION STATEMENTS USED IN COMPUTING THE MATRIX ARRAY 
ANST11)-EXP(-PI«D(1)«0.8S«XK(I)«XL( I )/XMII)/CP) 
GNCT(J.K)bXM(J)/(XM(J).XM(K)) 
TA«J)--TAMB««i.-ANSTIJ)) 
OLPT—0.00293«DLP/CP 

PROGRAM READS ALL THE CHARACTERISTICS OF EACH LINE 
EACH LINE IS DESIGNATED BY ITS DOWNSTREAM NODE NUMBER 
D.XL.XK.XM ARE DIA.(LENGTH.COEFF OF HEAT TRANSFER AND FLOW RATE RESPECTIVELY 

DO 5 l-l.NL 
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AFPHTOTX A 
PROGRAM LISTIJO (Continued) 

$ READ15.10) J»0(J)*xt<J)*XK(J) 
1 CONTINUE 
REA0(5*6I RCT.TANB. TAMBHE. ELEV# RUOR. Spot» AIIHON 
IF(E0F*9)B0»3 

3 WRITE(6*2) 
WRITE<A*7) FCT• TAMB* TAMBHE* ELEV* RUOR. SPOL* AILRON 
OSYT1>PCT«(ELEV*RUOR*SPOL*AIIRON )»W 
OSTT2«a.-PCT)*(ELEV+RuOR*SPOL*AlLRONl*W 
XM(13)>OSYTl 3 XM( 151■QSYT2 PRESUME 
0C01>TBLUl(XM(13l»0ELV»0C0t2*T) 
QC02«TBLUKXM(15j,0ELV.0C0.2»7) 
XM(6)"OCOl 3 XM(7)>QCD2 S XM(«)>XM(*)«XM|7| COR FLOW 
XM(2)*XM(6)♦XM• 13) % XM(3)>XM(7)<*XMa9| 
XM(10)*XM(9) 3 XMI11|«XM(10) HT*EXCH6 
XM(27)>ELEV«W3XM(20I>0*»»XM(27) 3 XM(22)>XM(20t 3 XM(23I-XM(20) ELEV.LKG 
XM(25)"XM(20) 3 XM(19)>XH(271 ELEV.LKG 
XM(30J«RUDR*W3xM(28I*XM(30) 3 xM!13)»XM<27)*xM<30> 3 XM|32)>XM(13) 
XM(3A)■SPOL*W3XM(35)*0»5*XM(3A) 3 XM(37)>XMI35l 3 XM(A5)>XMI95) SPOL*LKG 
XMIA7)»XM(35) 3 XM(39)«XM(32)«XM(37) SPOL.LKG 
XM( A2 ) «AIlRON*W3XM( AO)*XM( 42 ) 3 XM( 33)>XMI 3A)^XMU0) AILR.LXG 
XM(44)»XM{39) + XM(42) 3 XM(491SXM(44)♦XM)47)3 XM«17)-XMC49) RTRN.PRE 
XM(16)SXM(13)4XM(15) 
XM(50)«XM(11)♦XM)49) 3 XM(8)«XM(7)4XM(3) 
PCTCDl-TBLUl(XM(13)»OELV*PCTCOtl*7l 
PCTC02>rBLUl(XM(15)»OELV«PCTCO»l»7) 
PCTSYl«TBLUl(XM(13)*OELV»PCTSY(lt7l 
PCTSY2-TBLU1<XM(15).OELV.PCTSY.l.7) 
OMIT-TBLU1<XM(13)*OELV*POWR*2*7) 
QMT2mTBLUKXM(15) tOELV.POWR.2.7) 
WRITEI6.il) 
PRINT 12 tQCOl*OCD2*PCTC01*PCTC02»PCTSY1.PCTSY2*QMT1*OMT2 

C print INPUT CHARACTERISTICS FOR EACH LINE 
WRITE (6*100) 
DO 8 J-i*N 
WRITE (6*20) J*D(J)*XL(J)tXK(J)»XM(J) 

6 CONTINUE 
C COMPUTE* ARRANGE and PRINT 31X51 MATRIX AND the 51 VECTORS 

DO 25 !>1*N 
00 25 J-l.N 

25 A(I*J)>0. 
DO 30 !>1»NR 

30 B(I)aO* 
00 35 1■!*N ' 

35 AI I*I)■•!« 
A ( 1 * 50 ) >CP#XM( 50) / ( U1*AR1KP*XMI 50 ) I RESERVOR 
A ( 1 • 51 ) «U^ARl/1U1 *ARl4CP»XM( 10 ) ) RESERVOR 
A(2#1)>ANST(2) 8 A(2.31)«l.-A(2.1) PMP 1 IN 
A(3.1)«ANST(3) 3 A(3*51)>l.-A(3tl) PMP 2 IN 
A(4»2)«l. 3 B(4)>-PCTCD1»0MT1/CP/XM(6I CSDR «1 
A(5.3)-1. 3 B(5) —PCTCD2*OMT2/CP/XM(7) CSDR -2 
A(6*4)-ANST(6) 3 A|6*51)>1.-A(6«4) LINE 6 
A(7t5)>ANST(7) 8 A(7,51)-1.-A(7.5) LINE 7 
À(8*61-GNCT(6*7) 3 AI8*7)-GNCT(7*6) JNCT 6-7 
A(9«8)-ANSI(9) 3 B(9)-TA(9) LINE 9 
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AFT*m>rx a 
PROGRAM MPTIRG (--ontimied) 

« 

A( 10*9)«ANST( 10) * B< 10)»TAMlHE«a.-ANST< 1011 
A(ll.lO)-ANSTlll) % BIU)*TA(ln 
1PIXM(IB)I19*13t14 

IS AI 12*2 
AI 13*12 
60 TO 16 

U AI 12*2I BI12)«-PCTSYI*0MT1/CP/XMU3» 
AI1S*12)>aNSTI1S) * A(13*51)"l«-ANSI 113) 

1« 1PIXMI1SH1S*1S»1A 
13 AIU»3)>1# 

AI13»14)>1* 
60 TO 17 

• lé AI 14.3)-1, l 6ll4t>-PCT$Y2*QMT2/CP/XMll3) 
A(15*1A)-ANSTI13) * AI 15.51)»1.-ANSI115) 

