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OBJECT

An expedient mock up of the Hot Gas Flow System air
circuit design per CCC Drawing TE 1900 was built and
tested to determine the characteristics and configura-
tion necessary to meet the design objective of 50

- feet per|second air flow velocity in the central test
section,

The action of the novel impeller and the pressure loss
in the 180° annular turning section were of particular
interest, - , ;
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SUMMARY - -

L)

Air velocities in the test section and differential
pressures in various areas were measured with the
impeller rotating at the maximum design speed of 3000
RPM. Velocity measurements were also obtained at
several impeller speeds. '

The air velocity profile across the 4.5 inch diameter
test section obtained with two pitot tubes spaced 90°
apart shows that, while the velocity at the center was
greater than 50 FPS, the profile is not as flat as
desired. The reduced velocities on either side of the
center are due to the vena contracta effect produced by. °
the sharp edged entrance from the 180° turning section.

The mock-up is to be modified to incorporate curved
turning vanes of different radii in the turning section,
Also an inducer at the impeller entrance, a diffuser
at the impeller exit- and an entrance section into the
test section will be tried. It is anticipated that one
or a combination of these modifications will produce a
more satisfactory velocity profile and improve the
efficiency of the air flow circutit.




- RESULTS

The maximum air velocities measured were 66.0 and 58.5
feet per second with the large and small pitot tubes
respectively in the center of the flow test area. These -

velocities were obtained under stable temperature
conditions of 116°F with an impeller speed of 3012 RPM.

- The average velocity within the measured zone (3.18 in.

dia.) of the test section was 45 and 42 feet per second.
Rotation of the small pitot tube indicated there was a
small rotary component of the flow. The shape of the-
velocity profiles shows that a stabilized turbulent
velocity profile expected for an average Reynolds number
of 78,600 has not had time to develop. This effect is
due to the vena contracta formed by the sharp edge
entrance from the 180° turning section and the short |,
length of the central flow test cylinder.

Figure No.9 shows the -expected horsepower versus tempera-
ture relationship based on the present test data.
Improvements in the impeller entrance and exit -section

as well as the 180 degree end turn will reduce the

losses and thereby reduce the horsepower requirements.
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DESCRIPTION OF TEST

The flow test mock-up was constructed of sheet metal
inner and outer cylinders and a cast aluminum impeller,
The cross tubes, 180° turning section and heaters were
made of wood., The impeller was belt driven by a 1/4
horsepower mechanical variable speed drive. The
impeller speed was measured by a two pole tachometer
mounted on the driven shaft and connected to a 10 second
gate electronic counter.

Two pitot tubes were mounted in the inner test section
cylinder 90° apart to measure the air velocity. Refer

to figures 4, 5 and 6. The pitot tubes were capable of .’
rotary and axial movement. Ten static pressure measure-
ment taps were provided. Two of these points were ]
centrally located 180° apart in the test flow section

and together with the static connection to the pitot
tubes permitted static pressure measurements at four
positions 90° apart. ' Four static connections were
provided approximately 2 inches below the impeller and

2 inches above the 180° turning section. These eight
taps were placed in line with the cross cylinders and

90° to the cylinders, Gage and differential pressure :
measurements were made with inclined manometers calibrated
in inches of water. The air temperature was measured

by inserting a dial type bi-metallic thermometer through
one of the static taps into the annular flow area at

the turning section end. '

The impeller was first operated at the maximum speed to
stabilize the air temperature at 116°F. It was not
possible to attain 3000 RPM until the air had warmed up
from room temperature (approximately 72°F) because of

the power limitation. When stable operating conditions
were obtained air velocity measurements were made at the
center and five equal area points in the insertion direc-
tion and two or three points in the withdrawal direction
with each pitot tube, The traverse in the withdrawal (=)
direction was limited because of the bend radius of the

'“pitot”tupes,< Velocity measurements were also made when

P
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the small pitot tube was rotated through angles up to
20° to sjnse swirl or rotation of the velocity vector.

Differential pressures were measured between the static
and total pressures of both pitot tubes as well as’
between. the various static pressure taps.



