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ABSTRACT

The proto type scrubber and augmentation system desi gn-
ed for and oper ated in Black Point Test Cell Number 1
N.\RF-Jacksonville has abated emi ssions to the projected
des ign level . The eng ines operated w i th the system were
the J-79 , TF-30 , and J-52 . Particula te emissions were
reduced to the 0.002-0 .005 gr / SCF l e v e l .  The v i s i b l e
emissions fell well wi thin the Ring leman 1/2 lev e l af ter
dissi pation of the steam plume . No f a l l o u t was ev iden t
du r i n g  opera t ion of the sys tem . I t was further establish-
ed that  eng ine te st p e r f o r m a n ce was no t a f f e c ted b y the
T E S I  s y s t e m .

The s c r u b b e r  sy s t e m  was m o u n t e d  on t he  e x h a u s t  s t a c k
of t he  cell thus obviating the necessity fo r  cos t l y duc t-
ing and the  requirement for ground util~~:a t ion .

The s i z e  r e q u i r e m e n t of the s c r u b b e r  wa s reduced si gni-
fican tl y wi th the use of a new augmenter design that decreas-
ed the induced air to jet exhaust flow ratio from values
in the range  of 2: 1 to 0 .4-0 . 6 :1 . Thi s  new augmen ter can
reduce the augmen tation even further , thus p r o v i d i n g  the
po tential of retrofit of existing cells to accommodate eng-
ines larger than now being tested. Sound levels were reduced
by the installation of the scrubber from 6-10 decibels (dBA) ,
where the ori g inal sound level was of the order of 90-95
dBA .

In ord er to prevent the mere transfer of p o l l ut ion  f rom
a i r b o r n e  to wa te r h o r n e , a loop sys tem s h o u l d  be c o n s i d e r e d
for all ins tallations . The TEST scrubber recovers 74-96% of
the energy of comb ustion in the engine ari d recovers up to 95%
of the submicron particulates (up to 1/2 ton/da). Thus clean-
up and cooling of the water with total recycle is necessary
for all ins tallations .
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PART I
Chapter 1

OVERVIEW: Overall Task

1.1 The task for this project was established by NAVFAC ,
Southern Div ision , as follows :

A . General Requiremen ts

The Eng ineering Service Con tractor shall perform
the follow ing services:

1. Determine by fi e ld test with test cell 774 oper-
at ing in i t s presen t confi gura tion; (a) types of
pollu tant s emi tted , (b) flow ra tes at appropri-
ate points in the cell , (c) opera t ing pressures
and te “~~~r t tures at appropriate points in the
cell ooi se levels , (e) Ringleman test of ef-
flu . (f) other operat ing data that m a y  be
N desi gn a nucl eat ion type scrubber

. 0  to determine by post inst allation test ,
it . ~LCtjVe fleS5 .

2. 1)esi gn a nucleation type scrubber system and an
augmen tation system for the test cell which will
aba te pollution t o  a degree commensurate with loc-
al a n d  Federal regula t io es and which w ill conform
to other loc a l and Federal regula tions (such as
t h e r m a l  and p a r t i c u l a te  p o l l u t i o n  of  w a t e r ) .  De-
s i g n  should pro vidc for use of any materials avail-
a b l e  at  NARF , Jac ksonvill e .

3. Erection of the desi gn system , includ ing necessary
alterations.

4 . \ccomp lis h post ins t alla t i on tes t s necess ary to
de termine the effectiveness of the scrubber and
to establish the validit y of the augmentation for-
mula deriv ed under contract N02467-70-C-0078.

5. Based upon tests in item 1 above , de termine and
accomp lish modifi cations and/or adjustments requir-
ed to optimize the operation of the abatement ss-
t em

6. Retest as n e c e s s a ry  to determine effectiveness of
the final system .
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PART I
Chapter 1

1.1 A. General Requirements (Continued)

7 .  P r epa re  a r epo r t  e v a l u a t i n g  p e r f o r m a n c e  of the
aba tement and augmentation systems and recom-
mending criteria and desi gn parame ters to be
used in modif ying othe r existing test cells and
cons tructing new cells for the abatement of p01-
lu tant emission.

NOTES: All tests other than air pollution tests
will be provided by NARF , Jacksonville personnel.
Testi ng done under this contract shall be accom-
p lished by subcontrac t with an approved firm
with demonstra ted capabi lities for the testing
involved. The final test in item 6 above shall
he scheduled so as to permit observation by vari-
ous Governmen t representatives to be determined.
Pollu tion tests will he accomplishe d as follows :

Test Before Test Prior
.~th v  ‘To F i n a l

Modifica tion Optimization Test

J - 7 9 - 8  x .x x

CBC Eng ine
TP~ ohab 1 v,]- 52 P8) x x

This repor t fulfills Task 7.

1.2 ‘l EST w ishes to acknowled ge the a id and cooperation of
members of N .\VAIR , NAVFAC and NARF-J A X in bringing this
sy stem to its state of operation. As a result of this
aid , the  task requirements have been exceeded in the
following areas:

1. 3 eng ines were tested rather than 2 (by mu tual agree-
ment).

2 .  Gas a n a ly s e s  w e r e  made  to  i n c l u d e  l o a d i n g s  and  p a r t i -
d c  size as well as Ring leman .

3. Gas flow s throug h the tes t cell were reduced up to
1/ 2  of t h e  c o n v e n t i o n a l  f l o w .
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PART I
Chap ter 5

O V E R V I E W :  Summary

2.1 Evaluation of t h e  p e r f o r m a n c e  of the  t e s t  s y s t e m  f o r  p o l l u -
t i o n  aba temen t of opera t ing effluen ts from a je t engine
te ’~t c e l l  was  co n d u c t e d  at \ A R F , J a c k s o n v i l l e , B l a c k  P o i n t
C e l l  N o .  1 , d u r i n g  the  p e r i o d  f r o m  D e c e m b e r  1970 t h r o u g h
May 1971 . C h a r a c t e r i s t i c s  of p e r f o r m a n c e  were ob t ained
wi t h the follo w ing eng ines :

J - 5 2
3-79

TF- 31 )

unde r oper at ing cond it ions of idle t h r o u g h a f t e r b u r n e r
t h r o t t l e  s e t t i n g  c o n d i t i o n s  w h e r e  app l i c a b l e .

2.2 The res ults of the tests are as follows :

2.2.1 \hatement of p a rticulate emissions was achieved for
all eng ines at all conditions of test to well within
all exis tin g codes and regula t ions . The system per-
formed i n a c c o r d a n c e  w it h des i gn p r o j e c t i o n s  f o r  par-
t i c u l a t e  e m i s s i o n s .

E x i s t i n g  codes c a ll for R i ng leman 1/2 as emission
eq uivalent opacity after evaporation of steam . Execu-
tive Order 11282 imp lies a requiremen t of 0.GO S
g r a i n s/ c u .  f t .  D e s i gn p r o j e c t i o n  w as  0 . 0 0 - 1  g r a i n s !  c u .
f t .

The effl uents from the system we re :

3 - 5 2  ,\ v e r a g e  0 . 0 0 2 6  gr a ins/cu. ft.
TF- 30 .\ v e r a gc  0 . 0 0 1 7  g r a i n s/ c u . f t .
3-79 A v e r a g e  0.0041 gr ains/cu . ft .