17 A{16.13>»6NCTI13,15) * A(U.15)*GNCT(15*13) 
At17»16)*AN$T(17) » BI17)>tXI17) 
Alia*17)>ANSTI18) S BllB)-TAI18) 
AI19*18)>ANSTI19) 8 BU9)-T4ll9) 
A|20*19)>AN$TI20) 8 Bl20t>7Af20) 
AI21.20)-1. 8 'BI2D-DLPT 
A(22*21)-ANSTI22) 8 BI22)-TAI22) 
A(23*19)-aNSTI23) 8 6I23)-TAI23) 
AI24.23)-1. 8 B(24)-DLPT 
A{23*24)-AN$TI23) 8 BI25)-TA|25I 
A(26*22)-6NCTI22.25> 8 A(26»23)-6NCTI23*22) 
A{27*26)-ANSTI27) S BI27I-TAI27) 
A128.18)-ANSI128) 8 BI28)-TAI28) 
A(29.28)-1. 8 Bl29)-OLPT 
A(30.29)-ANST(30) 8 BI30)-TAI30I 
Al31.27l-GNCTI27.30) 8 A(31»30)-6NCTI30»27) 
A(32.31)>aNSTI32) 8 BI32)-TAI32) 
AI 33.17 )-ANSI133) 8 6I33)-TAI33) 
A134»33)*ANSI134) 8 BI34)>TA(34> 
AI35»34)-ANST133) 3 B(33)-TAI35) 
A(36*35)-1. 5 BOB)-OLPT 
A137•36)-ANSI137) 8 BI37)-TAI37) 
AI38.32I-GNCTI32.37) 8 A|38»37)>GNCTI37.32) 
A(39*36)>AN$T(39) 8 BI39)-TAI39) 
A140 * 33)-ANST140) 8 BI40)-TA(40) 
AI41.40)-1. 3 BI4D-0LPT 
A142 »41)-ANST142) 3 BI42)-TAI42) 
AI43.39l-GNCTI39.42) 3 A{43*42)>GNCTI42»39) 
At44.43)-ANST1441 3 BI44|-TA(44) 
A145•34)-ANST145) 3 BI45)-TAI45) 
AI46.45)-1. 3 6(46)-OLPT 
A147.46)-ANST147) 3 BI47)-TAI47) 
A148 *44)-GNCT144 »47) 8 A(48*47)-GNCT(47»44) 
A149»48)-ANST1491 3 B(49)«TA(49) 
At50*11 )-GNcT 111.49) 3 A(50*49)-GNCT(49»U) 
A151 » 8 ) —CP#XM18)/XXCAV 3 A(51»16)--CP»XM(Í6I/XKCAV 
A(51.50)-CP*XMI50)/XKCAV 
B(31)>-(OMT1*QMT24TAHB*XKCAV*I0.02473*OLP»2.B70))/XKCAV 

C SOLVE THE 51 LINEAR EQUATIONS USING THE SUB-PROGRAM CALLEO GLESOS 
CALL GLESOS IA.NR*N*IPR»8*01) 

HEAT EXG 
LINE 11 

SYS-OUT1 
LINE 13 

LINE 15 
JNC13-15 
LINE 17 
LINE 18 
LINE 19 
LINE 20 
LH ELEV. 
LINE 22 
LINE 23 
RH ELEV. 
LINE 25 
JNC22-25 
line, 27 
LINE 28 
RUDDER 
LINE SO 
JNC27-30 
LINE 32 
LINE 33 
LINE 34 
LINE 35 
RH SPOLR 
LINE 37 
LNf32-37 
LINE 39 
LINE 40 
AILERON 
LINE 42 
JNC39-42 
LINE 44 
LINE 45 
LH SPOLR 
LINE 47 
JNC44-47 
LINE 49 
JNC11-49 
PMP CAVT 
PMP CAVT 
PMP CAVT 

Î 
•» 
o 
< 
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AFPKNDTX A 
PROGRAM LIHTTNG (continued) 

M inOl.EO.O.» WR1TE(6*6») 
. C PRINT SOLUTION (STEADY STATE TEMPERATURES I 

WAITE(6*4001 
WRITEÍ6.70)(1.B(l»*I«l*Ni 
GO TO 1 

60 RETURN 
END 

2 .06290 9.0 
9 .06290 9.0 
6 «0312S 1.09 
7 .03129 6.40 
9 .09200 20.14 

10 .09200 39.20 
11 .09200 20.6« 
13 .04167 2.42 
19 .04167 1.979 
17 .04167 19.42 
II .04167 11.12 
19 .03129 92.60 
20 .02063 7.39 
22 .03129 6.69 
23 .02063 7.24 
29 .03129 6.77 
27 .03129 91.1*0 
26 .03129 49.09 
30 .03129 49.40 
32 .04167 38.09 
33 .04167 2.682 
34 .04167 6.19 
39 .03129 33.33 
37 .03129 10.24 
39 .04167 6.00 
40 .02063 6.63 

012 
062 
062 
062 
012 
967 
012 
062 
082 
0729 
0697 
0697 
0697 
0697 
0-,97 
0(97 
0>.9 7 
0697 
0657 
0729 
C729 
0729 
0729 
0^29 
0729 
0729 

42 .02063 4.65 
44 .04167 7.06 
49 .03125 33.33 
47 .03125 22.50 
49 .04167 13.00 

0.93671 56. 70. 
0.000 79. 70. 
0.93671 96. 70. 
0.000 79. * 70. 

t 
* 

0729 
0729 
1)729 
0729 
0J40 
70 
2 
40 
4 

0*70 
1*0 
1.40 
2.0 

0*67 
1*0 
1.74 
2.0 

t 

• 
I 

: 

0*1 
0*2 
0.2 
0.4 
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REV SYM 

Node Temperature ®F 

i IM . Of 

? m 

<> 1 

« IJ 

* I?»*. I 7*:fc?**n«í3 

1 1 »«¡.'»IMliíi)«* 

H I 7n-»í.fí? 