- THEORY
Formulas:
da = P_
RT
. Va = 2gdw x \ hva
1, 12 da v
. Q@ = AVa -
é Wa = A Vg da
! .
PR = _P_2-P1 +v22_v12
da 2g
T - Qg _
g...a (V¢y 1 = V2 2)
Vg = AND
Air HP = Wa H _ .QHtdw
| 550 6600
Q ~ D3N *
P ~D2N2 .
HP ~D5N3
HP~P
HP ﬂ)da ’-
.. . ,e =100 (Air Horsepower)
;o ;7 ‘Brake Horsepower
-8~

aa,

e



T e

dg -
d' -
Va | -
g -
'hVa -
Q -
A -
W; -
H -
D1 -
P2 -
YV1 | -
V2 -
. -
vVt -
r -
L N "'_._.

Air density - 1b. per cu. ft,

' Water density = 62.4 1lb. per cu. ft,

Pressure -'lb. per s8q. ft.

Gas Constant = 53.3 ft. - 1lb.. per 1b. °R
Absolute Teﬁperéfure - °R = 460 + °F

Average Air Velocity - ft, per sec.,
Acceleration of Gravity = 32.17 ft. per sec.2
Average Pressure induct-in. of water .
Flow Volume - cu. ft. per sec.

Area --Sq. Ft.

Weight %iow‘of Aif - 1b. per sec.'

Total Head - ft. of air.

Pressure at inlet - lbh, per sq. ft,.
Pressure at oﬁtlet - 1b. per sq. ft.
Velocity at iﬁiet - ft. per sec.
Velocity at outlet - ft. per sec.
Torque - ft, - 1b,

Tangential component of absolute velocity - ft.
per sec. ° ]

radius arm - ft,.

Impeller speed - RPM



D = Impeller diameter - ft.
Vo = Radial Velocity - ft. per sec.

w - Angular Velocity - radions per sec.

HP = Horsepower - 550 ft - lb. per sec.
8 = Mechanical Efficienéy - % |

’
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FIGURE 1
Flow Test Mock-Up.
Pressure and Velocity Gages in Center.
RPM Counter on Right.

FIGURE 2
s ck-IIp with ITmpeller Removed.
Both Pitot Tubes in Place.




FIGURE 3
Cast Aluminum Impeller Stroboscope,
Variable Speed Drive and Tachometer.
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CALCULATIONS
P = 29,40 in. Hg. = 14.44 psia

. T = 116°F = 576°R

d‘ -
hva -

hi, =

Va =
Q -
Wa =

Head
area

Avg. AP = 0.88 + 1.06"+ 1.00 + 0.95 = .96 in.H20 (From Data)

V2 =
Vi =

4
Velocity at #7, #8, #9 and 10# = V2 = V2Al
A2
41(15. 9) = 20 fps . .
41 fps ; : ‘ . .

" Hy =

M l |
Va = 2gdw<hva> . 2(32.17)(62.3) (o.ass)
12d, T12(0.067) .

Loss from 2 in. above 180° turn to test section

P « 14.4(144) o 0.067 1b/f£t.3

RT 53.3(576)

0.66 + 0.47 + 0.3 +0.205 + 0.17 + 0.39 + 0.24 + 0,182
' 8

0.336 in. HoO (From Data-Small Pitot)

70.7 (0.58) = 41.0 £ ps (Test Section)

AVa = 15.904(41) = 4.53 ft.3/sec.
i

AVada = 4.53 (0.067) = 0.304 1lb./sec.

(b of T/c)

P2 - P1 + V22 - V12
~ Wa - 28




Hl = 0.96(144) + (41)2- (20)2 = _74.5 + 20
27.7(0.067)  2(32.17)

H, = -54.5 ft. Air.

Impeller Head = H2

Avg.| P = 1.24 +1;29 + 0.90 +0.76 . 1 025 in, Ry0

Velocity at #11,#12,#13 and #14 = V3 = VaAl
\ ’ A3
:V3 = 41(15.9) = 15.4 fps

42,4 |

1.025(144) , (15.4)2 - (41)2 7
i 905 - 22.2
527.7(0.067iu 2(32.17)

Hg =

Hz = +57.3 ft. Air..

Air hp = WaH = 0,.304(57.3) = 0.0317
: 550 000

Vi, = T(ND = 3000 8.625 = 113 fps .
. —e0 Iz

Vt2 = 3000 (4.5) = 58.8 fps
60 (12) T

ry = 8.625 = 4,313 in.

E

r2 - 4-5 - 2.25 inu
Z

T= 9,304 113(4.313) - 58.8(2.25)

’
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= 3.38 in.