The Ring leman equiv alent a f t er  dissi pa tion of the L
steam was below Ring lem an 1/2.
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PART I
Chap ter 2

2 . 2 .2 Reduction in total gas flow in  the test c ell in the
o r d e r  to  38-  47~ was a c h i e v e d  v i a  u s e  of t h e  p r o p r i e -
t a r y  a u g m e n t e r .  The r e d u c t i o n s  in  a u g m e n t a t  ion  f l ow s
w e r e  as f o l l o w s :

T A B L E  2 . 1

E F F E C T  OF N L I \  AI J C ’l I N T ER ON S E C O N D A R Y  . \ I R  FLOW

.- \ u g in e n t a t i o n  R a t i o  P e r c e n t  R e d u c t i o n
i n  \ u g m e n t a t i o n

N E W  AUG A i r  w I  th  Ne w :\ug

36 ’’D 30’’l ) 3a ’’D 30’’l )
m i t  i:i l l’hroat ‘I ’hro at  t h r o a t  T h r o a t

J-79 M u  2 . 1 1 1 .06 2 50

J - 7 9  A/B 1 . 9 1 
~~~~~~~~~~~~~ 67

T F - 3 0  M i  1 1 . 2 2 1 0 . 6 . 2  0 . 3 8  49 09

T F - 3 0  M u ~2. L 2  0 . a 2  0 .38  71 82

1 - F o r c i n g  cone  p l aced  on o l d
a u g m e n t e r .  The f o r c i n g
cone r e d u c e d  a u g m e n t  a t  i on
50 ~ b e l o w  c o n v e n t  i an a l  o p —
e r a t  i on

2 - A l l  p o s i t i o n s  e x c e p t  16” (See Table 7-3)

3 - . \ 1 l  at p o s i t i o n  + ‘‘
( R e a d i n g  1 . f lh  — l00~ v a n  —

a t i o n  f r o m  o t h e r  f o u r  d e l e t -
ed)  .
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Ch ap ter 2

2 . 2 . 2 . ( C o n t i n u e d )

Ov era ll flow r e d u c t i o n  tin ough t he tes t cell
was

Red u ction in Total Flow - ()~~
Larce Cone S m a l l  Cone

M i t 34

TF- 30 1 M i l 3$

TF- 3D~ M i 1 19 56

1 - Coup a r i s on i s w I t h Co cc i n g
con e on old au~ n ienter.

- Loupa r i son w i t Ii f o r e  i ng
cone that hod been norma I lv
used in the in s t a  I lotion.

Flie ob j ectiv e of f l o w  redact ion was the d e c r e a s e  of
s i  :e and cos t  of t u e  a b a t e m e n t  sy s t e m s . The imp 1 1 -
cat ions are that larger engines can now be t e s te d
in  cx is t i ng cc i 1 s i f  app r o p r  i ate changes to the
t h r u s t  sy s t e m s  a r e  made .

2.2. 3 Soun d l evels were reduced t ram 6 -  10 dec i b e  Is  (dBA)
after insta l l a tion of  the scrubber indic atin g poten—
t i a l  f o r  r e d u c t i o n  01 i n s t a l l a t i o n  of hi gh main ten-
anc e soun d  at  t e n m i t i o n  e q u i p m e n t  i n t e s t  c e l l s  where
the s c r u b b e r  is installed . ,\1 1 data with the scrub-
ber in operation were taken in the northwest quad
r a n t  a n d  t h i N  included intake noise. ‘Fhc reduct ion
in sound level , there f - re , is considere d conserv:i-
ti v e .

2 .2.4 ‘I’he test system has been in cont inuo lis operation
si nce .\pril 1 971 in s t a b l e  reg ime and p r o v i d i n g  o f -
fec  t ive reduc ti on i n  test c c l  1 gas  flow , aba t emen t-

~~~~~~~~~ .-—~
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. . . . 4 ( C o n t i n u e d )

of p a r t i c u l a t e  e m i s s i o n s , and sound  l e v e l  r e d u c t i o n .

2 . 2 . 5  E f f l u e n t  w a t e r  t e m p e r a t u r e s  exceeded thos e projec ted
on t h e  b a s i s  o f  e s t  im a t e d  heat trans f e r  c o e f f i c i e n t s
in  t h e  s c r u b b e r .  W h e r e a s  peak e f f l u e n t  w a t e r  t emper -
a t u r e s  of  14 3 ° F had been  a n t i c i p a t e d , t h e  w a t e r  ef-
f l u e n t  t e m p e r a t u r e  during 3- ‘9 A / B  o p e r a t i o n  w a s  165° F
to 168° F .  D u r i n g  m i l i t a r y  o p e r a t i o n  f o r  t h e  J - 7 9  ( t h e
h o t t e s t  eng i n e  t e s t e d ) ,  t h e  t e m p e r a t u r e  r i s e  a t  t h e
s u r f a c e  o f  t he  r i v e r  w a s  of  t h e  o r d e r  of 25 ° F , a n d  6 ° F
at 1 f o o t  b e l o w  t h e  s u r f a c e  a t  a d i  s t a n c e  of 40 f e e t
f r o m  the  d i s c h a r g e .  \ m a t h e m a t i c a l  m o d e l  b a s e d  on
aver ag e of 33 1, of t h e  t i m e  i n  m i l i t a r y  thr ott le and S~
i n  a f t e r b u r n e r  w ith an ave r:i ge s c r u b b e r  w a t e r  t e m p e r a  -

ture rise over the S-hour operatin g period of 13.8° F ,
showed a 1°F averaL~e rise in river i.ater at a distance
of  100 f t  from the discharge point . Fhe actual temp-
e r a t u r e  r i s e  in the scrubber water for this t\~pe of
cycle is 2a.3 °F. Thu s , an average rise of 8°F would be
pro l e c te d .

2 . 2 . 0  A l t h o u g h SO~ exhaus t could be anti ci p at ed from the spec-
ifications of j~~-s fuel , the su lfur maxim um in the fuel
is rarely cvi dent and SO~ l e v e l s  we re a lwa v s be low 10
PPM in  the e x h a u s t .

2 . 2 . 7 The s o l i d s  r e c o v e r e d  i n  t h e  s c r u b b e r  a r e  n o t  cons  i s  -
ten t i n behav io ral char ac t eri st i cs . I n  some cases ,
settlin g rates indicated a 3- 25 m icron agg lomerate as the
major constituent. In other cases , a s t a b l e  e m u l s i o n
was  e v i d e n t .  S ep a r a t i o n  a n d  r e c y c l e  s t u d i e s  a re  i n d i c a -
t eLI .