9 I 7». J?n«í.»*?n3 

10 l«fc.»ni:|»qqj m 

11 1 ï ' •* 7it*07f>S0fi 

1? lo*,soMnSi7H03 

13 It*.000*101*40 

1* io« ,oiè7Ç?‘;«jv 

H |0«.n«7r?ll720 

10 |0«.*í|«1SooOíO 

17 * it4,oo¿n7«qj7S 

10 107.2074171«SJ 

H, 10^.27^2010100 

20 107.0007300103 

21 1oq,;q«*onoi03 

2? |t«,oi«9o39033 

73 |07.71Ol00Hl3t ' 

2* |tl.3771100136 

APPENDIX A 

PROGRAM OUTPUT 

#X 

Node 
7« 

26 

77 

27 

29 

30 

11 

72 

73 

30 

30 

76 

.37 

io 

19 

00 

oí 

02 

oí 

00 

o; 

06 

07 

*7 

09 

90 

SI 

not RtPROOUCIBU 

Temperature °F 

169.7*IIOO0S2A6 

160,6071212126 

1«7.1037174927 

|«1 .097697771« 

171.1«70077716 

161 .20|6|6«122 

1*7.172667902^ 

19^.6710111697 

16».3900296479 

161 .3060622965 

107.*319600320 

16^.10,17100120 

160.3996*00729 

157.923937S110 

1*1.10*7977150 

160,1011900712 

176,1499004712 

169.69257*3071 

1*0.0(110231202 

193.1325939-109 

1*7,53)96*0120 

I65.1O071OO320 

1**.9-1*2199707 

I*0.19209?*17* 

15^,«711079*60 

191,5130367043 

1 39.240630027(1 

NO. DÒ-2552OTN 
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REV SYM 

Node 

; 

H 

S 

I 1 

I I 

»? 

1 1 

»4 

|t 

»4 

I t 

Ie 

IS 

?n 

?1 

?? 

?3 

?4 

Temperature F 

i» 

i4 ». i n is m ?• 

14 », I4f 

I r, » ^1.» i^g TH r 7 

I '¡'i ,S?# »4|^|1| 

11) ni,;f n 

1^4.«i i ^ 

»S3 ,/ 

»4», ;; jof'4| Mj 

I 44 , Mt J t. J k 

»4 » , r»I »3177/4 

14/.311^1,7/4 

14).4441 IB/CiM , 

1 4 1 

|e^#¿kt4e^7^,¢. 

175.Si ¿«n^kl 

I / 7.45;<i5<J-ik^| 

14 ? .* '/r^; o'<4*<4. 

1 7 / .14,IPS , çUj, 

15ç.P7ioeqUH< 

I 5r , I H, up /,,, 

1//.4/44)ppIMÿ 

I 4 S . H'-^ppp ,M- 

APPEîfDIX A 

PROGRAM OUTPUT 

#2 

Node 

?4 

?4 

?/ 

?4 

«n 

/» 

»? 

M 

/4 

1» 

14 

1/ 

IH 

15 

4 4 

41 

4? 

4 1 

44 

46 

44 

47 

44 

45 

Si) 

6» 

Temperature "F 

14 4.6 »/•ssPiru.'» 

»6 <1.1/.« I? 16 743 

1p*',?6|S?>*ks34 

I 7.1.P?*7«464 13 

I s?l«sI4S413 

I 4 1,5,1 )7)56051 

I / 4 . »¿<41* 74 / 0/1 

14* .6-1447 14P|; 

I /S, 1*654^7 I44 

1 / 7 ,» /3/)6 1164?^ 

1 4 6 . I 7 1,) s 6 6 I * J 

14 7, 7 46M4 6I. )P| 

141,4444776474 

I/1.B?54114J3P 

I /1 , 0 » 4 *4 4/IP J ^ 

I /6. I 75» 1.«, 74n 

154. 7HV64 1 ) 7M)' 

15 1,47/74)6 154 

1 31.17*4)471155 

1 /<"'.6'ip)Sm7J4S 

1 4 P . J ? <’ (1566IPI 

1 » ». /7/ 4466)5) 

1 »4.5411C4M4 7 ) 

1/7.»6t157675j 

I 7l,76P4l/*64 34 

144.» /64577M5/. 

1*1.45)741*49) 

NOT REPRODUCIBLE no. 1)6-25520^ 
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REV SYM 

fk'de 

I 

? 

i 

* 

6 

h 

1 
fi 

I n 

II • 

I? 

I ? 

14 

1« 

If 

17 

If) 

15 

?n 

¿>i 

/>? 

i*4 

Tempefature CF 

^ ^ 4 » H I 

;n4.nr<.f|n?R|4 

S 04 . Of) 1.10 7Mi<> 7 

' 7?,P| M Of <i|^o 

i’if.f ?4 jnS7«i* 

^ Î? »o I f 7f I m<3 7 

«■iS.I/'igçAj«*;! 

,e4;Sf •« u<fp 

I S« ,4f pi'’» 7S*fc 

If 7,f |fSi«974jt 

'P 1.11 lfSno73% 

P? I .07)40001140 

rI *.*Iff0SO1J1 
« 

<l".1|f4P7lN?| 

PpO.qilRflUnnfl 

P 11 .eS4pS?1|Of 

P 1•. If0)|40N2f 

?nf .74?S«f lîtiji 

'Of .'''pSSfSnjf 

PP". |S|744so3f 

PP*.3*47|f i»77 

Pflf ,f 04|Sf 7RS!r 

Ppo .P I >S4f Post 

PPOCFAM OUTPUT 

#3 

Node 

?6 

P7 

?l> 
P9 

10 

II 

1? 

11 

14 

I« 

' If 

» 71 
* 

If 

IS 

40 

41 

4P 

41 

44 

4« 

4f 

4 7 

40 

49 

50 

51 

Tompe rutiune UF 
??4.4M0»|?*3« 

PP«.4HlUi|i71Sf 

P»S.1S9P7|?1Sf 

POS.7077*9017S 

P1I.11fS«90J7% 

p?p , 1 ofo*9nOS5 

PI •»111**01«of 

Pn.i**4SS7Piof 

PI*.ilfM SO*|¿ 

PI 7,44 747^0140 

P0*.4«*MS4SM 

P? * ,0fl40SfS?b 

Pi*.3**17 I4M 

P1*.S* 7470(4731 

PI*.34**44 7490 

P|P.11«S1744?4 

P71.SP404744P4 

ppo.00*0149400 

P1 * . 0*4 390S136 

PI«..»?S**f«iOjt 

pf*.4*4 77949P5 

PP*.04344940^* 

PPO »04 3 3437114 

?!*.1**01170|f 

?1*.*91417441) 