HP = 12 N

- 1b

(3000)(3.38) = 0.161

0.0317(100) = 19.7%

0.161

Reynolds Number = Np = DV

Np =

L

Hors
vari

4.5(41)

dg = P

RT
0.161

-

14.7

14744

414.7
14.7

= 78,600 (Turbulent Flow)

epower Variation with pressure and temperature
ations. '

46.7 + 273)_
20 + 273

X%ﬂﬁ)‘

0.179 @ 14.7 psia and 20°C

- 0.029 @ 14.7 psia and 1500°C

0.029 @ 14.7 psia and 1500°C

HP3 = 0.179 <f14 7) 5.05 @ 400 psig and 20°C

HP4 = 0.179(414.7
14.7

HP5 = 0.179

/814.7

1793,

EE—

293 )- 0.825 @ 400 psig and 1500°C
> = 9.9 @ 800 psig and 20°C

" HpPg. = o 179 <814 -7 %?rgti - 1.62 @ 800 psig and 1500°C




DATA SheeT | ot
. FLOW TEST - MocKkK-VP
AP u i
| in.}\t?’g |
Dq‘\‘e- c=l-t6! v U
| Tivae ___[13i00FM W
. Payo.lPress. 2940\ H,0 '3
Pelative Huw\\&\T/ 23 | e Lo
Tewe, 116 | °F o>
L v seuc_r Spoo«-\ 3012 | RPM ~
Ay Ve \oc.d‘{ -Smgll P/tot '
Cenfeyr?] o2 0.635 56.4)
+0.71 4w, 10,660/ 57, 5
+1.231n. 0.470/48.6
+1.59 \w. 0.300.39.0
+1.88 1w, 0.205131.9
t2.14 . 0.170|29.2 '
| —0.70 1w, 0.390/44.3
D . =1.23 w. 10.240/39.6
=1.59 vy 0.18230. |
J‘ °(c W) 0.5855%.2
so(cc W) 066057,
10° (clw) 54052.0
10° (CCW) lo.680/58.5
15° (Cw) 10.49049.5
- 15°° (cew) " loessisne
Alvw \)Qlocrt/ Laﬂe,P.‘\a
Ce\z\‘\cv-' ﬂl 1082, 10,870/ 66.0
+ 0.7)ins 0.460\5 7,
+ .23 v 6.38043.57
+1.59 . 10.250/35.4
+ 1. 88 v, 0.190/31.0
t+2.1% 1n. 0.160/28.4
- 0,71 w, 10.61055.2.
- 1. 23w, 0.37642.9
| Differcvlial. Pressures
# to o %(ﬂ'h“l) 0.00 |
22 to ”‘FQ'::LDI | =lges
1 & to **(o(s-}a‘m. + 0,02
BT +0Y95 ‘ +10.88
g +o¥5 +{/,06
- 9 10”5 + |l.oo]-

Ae 1197 AMimacsiecs mARS & W a AM ¢ _tan




- DATA " ~ SheetT 2ot

" FLoW TEST -MoeK-DP.
R M.
~, Dif€evrential Pressuvres H.Oo
P 2)0 To ®5 (stahic) | +]0.95
#)) to#§ M +/, 24
__H)2 toBL N +]).20
& )13 +ofs +10.90
Riq4- 4o #5 +10.76
27 +0#)) " +i0. 14
B8 toH)a, +10.15
H g +0#3 +los] -
% )0to ) +10.23]
211 +0o*%/3 +l0.36
| & q +o2)O + |0.0]
E Pressuve. | | :é
i, H,0 Gage :
Rl -10.67
| C + 7 D + 10,20
| ‘ % 8 + 0.37
| k) + 10,33
#®O +10.26
] | + 0.83
22 + 098
| B3 =+ o7
- 2 )4 + 10,08
§ Iwpeller Speed _| Small Pitot|Largs Pitef
‘ ' R PrM | . \n.)'_leL_FPS_ in.HO FPS
| 3186 0.585/54.0|0.94 68.5]
3000 . 0.548/43,0[0.80| 6 5.6
283c 0.500/50,010.78(6 2,8
2616 0.42045,5,0.6%|56 .S
A48 0,345 1, 6|0.55]52. 5]
- AO§F2 6.180137.510.9.0/4¢.8
- | BoO . 0.220|33.310.392|39.0
—- 16 2.6 l 0.1710,29.2|0.2535.F
1305 ‘l0.428]25.0l0.,161R8.2
q%e 0.055)(.710.08)2 0.0
620 0.00/].710.0¢%. 2

It ettt bl 6.0.. 0. 1.9 00