L_ . 
~~~~~~~~~~
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PART I
Chap ter 3

O V E R V I E W :  R e c o n u n e n d at  i o n s

R e g a r d i n g  t h e  p r e s e n t  installation , it is recommend-
ed that:

3.1 A prot etype c o o l i n g  t o w e r  he i n s t a l l e d  t o  p r o v i d e  fo r  re-
e l  i ’cul  a t  ion of t h o  water throug h the sy s t e m  and  p r e c l u d e
e m i s s i o n  o f  p a r t i c u l a t e  or t h e r m a l  p o l l u t i o n  in t o  the
river.

3 . 2  A sol  ids and  o i l  s e p a r a t i o n  s y s t e m  he i n s t a l l e d  in  the
c i r c a i t  to  p r o v i d e  a s l u d ge t h a t c a n  he added  to  t he  fue l
in the boiler plant.

Regard in g f u t u r e  installations , it is recommended
that

3 . 3  C o n s i d e r a t i o n  be g i v e n  to  augmen ter de s ign in order to
maintain a m i n i m u m  400-500°F temperat ure in the m i x e d
j e t  a u g m e n t a t i o n  a i r  f l o w  p r i o r  to  q u e n c h .  A v a r i ab l e
t h r o a t  T E S t  a u g m e n t e r  c a n  be u sed  in o r d e r  to  p r o p e r l y
minim i:e flow for e~~~ines of d ifferent exhaust nozzle
d i a m e t e r .

3.4 The slope of t he packed scruhber he increased to preven t
b r e a k t h r o u g h  of  w a t e r  f r om  the  s i d e s .

3.5 Thoro ugh c o n s  iderat ion of a n g le  of  g a s e o u s  cmi  ss i on
f r o m  t h e  s c r u b b e r  w i t h  r e g a r d  to  e f f e c t  on sound l e v e l s
he m ade.

~~~~~~~~~~~~~~~ - ~~~~t _ -~ 1 --  
~~~~~ ~~~~~~~~~ — .- —
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PART I
Chap t er 4

OVERVIEW: Desi gn Parame ters, Criteria, and Costs

The size and opera tion of the scrubber were evaluated
based on the performance of the prototype. As a result
of this s t u d y ,  t he  f o l l o w i n g  p a r a m e t e r s  w e r e  e s t a b l i s h -
e d :

4.1 h e ight of packed sec t ion can  he i n c r e a s e d  to 2 0  f e e t
w ithout adverse effects on performance.

4.2 The size of the scrubber can be reduced from l0’~ to 20°c
b a s e d  on the Ja c ksonville unit. Thus t h e  f a c e  d i m e n -
s i o n  of  t h e  s c r u b b e r  c o u l d  h a v e  been r e d u c e d  f r o m  960
f t 2 to  $ 1 0  f t - , t hus reducin g t he leng t h of the s c r u b b e r
F roi :i 30 f e e t  t o  2 6 I c ’~t

4 .3 The scrubber can  accept out let flows in the range of
100 - 430 f t / m m  a n d  i n l e t  f l o w s  of l00-aOO f t 1/ m i n .

1 . 1 S t a b  i I ~~ y was ma i n t a i n e3  at an i r r  i gal ion rate of 5- 25
GI ’~J , f t  - of irri gation area. Fr~’~e spray flux was e f f e c -
ti’:e in the order of 1-3 (IPM/ft’-

4 .5 Effective ope rat i o n  i s  a c h i e v e d  w i t h  i r r i g a t i o n  wi t h
water in  t h e  range of 1-3 GPM 

~~~~~~~~ 
100 CF~’1 of outlet g a s ,

as a fu n c t  i o n  of inlet g a s  temperature.