P04,|O4l*.1t9l4 

aO¿. *43^544*5 

NOT REPRODUCIBLE 1 
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REV SYM

Appsunn A 

FPOGPAM OimUT

Rode Terriperaturft *F Noiie Tenpersture 'F
1 1 f 1 f »l nn tff' 1 *> • 7 1 04M04

?7 * «

1 .** 1 /*• <;’*1 ••-ms;*'* 1 po i«

; f«.^v
)4

ih in ^ 4«- , ?04 V10P4.9P.

r4«; ,f. POM? •1 PtQ^

f *■<='••‘.1 74’' <49

**190n

^4 ?-»# . ’"9;*;;Q97M 19 >4?,47*- I- ?^*i**r

|A ;n*»,^4|M0C4n?J »v54*>l P73

r73

*' -*••.< I nil I ?♦»

I" ^ in e>.*s<}t

'1 ; ’ 1. 1 ?
4 •’ t ?* . ■•'

? 3 • • 7 ? 1; C rud. ii ? 4 1 ,tt. .i; 1 ••«.

IT 4s^ >n . 1 If. lyj. ,» 7,

IS 4*» ? ■«* 1 ? 71 Tir

11
44 J?s. islssy*;*

?r. ^1* 1 1 4^ >^s.si«?*siTT3

^1 .•■9»j4yif.4?
4?* 773

-'f ^ 1 ^.*>4 1 >1 ?*‘'-9/
47 r* 1 .,*-i nsHy«;>s

4M «-nsHyi?

>• -S' . P7|%<i?*.t..jr 4S •’’I.II 1?7III23
-s|^,«4'»Triinjr s-' 1 .>• 7«-7<i7? !is

‘^1 ^;<».S'-l>>S7nHS

NOT REPRODUCIBLE JMumwv Ho.r«t’-2552WN
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ITEM NO. ; - . I

DATE Sapt. 83> 1968 

MOOEl 727-200 ^ .
CAD liechaalcal Byatass Gtaff - Fenton Braach 
l^’drauJln, M»ebaalt»« and Control Systena . .
Prallnluaiv Peaulta of Hydraulic Syctar Xai^eratara and 
FJjou Dlatributloa Crouod Test on :^{ZfOL (QA 001) i

(«)

(t)

FTA ^ 17001, 727 Hydraulic Valae Erosion Basallos for 
:rr270i. (QA oai)

■ -
. i

Coordination Sheet 6-8505-68-15, June 17, I960, Beat Tranaftr 
Analysis of the 787-800 "A" Hydraulic Syetaa.

■ f >-■ '*

r*-
- -■

BAO'OnC^TJiD

AirlJne operators have been axperianclng usany problees vlth control »alve erosion 
in t'-elr !2t airplanes ovar the post several Booths. As part of tbs conslderritla 
oKO-jj'.t oi effort being applied to the solution of this nvoVlen, tbc referencad £VA 
was vritt'^n.ln part, to neasure leakage flow rates ar.l their resultiag eflOcts upon 
jyaten. teripe.atura disti*icution uair,s alri-lac.j q.\001 as the test vehicle. . This data 
j*ll be employed to cfaedi and Irsprove the accuracy of a dlf.Ual computer progran 
w’.loh porforrs hydraulic systets rhciTO^l nnelyses (Fefercric* to). co. outer procrai* 
'!^^r *:.en be uocl to extend this date to other operating oondltJcua (l.a., various 
flow rates, aisllent teoperaturos, syoten confitpuratlon *;hoages, etc.).'

Ihe tost results reported herein do not represent final data since st least one fl.<m. 
(uianuel orovlded 1 nnufflclent Irsfornatloa, and one terperatare channel gave erroneo'io 
dntn. It ij bellev--d, however, that the majority of results obtained is of uee and 
thc-jfore, the more important raeaeurenents are presented.

ajM URY . . ;.

Kill QF 170C1 outlines a ground test which is cor,ductcd basically in two parts.
First, with the ground interc.'anect closed, brake luterenonect closed, and all . 
fJi.-.ht controls l.rcludlrig sp'oUnr bypass valves turned ei'f, the Ko. 1 and So. 2 
"A'’ and "B" pumps are started and allowed to operate (anginas at Idle) for thirty • 
minutes. This provides sufficient time for the hydraulic aystera teoperaturea to 
BtBbillie. next, the fll^t controlc are turued on consecutively with nds«iunt« 
time between each to allow cljongos of flow rate to be ivad. i?hen all flight 
controls have bsea turned on tiie "A" and ’*3" system puroa are operated fen- an 
addltloi^l thirty Blnutes to allow teirperatures to once again stablUse. The engines-*- 
ohl p'jsipfl asre than shut down en<l recording of data coati.uues for an cddlcional 
fifteen sdnutea.

During the ground test run on July l8, 1968, the OAT wsa T9’F. Some of the 
t-eaaared teapcraturca and flow sratea are shown in ri;:uivs 1 thr-ouj^ 4. IRieca 
grsjna Include pump output flow rate, easa. drain flcrj rote, output flow te*g»eraiure, 
si.nply flew ten^aralbrc, end case di-eln flow ter neratui-- varsua li-.tG ti« for both 
pui.pa 1.0 each of the hydraulic syataas. Alao ..’-.own a.<c the tit*.-! at which the
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, iriou* i;\'eat« took f>Iaee duatn«r Uv t«*t. _ ________
><r«t«n case drain Ilow rataa outilda th* readable renge (^net^lsL' t7i» i»a«are- 
■aantg eorraoporiding to flow Mtcf laae <tmn -tan parcant of flow oetar acale were 

. ,/* «tbo nolay to read) ere,«rtittrt. Ooaver«e2jr, sene of the p»ap'\iatpat flow rates
:. *are •ppraxlnated ewon «iooe^ their oagultudeo art oiureadfitola. This la f’..»a to 
V lllnotTete tka probable output flow rate sogf-etto'! tor the relatlcoaMp between 

6uetl<m and outlet tlcv t«q»er^otres. That la, tui oatldb flulA teeperatute vl-.Ich-------- ----- — w - - W.-WW*.-. *«4^w XU* w(VA.9v^ i^Ti^ipenixuxv w'.ico
U iwi thfla the Inlet flul4 te^p-sretiune (this oecura only 4t the ’•b" eyaitda punoeV
'Ci>fY^ra4.«a ati ~ _____ ____ _ ^ /

, indicatea there le no output flow. Ab aoon as output fldw begins, the proper*
; ^-relQtionaklp between tha enb^ect flow tanpsratnres la aatabliahed aa iwy be ssaa 

figure 4. ^
■■■■■•

>.

.*•
: 'i V

1;

. .'; sbowo tJ*a‘ !fo. 1 "A" aytlejs pump flow and teBperature Baraw»tera. With
•- ^^tha flight cbntrolB turned off, lha output fl.iw la aiepaetad to be tBcU la vagnittide. 
• '* ,.^ BeaauraMa caaa drain flcTu rata was approxljnatoiy 0.3 gpr whioh apoecrud 

raaaia eonctant both prior tu> during, nnd afxar flight ccnhrols were turned on. 
■vi ■'Before angageoant of flight eontrola, the caisa drain flow tnoperature eppaarOd to 
, - •y’ < stobUlne at epproainateljr l6U*7. The highaat caaa drain iaaterature vna readied 

r 'vV > the and of test and waa lCO*r. ,
%
As will be 6*jea Inter, the Ko. 2 '’A* ayateiu punp output flow reiualnod Vslow the”

• Ten labia ra<v?» for tho duration of the ground teat although It ^ la expected the';
8Wf fluid VPS flowiiig tlii-ough the outlat porta. Oonr»<iuentljr, the cheages 
Indicated by tha flowratec In the N’o. 1 p.unp p.ersurj lino during activation of 
the flight eo^iLrol ayatens represent taa lee’ site flow w';;a ih-Ahose syotena.
?iV'ra I thee. «hows t.;,at If thare Is nny Iruhtgc through the "A” sy*ita« portion 
of tlia aileron control unit. It is ■.-.iatecl,,ulo with the Instrupftntatloa used.

,0n the ottMr iisad» the "A" sj'ste* incremental flow rat^-B reiiulting tnm actlvut-ion 
of the reasinlng control nysteiOB era about 1.1 gp-j (4X70 cc/dn), 0.9 gpn (342a 
cc/.s>ji), and 0.75 *P« cc/cin) for the elevators, rurftlar, and a^ilan,
•woptfcMtely. ^

Figure 2 shows that tba 1»o. 2 "A" systsarpoiup case drain flow mta ramalhad 
l^lailvely constant at about 0.46 gp?n. Tbe oi*;put flow rnta was below the

• rea<iable rnAr.e for tha entire test. Ths hl^eot case dt«ln ftow teapemture
Measured was l?5*F. ,

Te-tperaturea and flows fbr tha Fo, 1 "B" syst.'a puap ere shown in Plgu»*3. A 
■at;< ■ling}y high case drain flow rwto of shout 2.1 fpn wss aeasored throwg/iout the 

,_tust; It appeavsd faere vea no outlput flow at any time. The dlp ln cane drain 
'^and Inlet n.cw taigwraturee wUl be discussed later, frcssilag of the inlet end 

Outlet flow temparstuBB linos suggests that Shortlp «ft*r the spoiler bypsas valves . 
were opendd s snail sataunt of fluid flowed out thr«w^'< the pi^ssure line.

Figure 4 Indleates thst 12te Ho. 2 "B" systen pnw|^ case drain flownster van 2.0 gpa . 
until the elevator was turned on, after lAleh It.settled out,to about I.7 gr'-. \
fne output flow rata, on tiia o^her hariS, waa asssitialiy a»r6;exe<pt for a brief 
trancl.-afe at the Ufglnaing pf tosti 'mtll flight ^ontiMlu were turned On. Ho 
jasseussble flow rate ;Ufierancew vara noted for the ailerons and elevators. V;iea ' 
tnr rudder iujd spoilc* were tu»«d on, bowev^n-, <ti»e Oituat flow r«ia i;icrease« 
v-re aroaad V.24 gp» <4y10 cc/*du) and l,2o gp« (4550 cc/.iln), respectively. ' * : C-
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Once output flow was established, the proper relationship between inlet tod outlet 
flow temperaturas wes established. ThU occurs WBOh the «lierons were ftctivebei 
indicotinç, as 1« expected, that tiere le leokas9 through this unit «Ven though 
It is below the ranga veasurnble with the Instruíantation used* ; , > . 

* 

W>»co flow U established through the output line, the relatively cool fluid in thle 
line «tlxís with the remainder of the fluid creating g wall traaeienVdenoted by 
the dip in the temperature traces shown in figures 3 *hd 

^ Î - 
CONCLUSICIS 

1. 

i 

Based ca degree for degree correction, the naxlnua meaaured and standard hot 
day case drain tenperetuxes reached during extended ground idle are: 

Puaß 

No. 1 "A” «yeten 

Maximum Otee Drain Temperatura. *f 

Measured Standard Hot Day 
ido aa 

< 

Ho. 2 "A" eyatem 

No. 1 "B" system 

2. 

17$ 216 i 

199 240 

Ihe system lenkrge flows corresponding to these arxlfeuin tempern tore a ere: 

now Rata, ¿•pa (cc/mln) 
"l" gysten **911 System 

A Llerone 

Elevator 

Budder 

Spoliera 

Unmeasurable 

1.1 (4170) 

0.9 (3420) 

0.75 (2640) 

Uni»-as.) rat le 

lloMSsumble 

1.24 (4710) 

1.20 (4550) 

As soon as the ground test is redone to obtain all of the recensar/ flow and 
iemperature date, correlations will be undo fcevw»en this data snd ecu;outer 
results. • 

D6-2552OPN 
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NO. 6-C5?5-69-15
HEM NO.

*^^^6 2J., 1969
'^'ODEl 72f7_2oo

Mechanical Syabaici Stuff - Hantoa Dx-a.ich 
H>druullc, Heohanlasu, lu'.a Ccntfol Sj »tcai
Binol flaaulta of Hjrdraallc Systoa T«iii-*r»ture end Flow 
DlAtrlPutlcq Qxv>ax;i T«et on HTC/OT, (QA 001)

17001, "TaY Hydraulic Valve Erosion Bneallna for 
tTiilijL (<4A 001)*

(h) CcordlnAtlrjn Cj eot 6-£>C5-r'8-A5, Puted June 17, 1968, "Heat 
Transfer .^.ualjals of th4 727-200 “A" HyOiowUc SyaUa*

(e) CvordUtotlou Jheat 6-8^2?-68Jh, Septar.ber 23, leC3. "Pwiiclnary 
R< watts of i.j-drataic Jystaa Tenperature and Flow Distribution 
Oieund *!s*t on H727C1, Cul)"

y.lo:(PvjFr>r

«et r«»rlors.Hj in vhloh cue Hov channel and one ta*p.mtux« channel «vc
of ttM app-aiv.i to be however, ao

the svoio lTc:ort,B,it ivjrtJoro of It were ra;A;rta.l In T»afcr*Dca (c).