1.6 A dem ister zone’ of 1 ft. of 1 - i n c h  T e l l e r e t t e s  i s  re-
qu i red.

4 . 7 Pressure drop o f 6 i n • w . . shou I d he c o n s i d e r e d  as a
maximum , althoug h in opera t i on s , reliable d ata indicat-
ed that a m aximum of 3-4 in. ic .g . occurred.

~~~~~~
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1.8 The system was desi gned for 1 0 i n .  w .g. stat ic pre ssure
and w as eff ec t ive .

4.9 Top roll t u r n i n g  v a n e s  s h o u l d  be u sed  a t  t h e  t o p  o f  t h e
scrubber.

4 . 1 0  t h e  m a x i m u m  o p e r a t i n g  t e m p e r a t u r e  of  t h e  p a c k i n g  s h o u l d
be F5° F .

4 .  11 The c o o l i n g  t o w e r  l o a d , b a s e d  on p e r f o r i a n c e  d a t a , was
h i g h e r  t h a n  t h a t  p r e d i c t e d  b e c au s e  of  t h e  h i g h hea t
t r an s  f e r  r a t e s .  The  t h e r m a l  ab s~- r p t  i o n  15 0 f u n c t i o n
of t h e  i n l e t  t e up e  r a t u r e  of t h e  q u e n c h e d  g a s .  I t  r e p r e
s e n t e d  8 3 - 9 6 ° of  t he  t h e r m a l  v a l u e  01 t h e  fuel bu rned
when the q u en c h e d  gas temperature was below 140 °F and
71~ of  the  t h e r m a l  v a l u e  o~ t h e  f u e l  b u r n e d  at an i n l e t
temperatur e of 1 2 ° E .

4.1 2 ‘l’he cost of the scrubber installed , ex c lusiv e of p i p-
i ng and pumps that wi 11 vary w i t h  the installation and
eng i n e s  t e s t e d , i s  of t he order of 2 5 c  t o  45~ per  ACF M
i n l e t  t o  t h e  scrub b er . This v a r i a t i o n  i s  f u n c t i o n
of the d i m e n s i o n s  o f  t h e  s t a c k  and t h e  h e i g h t  above  t h e
gr o u n d  level

The c o s t  o f  t h e  coo l  i n g  t o w e r  , cxc los  ly e  of pu ii ips
p i p i n g  , and  s n m p  is es t ima t ed  to  r a n g e  f r o m  0 . 14— 0 . 25 c/

B t u / h r )  f o r  “ a v e r a g e ” d e s i gn c o n d i t i o n s  a n d  0 . 0 5 - 0 . l 0 ~’/
I B t u / h r )  f o r  t h e  r e s p o n s  ive p r o p r i e t a r y  svs tein a t  t h e
maximum load co4d ition. The ground space will range
from 5 to )10 1t~ per 10 6 B t u / h r  at ‘‘ average ” desi gn and
2 t o  I U t —  per 10° Btu/hr at m a x i m u m  conditions.

I.
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PART II
Chapter ~

DESIGN CONSIDERATIONS: TEST SCRUBBER

5.1 Descri pt ion:

The TEST S c r u b b e r  (Fi g .  5 - 1 )  is a cross flow nucleation
system (proprietary ) that provides for collection of
submicron par ti cula tes via the nucle at ion phenomenon (a
com b i ned p rocess of par ticle growth via condensation ,
impr oved particu late collis i on resulting fr om we tt ing
v i a  condensa t ion , and codi ffus i ona l d rag).

The scr ubb er was  d e s i gned as t w o  i d e n t i c a l  r e f l e c t i o n
s e c t i o n s  m o u n t e d  w i t h  i n d e p e n d e n t  s u p p o r t s  p a r a l l e l  to
the 20 f t  s i d e s  of t h e  s t a c k .  ‘the o v e r a l l  s c r u b b e r  di -
mnensions are 30 feet long x 20 f e e t  h i g h  x 2 8 ’ 6 ”  w i d e ,
including gu liw ings and sides . The packed sections have
a face d i m e n s  i o n  of  30 f t  x 17 f t  an d  each  c o n t a i n e d  a
4’6” depth of 2-inch nominal Tellcrettes followed h a
divider supp ort plate and 9 inches of 1-inch nominal Id-
le rett es. The 2-inch pa ckin g was  i r ri gated with 4000
GP M f o r  e a c h  3 0 - f o o t  s e c t i o n .  The w a t e r  f eed  is d i v i d e d
into two componen t s , s p r ay s  at 20 P S I G  washing the  30 f t
x 17 ft face at t he  r i t e  of  1000 GPM per  s e c t i o n  and top
d i s t r t b u t o r s  i r r i g a t i n g  t h e  4 ’ ô ”  d ep t h  of t h e  2 - i n c h
packing at the rate of 3000 11PM per section. The 1-inch
Tel lei c ttes 1 9 -inch depth) are n o t  irri gated and serve
:m s a d e m i s t e r  s e c t i o n .

The g a s  f l o w  qu e n c h e d  t e s t  c e l l  g a s )  is  d i s t r i b u t e d  to
the two packed section faces by turnin g vanes on each
side of the stack. The face spra ys are used for initial
reduction in temperature as w ell as to pr otect the pack-
ing from ,mn ~’ “hot spo t conditions ” re s u l t i n g  from incom-
pl ete q m e n c h i n g  in the augmenter section.

.\f ter Ie ;m v i r i g  the packed demi ster , the gas is directed up-
w ;ird- ~ i t  an ang le of 45° by guI 1 w i n g s  m n ominted on the
sc r u b b e r  s e c t i o n .

‘I’h e li quid effluent is collected in sloped bottom troug hs
con t a i n i ng h af 1 L’s I p r e v e n t  g a s  b y p a s s  • The collected
1 iqu i d is d i s charged b y  g r i vi t v to the river y i a a sea l  —

ed underf low we i r a n l  in overf1o~s w e i  r
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Chap ter 5

5 . 2 1 he c h ar , i c  t er 1 st I c s o I t lw scrubbe r a re as f o l l o w s

No . of scrubber s - 2

Ty p e  of s c r u b b e r  - Packed , cross I lw~,n u c l e a t i o n

F : m c e  1) i m e n s i o n  l o r
Gas 1:10W , E a c h
S c r u b b e r  30’  x

l ) e p t h  o f  Packing — 1’ 6 ’’ — 2’’  Tel  icr—
ettes for cross
flow nucleation

9’ - 1’’ Ie ll ei-e ttes
f o r  dem i st i ng

\o 1 umn e o f Pa c k i n g 4 (~ 00 en . ft • — 2’ ’  Te 1 —

I crc t t e s

~70 c u .f t . - 1” Tel-
1 e r e t  t Cs

Gr a t i ng — Pu 1 ve t  hyl ene 1’’ x I
g r a t i n g  w i t h  2’  s h e l v e s
f o r  s t r e n g t h.

Senarat ion hett~eenR e c o v e r y  and  D e m n i s t
ing Sect ions - Pol y eth y lene grating

i~it h 1” x 1” mesh cover.

l ace Spr ays - 4 each section (4”fl) -

S t otal; 29’ long . 8
n o : :l e s  pe r  d i s t r i b u t o r

lop I )ist r~ b izt or 3 I 6 ’’[) x 3 0 ’ )  e a c h
s c r u b b e r  s e c t i o n  — 1~t o t ~i l .  ):;ich d istributor
20 noz zles (120 t o t a l )

Top Baf fles - 2 each side , 4 t o t a l
x 30 ’  e a c h .

___________ 
_ _  IA

_ _  -
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5.2 (Continued)

B o t t o m  B a f f l e s  - b on 1- f o o t  c e n t e r s
f o l l o w i n g  full leng th
of sump w i t h 2 ’ x 4’’
n o t c h e s  a t  deep e n d .

Bottom Sunip - 2 r e q u i r e d , 1 f o r  each
scrubber; 3 ( 1 ’ l o ng  x 7 ’
wide x I ‘ deep at shal l o w
end and 3/6 ” deep a t
f l o o d e d  end - I) i s c h a rge

throug h 2 1 ’ ’  1) p i pe.

Gull W i n g s  - 4 on e a c h  sec t ion of
s c r u b b e r  - 8 t o t a l .
0 ’ x 30 ’  e a c h .

F u r n  i ng \‘anes - 2 e a c h  s i d e  - -1 total.
2-3’ Radius , 2- b ’ Radius
p l u s  s t r a i g h t  s e c t i o n s  -

E p o x y  pain ted steel.

Cover Sections - C o r r u g a t e d  FR P  -
Nbc rglass r e i n f o r c e d
p l a s t i c

Pi p e b a f f l e s  ( F R P )  w e r e  added  at t h e  t o p  sect  ion  of the
exi sting stack because of severe mna l distribution of gas
f l o i \  e n t e r  ng the  Sc r u b b e r  s e c t i o n . I ’hes e w e r e  p l a c e d
on t h e  s o u t h  end of the scrubber . B a f f l e s  c o n s i s t e d  of
-1’ leng th s of 3” D FRP p i pe moun ted on 7-1/2 ” cen ters
(! 1 g .  3 - 2 ) .  l’he s c r u b b e r  i s  i n d e p e n d e n t l y s u p p o r t e d .
The t p  o f  t h e  t r o u g h is b r e e c h e d  t o  t h e  top  o f  t h e  s t a c k
b y  1/ 1 ”  t h i c k  . \eoprene  s h e e t .
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PART II
Chap ter 6

DESIGN CONSIPj~RATIONS : Wa ter Svstemn

o •L The i ca t e r  system for the TEST scrubber-augmenter unit
cons is t s o f  two ma jor componen t s :

1- R i v e r  water f o r  p a c k e d  scrubber

2 -  F r e s h  w at e r  f o r  a u g m e n t e r

The f l o w  d i a g r a m  f o r  t h e  sy s t e m , i s  i n d i c a t e d  in Fi g u r e
t ’ - i .  ‘l’he w a t e r  i n t a k e  sy s t e m  is s h o w n  in  F i g u r e  o — 3 .

6 . 2  R i v e r  w a t e r  is pumped  at t h e  r a t e  of  $ 0 0 ) )  ~ PM ( $ 1  f o o t
h e a d )  by a J o h n s t o n  \ e r t  i c al  M i x e d  F l o w  Rig ht A n g l e  D r i v e
2 - S t a g e  Pump , M o d e l  F-  2 5 0 , d r i v e n  b y a 2 50  l I P  D i e s e l