A nnal ’if v.»a acco^vpll.tbad prior to SWA 1? 17C01 coixcellatloo. The
pta >^a Jf thla csroBUo'cAblXi i.a to transalt tj'a Pes>U.t» ot the , vaat. Un- 
Jo\%urnU.iy, prograOTlxaf prcoi«>r.V ham rrec)x»JM the ccwparlaon of thle data

further the
anelytl.cl c .apnrla..n will ha locoed aa an nddaodua uhsa It la arcllabla.

Diit-issTiru

^ tact procaduw used durl.-n; thla teat la the ease ca that reported U 
R-ferenca (r}. Soaiiarlzlnfc briefly, with brake and s>3t-n Interconnecta

■’9 -u>-od off.
* ay.Jit'.t vUx.31 are ove-eunvl (eogtnea at idle) for rhlrf/ mlnuteo 

to ellov syjtrm teri^c. rfrea uo otebl. Ue. »he fllgot control eyetne-. are 
than iurt.c.} .a, one «t 3 tire,, with eufflcient time 1 'terrala to oliow flow 
retea to he road. Wlti all fUah*. control ayetewo o:. the purpa ere operated 
for an rddUlonal thirty alnutoo to reutnbllite the teateratursa!

»!• final jrowaj naet va.< rerfomsd oe a dry day with an arerawe OAT of 57 f. 
Flow un.e tfcicn '.oe ..ae t ie Www!i in Fluuraa 3 and 2 vnila the uajcritr
of the teM-^rat'ir c.,-„ laclvird 1:. rijtun.a 3 thv;o^ 7. Osnerallr It U 
beli.v«* ^hat tj . t..-»ratnve d.-„ obtained am axcciJ^t/whlle t^.o nnta 
are o» ej c'tnrwr.t i»Htivne.-.tar.jo»i c *i tMUtlte will provide. Several 
now late MeaauruiontB were U1..W the W*!ebla renget during poi-tiona of the
vOive

.*v ■

ttl r
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.y*-- '
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YbsM irvftii h«w In Figure* 1 w4 2
S* ou1*«t, tim. fro«>!9*rUln puBps dufiag C''

Vb«M teiuctlena ■■•« 0m1* IwiedLon t^e jrol»tlcft»Wj> ^ USSt^ SS^XrJ^XSt,.. UWT.«» .SM^ «<• ‘«T“‘ -
iBd^ce^a no outpoi rioe, ^:; , ;:. ?; .' ' ■'• '■* -
Berlwllit tlie floe rat* tftwF» th«t tVa'ttUiisi **' ^t»» X
canTaSl" ftoe*.of aftwii 0.3«»tFl«Ur* X).^Ib e« 
teat It 1* o*B*et*4 that Itex* *M « amajl. <i(K>nt of output Acu.frow tha^ ■.•^S^SSirWfe nSl taT-*' w nrt,r W tt.^ M,StMlirml ti^U n#Q» I»wb>.dy_
cimlsed aeaiOy all ortfc^ fKwWwt m«ocnr String t«* ttgfc. xai n>^r 
mT^A* p\np h*& no BaaBUTaWa* output no* until ttoo alo^feora *«*•
^ rntJ^LSant. of rtout 1.38 gpo^ 0.88 gp* »d 0.86 

elavntora, n:A4*» eni ■^ollera «*C9 tuaD*d 
nuaihar two^A' W apfartotly t*s*o'^•Infr *: > *
through the outlet port at tfc* tie* the anoUer hypata i*e« <>9*o^ ?
Total ’A* ayatuB leakaga flo* rate »ith lil,fllghVjpoftroIA turned oa, th«B|^ . ^ 
ua* aosBuhat in aiceaa of 3.I gp*. ,. ‘ „

Th* caoe drtito floe rat. of ..eh of ^ KjUoffi 'B' ‘
2.1 Pc-a {rigura 2). rhl. «%a oafi-vaAflabl* V'
T*mr*ratura 4*t* lndlcat*a th*t thei* w no outl^ !j^!T S^li^ '
fU5t't controlB tnxtMhl Off. Thla could be a*pact*d, hsMvar, alnca, Sa thl* 

thHS/ poanlble floe poth. a« tlat«*gf t^ 
valea or tJ« rwtr^il stair Bod'^ar packogB^ An
on* ’B* JHwp output flovVia '.nltl*«»d vh'u ^ alovtKSora ^»* e^rAlaed and

Aurtloo Of the teat. A amaU ^
put floe uus aitabliehel uh*r. tVe all*roB* *ere
gpa ulth ru?d«f* on a»»T op»uln^ apollar hyrae« ealv* • rWoy __ ,
2 22 gp«. T^ewfOiu, *iU» all flight- controls tu«o4 oo th* total **« «?*.*» * • ,*
lealagA UM *o»evhut In *x««»a of 8.22 gp*. ,i • • V;-.

»o», turning attontioa to th* t«sp*ratur* data s^n ^'V^'^**®** 'i
y~Pf oeaaral ohacrratloo* eaa 1® BOd* vlth ragaanl to tb*ae ^4*^;
case dram floe taBperatuxea occur at the «"*
and Jtvai -rlor to aoarglalng of flight controla far «»? ‘

V'
S”’a.

V r.
%■

•V • ,-:•

.

- ‘J^a ‘

r-.r-'

WW ju«la A.W»^ W ai****^*.-—r> — - - - - ^ i.f
167T, 16JF and 1«9F for the ruwtor apa 'A', nwtortu* •/

" j
n« nuHDvr « » ——— »■ ^ "v<?. yyiVi*-

pu pa, rsepoctlBily. It 1* fait that tha lanrga 
to™pal^atot«a HI night controls ai* turt*« «, la ^ v
of prior o-^tlat flow. After to* ajratoa ov*rall t*Bparatu»% U ld**r*d V
thU fluid. reatablUi^lon toglna. ; y ^‘ '.

Vith flight controla OQ, it'|pp**ra that appro*lB«V»ly X^ of *^’^^4°*.
trained in th* conaldawthl#'l*ogtb of lln* hateeeo th* ’A (niapa gptd tha hoAA^55.r^;JS^' U .»iea «»«t k, • nr
•»• arst**. ■thio wM»a that *to«* X»-BTVJ>la aoB ^T5jWyw being . ■ X -
»4*cto« to to. foal to bh» *A' a»A *r ^ fv .

rk: . ■ <.-V^ 4- .' '■’ -.

^ •

t.
-

‘f
;'t - • .■ V ' i‘ *]|pi;-'’. ■
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> ftso-’asxo.t'r

r.
'■*

f ■ -. ' ■

il"' y.-v*

,v'» ,^9Qi1b «pp9ars %b lit 41#l^i#Vaat. sine* tJi# */S* B]rst«n «xcb«Bgttr'hM tvios
>b« ■urfacB (u«a of Oo »«* «ys>oii »«♦.. Xt Is Njlli-Ked, hoHowr, Utat the 

vbiat tranefier rates, which are » functimx of the iatenoit ccnvoetlv* best 
tfensfer -•oemclsats, fary appreciably for each of the best eachengers 
stnoe tJie fteyaoMt .n\Babera are about h‘0 aM U,COO Tor »V' «»• eyste-As,
re<» jljr'. ''~at t. r tar Ciisraci.'ilstl''a are cousiaercbjLy different for 
1 sail war aed turbulent flow «id are les4 predletable as Reynolds auoter Is 
lowetad.

the highest resenoir tei^ratur'JS reached were U5F and l62P far ths 'A' 
sod »ijrstees, rs»t>«ctlt«ly.

OOMa.u;.;o}fSt

1. Xhe laahsge flow y^s errerlonced on airplane QA 001 arsi

?’v,
■ ■ •

k-V-i/ n
/I-

i

.►•>*« * .

■> -r .
■ r r' ■

.. -N-- .

Alierous 

Slaratora 

P>«Mer3 

3poi:jera 

Kasrlinin total

'/T':

Flow gpaa
*A« System

Un»ea*ur«blo

<1.32

0.88

o.rA
■ r

*B* Syetea 

Unaeaeureble 

Unneasurobla 

<1.35 

0.97 

>2.32

2. Vlth estendad *ro :rid Idle, thle res»’lv-» In the r. U.rjin^ aaxlsir^ actual 
ter^'STnturaa 4v>i atandaxd hot day tfcrpsrst'iTJS (based on dOiiaee for degree 
correction)!

HaxlMvn Case Drain Teisperature. F

PWE
No. 1 'A* aystea 

no. 2 'A' ayste;a 

Mo. 1 'B» syetflsi

Measured

167

163

lfi9

Staridard i>ot Hay 

230 

226 

252

3» ■ Other .B/ste« data la a* showa la Figures 3 through 7*

If the^^ art any qv^istlens regarding the data presented herain, pLsaee contact 
the undersigned. ^

. ■

K r-
■ ■* •

l*pepare l by C,«- fZ -v:<t
/r. K. fit rang./ 
6-8525 73-22

__ Approved by
i. 2'. Meredmi

• 4
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' ^COORbWATipN-:.SHEET^|-S ?-: ::^^'
•'■ ' : r ,i ■ ■'--- ••-'^iA 6-8J25-69^75>«.'.

- e'*uA. 
^ tip. ; ? \ - *,r ■

■^ATE a^tiU, 1969'

,.1:r../. ■ ■,', V... • ■‘■-
^ 907/727 and ,73> MVXSIONS r JKKUDWQ,- -

6IOUP INOSX KIKamSM, AW) C0^^5eOL 8YSTIM8

MODEL 75?

-. '-'t:■StHUECT Eyaluation-nf Boat Tlmnsfer boefficiants ,

' . " A... (qAOCl)'’ Dated SaftSBbor 23, 1968. '

VI

^BUmVSY

(B) X«>oniinalion‘Sbeet 6-8^25-69-15, ''Final Reculta of Hydraulic-Synteoi 
'ITomparature end, rio»r Distribution Gmuid Test os .N’72^01. tQADOl)" 
'Dited March U, 1969.

• ' Tile Mt:'d»»tiiC3tl Systems Staff research group iti developing a coojputer projrram to Rinulate^tlv 
^'?72? *'B" It^draulic nyaten fluid tenpw^int* distribution. The overall heat transfer -

'iooel'ficlents for tha-various portions of the gyate.s as well nr. the hert distribution ^ 
inforratton for the punp to be used in the program are.given la this coord5n..txcn s.n«et.
The pamoeters given were evaluted by analysis of the data preoentad in referooce ih). .
A brief description of the arialyticel aathod used le alao incl'adud. .

A htuJf baa been underlakan to evaluate possibl-^ uses of BflTA IT heat liansfer ccepu'-or 
-.'ogron tP. thr -i^nrmal ;.naly,.i,j of the 72? •'»" iiyn-avtlic nystea. previous attempt , to 
i«:c‘r^STA II with-thaoreticeUy derived heat trensfftr coeffici'nto have been unsti-.c insftil.

' Aa a refcult, flight test <hjto, reported by reference (b) Wi-re anftlyf.ed to detorniae Lha 
actual efjootive overall he'.t tranofer coefficients for the various coijponents, tub«p 
aiifi legions* Sv progr^mminK these valnss r«th«r than vaiueu dexiteA ihtcreticnllyt ,we •

■ hope a coBputor'pro««» be dev«£U)ped which will simulate «»c temperature distribution 
of tho ,/J? *’H*' hydraulic syotao in reapoase to various flc* and ombient te-apemtnro 
conditions. . '

•pTSOUioTON ■ ■ ■ . . ■
r.»e tysteo was nnalyaatfot two pomp outflow rates, jteap dut-out (sero outflow), and 
»it:.rilized eyaten le,dcaga'flew (no surfoco BioVfnca.t>.‘ At pueip ettb^ut, heat trans.er » '••

- eeeifioisntr. verp derived for thh "H" system heat exchanger, tha •»B' eyateB rece.^x^ •' > 
the lines f«n'the pump to the hent erchaa#**, and-the p*!-!!? cavity. - At toe ptebi.Ued 

' ^ now conaition*, best trsnaftor coefficients were derived for tho.hjrdtcw^P liheu from
• s .the "3" symtea prepeure modulem to the Various actuntors. ^ --r v

= '<■ IThe cffective'AfVerali heat triaafer coeffi«iente were derived uoiag^lko^following '
'• ■ • ■■ -- ^ ‘ ■ ■ -A ■ ' '■ . ..