hu g  i nc  , C u m m i n s  M o d e l  NT 2 8 0 - 1  F .  The i n t a k e  of  t h e  p u m p
s u b m e r g e d  in  t h e  r i v e r  w a s  p l a c e d  a p p r o x i m a t e l y 25 0  f e e t
f r o m  t h e  b u l k h e a d  , to  a c h i e v e  p r op e r  s u b m e r g e n c e  . The 18”
D c ar b o n  s t e e l  t r a n s f e r  l i n e  to  t h e  scrubber w a s  a p p r o x i  -

m a t e  lv 350 feet l o n g . Flow was measured by  a b v — p : i s s  on —

l i c e  flowm et er . The d i  s c h i r g e  f r o m  t h e  s c r u b b e r  w a s  2 0’’L )
and w a s  p l a c e d  a long  t h e  b u l k h e a d  di  s ch a r g i n g  at r i p r a p
i n t o  t h e  r i v e r  a t  a 2 6 0  f e e t  di  stance f r o m  t h e  s c r u b b e r
Fhe d i s p l a c e m e n t  o f  i n l e t  and  o u t l e t , 5 4 0  f e e t  on an e a s t -
w e s t  l i n e  and 12 0  f e e t  on a n o r t h - s o u t h  l i n e , was  c h o s e n  to
m i n i m i  :e t h e  I ) o t e f l t  Lii of  r e c y c l e  t o  t h e  s c r u b b e r  • No
e v i d e n c e  of  r e c y c l e  w a s  o b s e r v e d .

(i .3  The q u e n c h  w a t e r  w a s suppl i ed f r o m  t w o  ( 2 )  20 , 000  g a l l o n
t a n k s  w i th co m mon f e e d  f rom t h e  s t a t i o n  p o t a b l e  w a t e r  sy s t e m .
Two pumps w e r e  u sed  to  p r o v i d e  w a t e r  u n d e r  h e a d  to  the
q u e n c h  zone , one f o r  t he  v e n t u r i  t h r o a t  sp r ay  r i n g  and  one
f o r  t h e  d i v e r g  I rig s e c t  ion sp r a y s .  The p u m p s  w e r e  s t a r t e d  by
the  t e s t  c e l l  o p e r a t o r  w i t h  s t a r t e r  s w i t c h e s  i n  t h e  c o n t r o l
room

l’he sp r a y  r i  r ig pum m ip spec  i h ea t  i o n s  ice re

K e t c h u m  Pump M o d e l  3 , \ f l I O
h e ad 175 ft
000 GPM

50 hI P Mot or

• ~~~~~~~~~~~~~ 
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PART I I
Chap ter 6

6.3 (Continued)

The diverg ing sec t ion  spr a y pump p r o v i d e d  b y the  U .  S.
Navy was a

K e t c h u m  Pump M ode l  5 8 7 4
Head 175 f t .

500 GP M
30 L I P  M o t o r

I h e  w at er feed to the augmnen ter w as del i vered  throug h
6”D 1 i n e s  w i t h  p o s i t i v e  s h u t o f f s  c o n t  r o l l e d  f r o m  th e
te st cell operating room.
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Chap ter 7

DESIGN CONSIDERATIONS: Aug mnenter

“ .1 The augmen ter system (Fig. 7-l)(6’4”D x 12’) was design-
ed to p rov ide  for reduc t ion of  augmen ta t ion wi th minimal
or no ph ysic al interference with the flow of the jet.
The f low sys tem w as conceiv ed as f o l l o w s :

7.1 .1 Converg ing throat (25°) as entrance for the jet ex-
haus t s t ream. The thro at diame ter , 3 ’O ”  is 6 ”
greater than the exhaust bell diameter of the larg-
es t eng ine to be tes ted.

7 .1 .2 A m inimum horizontal open distance of l ’O” wi th no
direc tional structure before the position of t h e
d i v e r g ing ven turi se ct ion (~. 7 ° ) .  The open space
hous es the reces sed hi gh velocit y spray ring and
the remaining annular area for recycle flow .

7.1. 3 The recessed annular spray ring is a 6”D p i pe roll-
ed to a 4 ’ O ”  cent e r l ine diame t er and per for at ed
with l/4”D spray on fices (40). These spray ori-
fices d irect the flow at a velocit y of 80 fps ra-
di allv into the jet exhaust stream.

7 .1.1 The div erging section of the venturi , expanding a t
a half angle of approximately 7° , is hol low and is
perfora ted with l / 4 ” D  on fices to provide secondary
quench water at 60 ft/sec to 80 ft/sec. The outer
diame ter of the diverging section is 4’7” , t hus
prov id ing an annular cro ss s ec t ion be tween the di ;
verg ing section and the augmenter 1.1). of 13.1 ft- .
This repr esents 41.8% of the total augmenter cross
sec t ion , and is  the fl ow a r e a  for the rec~-c le gas.

7 .1.5 A recycle circular baffle is placed l’8” downstream
from the end of the diver g ing con ica l  sec t ion in

- .——  • .. • 
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7 .1.5 (Con tinued )

order to aid the rec ycle of t h e  q u e n c h e d  gas. ‘I ’he
flange lie i gh t i s 4’’ and can act as :1 ha ff1 e . On e
addi tional baffle was provided to increase the
sc oop baffle hei gh t to 12’’ .

7 • 1 . 6 A r e m n o v a b l e  axi all y I oc at ed ho 1 1 ow con i ca I co re
b u s t e r  w a s  l oca t ed w i t h  t he l e a d i n g  poin t (‘‘‘ up-
stream of the trailin g ed ge of t h e  d i v e r g i n g  see-
t i on . ‘l ii i s un i t w a s  p l : i  c ed i n  t lie augmnen ten to
d e t e r m i n e  the necessit y fo r f i n a l  b r e a k i n g  of  t he
jet c o r e .  ‘l’he core buster was 3 2 -  l / 4 ’ ’ I )  or i f i c e s
for secondary ir r i ga t ion a m i d  q u e n c h i n g .

BA S IS o~ D E S I G N

7 . 2  The objective cf this a u g m e n t e r  system (Fi g .  7 — I )  w a s
t o m i n i m i z e t h e  t o t al g a s f l o w  in t h e  e x h a u s t  i n order
to reduce t h e  c ap i t a l  c o s t  a n d  s i  :e of t h e  p01 h i t  ion
abatem ent system . The s e c o n d a ry  objective i,as t o  re-
duce  t h e  t o t a l  gas flow with the possibilit y resulting
that the exist i n g  test cel l  s , wi t h t hr ust bed nod i f ic a -
t ion  , c o u l d  he us ed for the n e w . l a r g e r  eng ines t h a t
are adopted be the Nav y

‘l’he design and de ye I o pn l e n t  o f  th i s a u g m e n t  en  w a s  I l a  sed
on t he f o l l o w i ng:

IIV I o t hesis I : The p r e s e n c e  of non- ie r o d v n a m i c  fixed
bodies in the path af t h e  jet exhaust ,
as a secofldar\’ effect , precludes reduc—
t ion in augment at ion because of the
t u r b u l e n c e  d e v e l o p e d .  -\s a resul t o f
turbulence occu rr ing in augm u ent ens with
f ixed bodie s in the path of the gas
s t  r e a m n  , t h e  eng i n .  u m m i ’ ~t be h I  a n k e t e d
w i t  ii s e c o n d a  i-v a i m , i n  t h e  o r de  i o f  a u g —
m e n t a t  i o n  of  i - s , i n o rder t o main t ain
engine s t a b i l i t y .

- 
. - - - 
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7 . 2  ( C o n t i n u e d )

Uvpothes i s  2: The k i n e t i c  e n e r gy  o f  t h e  e x h a u s t  , approx-
ima tel y 1/ 2  o f  t h e  t o t a l  e n e r g y  in the A/B
r a n g e  ( c a l c u l a t e d )  , can he rd i e v ~~d by en-
t r a i n m e n t  , t u r b u l e n c e , or p r e s s ur e  dro p
due to friction. The most effective mode
i s  e n t r a i n m e n t  c o m b i n e d  w i t h  f r i c t i o n  l o s s
in  an a rea  ou t  s i d e  t h e  mna in  f l o w  zone , be-
c a u s e  i t  m i n i m i : e s  r e f l e c t i o n  of  i n s t a b i l -
i ty to the engine. ‘l’he d e s i g n  o bj e c t i v e
was to  m a i n t a i n , a s much a s f e a s i b l e , t h e
e n t r a i n m n e n t  m e c h a n i s m  h u t  to  p r o v i d e  i t ,
mi o t w i t h  secondary a i r  o n ly , but  w i t h  f l a s h -
ing  w a t e r  and  an i n t e r n a l  r e c y c l e .  The an-
n u l  a r space  a r o u n d  the d i verg ing sec t i on
w a s  t h e  m e c h a n i  sin p ro  i e c t e d  to  a c h i e v e  b o t h
these p h e n o m e n a .  B a s e d  on the cross see-
t i o m i a l  a r e a  of  t h e  a n n u l i i s , t h e  f o l l o w i n g
i n t e r n a l  r eced e a u g m e n t a t i o n  r a t e s  f o r  t h e
J-79 w e r e  p r o j e c t e d :

TA I l l ,E 7 . 1
E f f e c t  o f  R e c y c l e  on A u g m e n t a t i o n  R a t i o

I n t e r n a l
R e c y c l e  R e c y c l e  F l o w  I n t e r n a l
V e l o c i t y  A u g m e n t a t i o n

SFCS lb/sec Ratio

50 ( ‘55 5 2 .  0 . 2 9

100 1 3 1 0  10 5 . 8  0 . 5 9

150 1~) 6 5  l S S . 5  0 . 8 8

2 0 0  2 1 - 2 0  2 1 1 . 6 1 . 0 8

Thus b y  a i r  f 1o i ~ r e c y c l e  a l o n e , a ss um i n g
an a u g m e n t a t i o n  r a t i o  of  2 . 0 , m educt ion
to  r i t i o s  o f  0 . 9 2  to  1. 71 c o u l d  he
a c h i e v e d  ic i thin the r e c y c l e  v e l o c i ty