• • ••., .e. .. w ,

'--y

,1
> !

V-,-'V' *



!

■ ^ • -.'f^^■;$(; ■
::>.;■ i? -vv«,., '■:.' . ;, ■*«. j. • ,.\„ :;A;.-.

“ ■V .:''. /^'. " /’^T :: :U./-:rt^^
, -^ . .••■'. Vh*r» * ■ •,. ■ '• ' ■•'■ T

>•

,y-^v'‘

! ^
-I

. /,_^ ii*.'

1..
■ijk- ■:. M-1

•*,• \ w»' *_ ; -t. ■ ^ r ^ :
Q ta tb« hf^at flow t^te
U is t'.w ovtT&ll heat tronafar cotfficiftat -,v ■ .,

• ' . \ /? is the •ffectlTe area «f the ftonjtMWBt h(dfi* imalyaed \ e. y,'
, ■... - ilfferefioe betvaen buiy. oil taaperatere and ,

‘•■' * and overall ambirat tosparatura.
Vv\ J.o t!;e masj flo* rate

CjA is tha opaciflc heat of the oil
‘■•' . is the difference between tha oil teapafatura lii.iirS-out , fr

. . ’ .of the co«poiu.nt being /-.nnlyaod. - ‘ .J- ■ *
- ■ ■' ■ ., *' -•*■• ■ ' ‘ . / * 

Cciabining the aquations and solving fpr XJ i we get ■ » ■• • '* ■’^ f

u« rnCj»
>9^ ,

k »tnwr»ry of the effective aver.ill h.at transfer ccefficlants darivad aa vail as 
th'. ei'f. -;t,..va areas are prea»ntad as figtiTa !•

The i-cniiejjne a>r*^i;t to be aiwilated ie tha ”B" 'synten jpwBp. ' The genoml haat 
I Jnnce e;;pi eonion for the puap is ■ * .

•> (Heat In) - (tfolic Out)
• -■»

■ is (Hisat Out)
->

The h.fet ir.tul ronaists of tha alsctric.-J. power inpit and the supply flow fraa ’‘•h 
the I ocervoir. The work output can be expressed as a function of pressure .11111 
nutuut flow. The heat output was considered to norisist of tlj; outflo-. and tha 
cane tiraia flow. The convective heat transfer was essuasd to be negligibla. 
Fi.^re 2 gives curves for case dmin flow, electric power inputs and case drain . 
he.ut flow as a fur.otlon of purcp output flow. UnAt: the dstu fro« figure 2, the 
hc.it b.-!lance expreusion for the punp can be evaluated. ■ •

Ki.ij’^ro 3 is a ”3*' hy-^rauli'c '•ystcm scher.atic dlrgr^^m giving the various Una lengthv 
and sizes. .

« . > ■ I.'.
(XlNCJ-liTrOW • • . . C
The oata presented in lipirbs 1, 2 and 3 should be used to'develop a corsputar 
p.opr:.n fbr the theraal ar.olyais of the 727 "B*’ hydrr.ulic iy^tta. Tewpor.ituraB 
predured by the resulting progriw fihould coapwire i.ivorabljr with the ,twr.iperaturea 
given by reference (a) nn.i raferchca (b). A favorable oowparidop to coraldcrad 
to be ngreeaent within 5 to 10 degrees fahrenheit of tha data*
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Definition« of symbols used in the set of equations in Section IV-5» 

wn* re 

O. 

b. 

s 

C„ 

K*. 

^ « 

A« 

AT cd 

OCv 

Ac 

K«,, 

V. f*«»* 

= c,, H„ /(U.A. ♦ C,Y„) 

2 Da A« /( A* ♦ Or ^ 

= Specific Heat of the fluid in BTU/LBM- F 
I 

= Flow rate in lb/min through node #50 

= Reservoir coefficient of heat transfer 
I 

2 Surface area of reservoir ir. ft 

_ g- where TT - 5» j.^1597 

D = Outside diameter (ft) of tube i 
I 

t t 
Xv - Heat transfer coeff. of tube i 

Lv - Length of tube i (ft) 

= V^,. + ? ¿y = etc* 

These are junction equetions.^ fc.ii. * 

2 C(5.MT)/CfMt0 where C = fraction of heat imput into the case 
drain 

i^MT = Heat energy ,input into the purrp by motor 

M6 2 flew rate (ib/min) into esse drain 

I - A^'- 

-. T^C^s) where Tamb, ^ Ambient Ttmp. surrounding component i| 

- Heat Transfer Coefficient for the Pump Cavity 
; 

r Pressure Energy = (N)(AP)(M ) . 

where N = coefficient - 0,0.^/5 

AP* Differentinl pressure = Ufl5C to ¿950) psi 

• • Pump Delivery in gpm. 

= Heat imput into Pump« 1 t 2 by Votors 11?. 

2 (0.00293)(^ P)/Cp 
where AP - Pressure Drop (psi) acrone valve 
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CALCULATTOM OF TOE HEAT 7RAHCFER OOSPTTCIET/ CF TOS WM] CAVEI' 

'coordine to equation 12 in this dofuront, tne heat bnlance for the 

puitp cavity can be represented gs 

Q« * Tm-» C-í’h.jt V -V Q ? 

vhere all trie terms have been defined in the document. 

Fror Test Data, 

o-, 

T- 

C-p 

r^t- 

n.. 

X*. 

~ü->» 

Qr 

•. k* 

ä5(c. . o«,, m Z74 

151°F 

0.«* 

(6.22)(0.Í*1;) Xb/rin 

) Ib/rrin 

(2.37)(H.US) Ib/rin 

iTf'y 

lób? 

l4l’F 

58bf 

o oz+ns* ¿neo * s n, 

= -[loSo ^ ('s.*fe.2?-n7ïSSS_lfeUu2^04^ 

= CfeSO - <oE7') -r «i 

ï Q‘Z.11 B-.o/»a.«/V 

« 'oSO 

V4S - Oil/04.» 
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