range of 50 to 200 sfps , provided the

V - - V - V ~~~~~~~~~~~~~~~~~~ -- - - •- . -
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~fl~j2Il thesis __2: ( C o n t i n u e d )

r ec cc ’ (‘ a i r is i n t  r o d u d e d  at the ceo t ur i
t h r o a t .  I f  t h e  r e c y c l e  a i r  d o e s  no t  re-
t u r n  a t  t h e  t h r o a t , no s i g n i f i c ; m m i t e f -
f e c t  w i l l  occur. An addit jona h and major
f a c t o r  f o r  the reduct ion of augi ’R n  tat ion
is  t hat t he re c y c l e  f l o w , entering the
i u g i n e m i t e r  at t h e  t h r o a t  o f  t h e  v e n t u r i
carries unevapor ated w a t e r  i n  t h e  s t r e a m .
if it enters at the peri phery of the jet
e x h a u s t  , i t  c a n  f l a s h  to  a v a p o r  thus
sa tisfying a p a r t  of the need for jet ex-
haust entr ainment • T h i s  t y p e  of  a u gm e n -
t a t i l n  is most d e s i r a b l e  b e c a u s e  i t  ful-
f i l l s  the system ’ s d u a l  need for the rria l
and n e m e n  t u r n  transfer. The steam augmnen-
t a t i o n  is a l s o  c o n d e n s i b l e  a n d , t h e r e f o r e ,
does not burden the po hli i t  i o n  c o n t r o l  sys-
tem with non-condensib le flo’11 .

The p roblem in desi gm i was that the quanti-
t a t  i ye 

~ r e d i c t  i on  of  t h e  quantit of drop-
let 1’l ot~ b a c k  to  t h e  t h r o a t  i s , to  s ay  t h e
l e a s t  , d i f f i c u l t  . H o w e v e r , sp r a y  on f i c e s
w e r e  l o c a t e d  near tb e t r a i l  i n g  edge of the
d i v e r g i n g  s e c t i o n  of  t h e  v e n t u r i  i n  o r d e r
t e maximize the rec y cle quantit y .

H y p o t h e s i s  3: l’he a i r  scoop i~as  i n c o r p o r a t e d  i n  t h e  de-
si gn in o r d e r  to naxi m i7e t h e  recycle.
The r e e v e  1 e phenomenon should o c cu r  he —

c a u s e  of  d e c r ea s e  of  t h e  v e l o c i t y  o f  t h e
gas  s t r e a m  as i t  e x p a n d s  i n t o  t h e  d i v e r g -
i n g  z o n e  o f  t h e  v e n t u r i .  Inasmuch a s the
r a t i o  of  t h e  t w o  c r o s s  s e c t i o n s  is  2 . 6 .
t h e  sy s t e m  g a s  f l o w  w i l l  h a v e  a r a t i o  of
6 . 7 ye 1 oc i t  v h e a d s  . W i t  h :i t o t  a 1 augnen —

t a t  i o n  r a t i o  of 2 ( s u m  of e xt ernal  , re -

cycle , and 11 a s h  I . an i n c r e a s e  i n  s t a t  i c
p r e s s~~~ ’ 0) 3 to S in . i% - . g .  w a s  e s t i m a t e d
at t h e  t r a i l  lug ed ge of the divergin g sec-
tion of  the venturi. T h i s  increase i n
s t a t i c  p r e s s u r e  i s  t h e o r e t ic a l l y c a p a b l e  U

of  c a u s i n g  a rec ycle i-ate in the a n n u l a r
sec tion is hi g h as  800 f ps ex chusiv e of
friction and r e v e r s a l  l o s s e s .

— -~ 
- —— - . ~~~~~~~~~~~~~~~
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7 . 2  (Continued)

Hypothesis 3: (Continued)

The a i r  s c o o p s  w e r e  p l a c e d  i n  t h e  ; i m i g : ’ i e n -
ter on an experiment al basis in order to
aid the turnaround.

h y p o t h e s i s  4: The c o r e  b u s t e r  in  ;me r od na n mic f o r m  w a s
p l a c e d , i n  r e m o v : m h  I e cond  i t  i o n  , i n  t h e
a u g m e n t e r  i f  f i n a l  d e s t  n u c t  i o n  of t iie jet
c o r e  w a s  r e qu i  r e d .  ‘Ilie m a x  im numn l e t  d in -
inc t er ( 1  - 79 .\ I t )  w a s  2 S  i nc he s . t i nder
t h e s e  c o n d i t i o n s , i t  i- , o m i l d  n a t u r a l  lv  d i  s —
s i p i t e  at a d i s t a n c e  of 20 feet from the
eng ine  d i s c h a r g e .  I n : m s m i i c h  as  t h e  a u - c
m iment er w a s  on I y 12  feet I omi g , i t w a s  i n  -

d i c i t e d  t h a t  t h e  p o s s i b i  I i t \ -  e x i s t e d  fo~
pr e ser n :e of  t h e  h o t  c o re  at t h e  t e r m i n a -
t i o n  of  t h e  : i u g m n e n t e i

7 . 3 AIIGMI ( N ’U E R — 1IIEO RF1 I L’t i l (VAI ,IIA1ION

7 . 3 . 1  The u s e  for in grn ent at i o n  i i i  t h e  t e s t  c e l  1 h a s  been  j u s t  i -

f l e d  on t h e  basis of  c o o l  i n g  t h e  e . \ h a l i s t  gases from the
j e t  eng i n e s  f o r  p r o t  e ct  i o n  o f  s t  rue tore am i d soum i d i t t  e n u —
at ion e q u i p m e n t  , c o o l  i n g  o f  t h e  e n g i n e , an d  st ah i Ii z a t  i o f l
o f  t h e  engine. Thus , a l a r g e  q i i a n t  i t y  of augment ed a i r
was d c  s i i-ed as l o n g  a s  d r a g  t o  r h o  I ence  i n t he eel  1 am i d
the y e  1 oc i t i es i n  t h e  ico us t i c t r ca  t e n t  see t i o n  were wit ii -

i n  a c c e p t a b l e  I i m i  t s  . H o w e v e r , i~ i t  L i t h e  i m p o s i t i o n  o f
the pol lot Ion cont no 1 , t h e  t o t  I is  f l o w  bee I lme 5 c r i t  j -

c a l  b e c a u s e  of i t s  e f f e c t  on cap I t ml m u d  o p e r a t i n g  c o s t s ,
ma d size of the polluti on control sy stem .

~ .3.2 The objective of the 11(51 augment er system was to m i n i m i z e
t he  non — conc lens  i h i  e g:i s f l o w  w i t  h o m i  t a f feet l u g  t h e  eng  i mic
o p e r a  t i on  • The theo r e t  i ca  1 c v i  l i i i I i on 1 c m  s m a d e  t o go i .le
the achievement of this objective. The iolII ~l \ i ng assl i p-
tions were made in the model:

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - .. . . 
~~—
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7 .3.2 (Continued)

(I) Ideal gas law is val id.

(ii) Energy loss in droplet formation is negligibl e.

( i i i )  Gas  l e a v i n g  the  a u g m m i e n t e r  i s  s a t u r a t e d  w i t h
\ca t e r v a p o r

( i v )  F r i c t i o n a l  l o s s e s  a r e  c o n s i d e r e d  m ie g l i g i b l e
except for the recycle flow.

(v )  Gas es leave  ou t l et sta ck  i t  a m b i e n t  p r e s s u r e .

TABLE 7 - 2
NO~l 1.\ ( : I . .ATU R E FOR A I J G M I : N T I ( R  D I R T  VA T I ON

A u g m e n t i n g __A i r :

6 Rd i t  i v e  ~l i ss Rate , ibm / s e c  . of  n o m u mem i t I ng a i r
T1~m/ se c  . o e n g u i~~~~x1~Ti~msT

0 .1 Re l i t  ir e  ‘l em ap era t u r e  , a u g m e n t  l u g  m i r t e m p  . ,
eng i n e  ~~~~~~~~~~~~~~~~~~~~

P 1 RelatIve Pressure , am b i e n t  a i r  pressure
~ i fii~~~~~ilmii s t pressure

Relative El ow Area , E l  ow a r e a  f o r  a u g u u l e m i t i ng a i r
~iT~~~~~~~cii g i ne~~~ 1~iust

Water:

V Re 1 a t i ye M i  s s Rn te , I hrn / sec . of wi t er
f Eii~7~~e c .  o I e)i~~i me e

T ‘[‘cnm pe r i  t u i - e o f  uc at er , °

l a t e n t  h e a t  o h  v a p o r i  z i t  i o n

S p d L  i i i  c heat of  water
I 

~

____________________________________________ 
________ 

__________________________ 
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7 . 3 . 2  T A B L E _ 7 - 2  (Comi t i !iuid ~CH

Wat e r :  (Con t i n u e d )

N Rel at ice \‘e l o c  it \’ , v e l o c i t y  cf u~ i ter
v e l  c c i  t~ -7T en~ im i e e xlui us t

0 ang le o f ica t en  i n j e c t  i o n  v i  t Ii re ~pes t t 0 .1 N 5 0 f
the augmente r

Eng ine Exhaus t:

M a c h  N o .

C 1) Spec i i i  c hea t o f eng i n c  e x h a m i  s t

T
1.. 

Temp e r a t  u r e  01- eng in c  e.x ha u st  , °R

-
~ S p e c i f i c  h e a t  ra t io  f o r  e n g i n e  e x h a u s t

i m i g  i ne cx Faust p re 550 re , P S I  .\

P - Relati v e ambient pr es s iim e , 1 4 . 7
S p 1’

Outlet Flo w :

R e l a t i v e  Mass Rate , lb /sec. oh t o t a l  o u t l e t  flow
i b m/ s e e .  ~~T~~~ T~~i m i e e x h a u s t

Rela tive I’empera tur e , o u t l e t  gas tem ui p er i tur e , °R
engine exhaust temperature , ~~

P0 Rel a t ice Pressure , o u t l e t  pressu
~i ________

eng ine e x h i m i s t  p r e s s u r e

A Re I a t  i cc a r ca  o f  o u t  I e t  f l o w  1 n sa0 • — — —  —. \u i g m e n t e  r , a r c a  o f  e m u g  l i i i ’  d ’Xli i  m i s t

A Relativ e stack area , o u t l e t  stack areaS 
area of  e n g i n e  ex ~t a u s t
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7 . 3 . 3  ( C o n t i n u e d )

Momen t um b a l a n c e :

-
~~~~ 

1 + P
aA a 

- A (~0 - 1 R~~~ 
- =

B 1 1 -

0 0 a
+ —______ - - 1 - ______ 

- ~ \ : cc O

P P \
0 0 R 0 R-, i a

E n e r g y  B a l a n c c :

L
Pw T~. - X

1 + ~0 ’  + ~
-
~

- — .
~

‘ =

1 —-— —— 
~~~~~~~~~

—V 0

C~~(T 1. -

y - 1 
2 3 2 3~~2 1

( 2 ) 

I 
2~~~ 

]

- k 0~ - k

where : 0.’ = ________— and 0’ -— - — and
_ _ _  1 1 - k  0 i - k

k =

•
~~~~ 7 V V~~~~ ~~~~ V —~~~~~
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7 . 3 . 3  ( C o n t i n u e d )

Edlua tion for Saturation Condition:

P p .  760  ~/ ° ‘- 9720
in I v I 2 1 . 17  - _______ 7 . -I

1 4 . 7  
/ OQT1.

= (~ + ~~~~~~ + 

~ j : ) /18
‘
~~~\ 

+ l~~~~~
] 

/ 2 9  

~ ~~1[~~ 
~~m 6

~~~~~ E] 
/l 8~

I t u i t  l e t  P r e s s u r e
-) 

. 
Y

/~~- l \  -, 
~~~~I + ( %\ 1~. ,

~ 
-,

\ 2 ) -  A~~P
P = P —-—~~~~____ —- - .~~~ - .  0 S / V -,

-, 
~‘

_
u

1 +  \1
1: -

~~~~~~~~~~ ~2 ~
- A -P

0 0
L -

Pressure l)rop th rough the Ann umlu s:

- 1 R ,  
= 2f(____) 

A~~~~~~~~~~~ 
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7 .3.3 (Cont in u e d )

The above  equations , d e r i v e d  f o r  a f i x e d  g e o m e t r y  a n d
g iven engine parameters , a r e  qu i t e g e n e r a l . The yin -
ables in these equat ions are explained in TABLE 7 - 2 )
Th e v a r i a b l e s  - n a m e l y  p r e s s u r e , t e m p e r a t u r e , f l o w
are as and mass  r ates - are made d i m e n s i o n l e s s  based
on the eng ine parameters.

E q u a t i o n s  7 - 1 , 7 - 2 , and 7 - 3  a re  c o n v e n t i o n a l  m a s s , mo-
men t un m , and  ene r g v  b a l a n c e s  . Equa  t ions — - 4 a n d  - S
rd a t e  t h e  p~ r t  i a l  pressu re of water at s a t u r a t e d  con  -

d i t  ions as a funct i on  of  t e m n p e  natur e in t lie range of
l 3 0° l - 1 70 ° I- . E q u a t i o n  7 - 6  r e l a t e s  the au g m e n t e r  out-
l e t  p r e s s u r e  i s  a f u n c t  ion  of  t h e  o u t l e t  v e l o c i t y .
l ( qu a t  ion  - d e s c r i b e s  t h e  p r e s s u r e  d ro p fo r  rec c l e
f l o w  assumin g non—compressible isot h erm ui a l flow.

‘Ih e  ih o v e  equations 7-1 t h r o u g h  - 7  d e f i n e  t h e  s im p l I -

f i e d  augmenter f l o w  c o n d i t i o n s .  in  gem ie ral , knowi m ig
t h e  g e o m e t r y  mu d the eng ine exhaust parameters , t h e r e
a re e I g lit uink no wmi s

‘v , ~~~ , P , 0 , - ,  P , ami~l
0 0 i-~

Thus , it is possible to obtain the value s of first
re\’en unknown variables for an as summed v a l u e  of  the
~~ c v e 1 e .  ( n ) .

The ma j on di ffere nce between t h i s  m o d e l  am i d t h a t  lire-
sen t ed in the initial report (Cont. No. \ 6 2 - f t 7 - 7 0 - C -
00 8 ) is co n s i d e r a t ion of t he e f f e c t of  s at ura t i on  of
the gas and t h e  rec~-c l e  ph e n o m e n o n .

7. 3.4 (‘AI LIII -\TII)\S

The s i m u l t a u u e o u s  s o l ut  i on  o f  t h e  desi gn equ a t i o n s  w a s
c a r r i e d  o u t  on a c o m p u t e r .  The ca l c u l a t i o n s  were car-
n e d  ou t fo r  t he f o l l o wi ng dat a :

I
I

- 
V ~~~~~~~~~~~~~~~~~ 
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7 . 3 . -I (Continued)

(:\ ) J - 7 9 - 8  M A X A / B  T F - 3 0 - P 8  M I L

Ma ss f l o w ,
i bm/ sec I S O  2 6 0

Tempe rat u r e , °F 3140 618

Exhaust preS s~i ie
PSIA 36 28.9

E n g i n e  no :z l e  d i i . ,” 30 -1 /8 26-5/8

Dci’. Po in t , °F 80 80

( B )  A m b i e n t  a i r :

Femnpe natur e = 80°F I)ew Po ji lt = 6 0 °  F

Pres sure = 14.7 PSIA

( C )  Wa te r :

l e m n p e r m t u r e  = 80° l ’ In e c t i o n
V e l o c i ty  = SO It/sec

A n g l e  o f
I n j e c t i o n  = 9 0 0 F

( D )  O u t l e t  P r e s su r e  at
S t a c k  A re a = 80 t~t — l i t  let of

St i c k  l L  P~~T A

( I : )  R e c y c l e  F l o w  A n n u l u s :

L e n g t h :  = 4 . 0  f t .  E q u i v a l e n t  d i a .  - 1 . 5  It

Frictional coefficient = 0 . 0 5  ( a s s u m e d )

7 . 4 D I S C U S S I u N S

7 . 4 .1 In the e a r l  ic r studs - (Contract No . \ e 2 4 6 ’ - 7 0 - C - 0 0 7 8 )

___________________ - . .
- ,_1 1:

_ ’ _ .
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p p .  2 0 )  , i t  w a s  estab i i s h e d  t h a t  t h e  a i r  a u g m e n t a t i o n
cou ld  be m i n i m i z e d  b y m a n i pulation of the augmenter
d i m e n s i o n s .  From the p r e s e n t  t h e o r e t i c a l  s t u d s ’ , the
effec t of c h a n g i n g  a u g m e n t e r  d i m n e n s  i o n s  i s  i nd i c i t e d
i n  Fi gor e s  7 — 3  and 7 — 4  , a nd TA B l E — - I )

- 1 . 2 The dec i - c i s c  in  r e l a t iv e augmen ta ti on f l o w  a r e a  a t  :t
c o m i s t a n t  o u t l e t  ar e a  b r i n g s  a b o u t  a d e cr e a s e  in au g—
m e n ta t i o n  r a t  io. (Figure 7 - 3 ) .  This effective ‘‘ close-
co up i i  n g  ‘‘ i s dependen t upon the eng i ne I oc at i o n  w i t h
re s pec t  to  the  i n l e t  cone  and t h e  j e t  e x h a u s t  d i a m e t e r .
l:on e x a m p le . fo r engine locations :mwa y from the i n l e t
cone , t h e  I i m n i t i n g  c o n s t a n t  and  i t s  m a g n i t u d e  i s  det er -

m i n e d  b t h e  an nu l u s  b e t u ’ . c e n  t h e  e n g i n e  e x h a u s t  c o r e
and the vent uri throat , or r a d i a l  d i  s t m n ce t o  c o n v e r g  -

i r ig t h r o a t  ( i f  c o n t  r o l l  i r i g )  . Thus beyond a g i y e n  po I n t
t h e  d i s t a n c e  o f  t h e  t a i l p i pe f r o m  t h e  t h r o a t  s h o u l d  n o t
a f f e c t  a u g m e n t a t i o n  ratios g r e a t l y .

‘I ’he rc  f o r . - , i t  i s  i m p l i e d  t h a t  t h e  mu ig un entat i o n  r a t i o
w i l l  be \- a r~’ g re n t lv w i  th change of d i Stanc e of the
j e t  e x h a u s t  to  t h e  t h r o a t  . ‘lb i s  uc is con f i r m e d  wi th
t h e  T F - 3 ( )  ( T A B L E  - 3 ) .  However , a l 5 ° ~ t o  20°c i n c r e a s e
in augm en :~it ion was  o b s e r v e d  in  t h e  c i s c  o f  t he  J - H
(Mi ii t m r v  hi r i r i g )  at a critic a l distance change from
14 ’’ t o  t he l u ’’ pos ition (TABl E 7 - 3 ) .

For - J - 7 ~) - S  eng i n e  it  Max. A/B r a t i n g , t h e  e n g i n e  b en-
t i o n  w i l l  be c r i t i c a l  i n  t h a t  t h e  l i m i t i n g  a u g m n e m i t a t i o n
f l o w  a r e a  co u l d  lie d e t e r m i n e d  by  t h e  c l e a r a n c e  b e t w e e n
t h e  eng i n e  s h r o u d  and the inlet cone . W i th emig i n c  c o r e
e xpansion to a d i a m e t e r  of 33 ’’ at the 50 ’’ u-en tu ni throat ,
the rd at ice augmentation flow a rca i s  0 . 2 2  ami d , conseq-
u e n t l y  , augmentation ratio was p r e d i c t e d  t o  be a b o u t
0 .  oS ( L A D L E  7 - - i )  . These  vi  l u t e s  o h  a u i g m e n t a t  i on  r a t  i n s
a r e  i n  r a n g e  o f  t h e  o b s e r v e d  l i m i t s  ((1 .55 -0. P 1) . ( T A B L E

- 5). The l o w e r  ~‘alue s of m u g m ent it i o n  a c h i e v e d  in
test work m ae he a t  t rihute d to boum idarv eddies develop ing
i n  t he j e t e n h a u i s t  , r e s u l t i n g  in an effect i c e d ecrease oh
the augment at ion i re i

7 . . 3 I c r  :i con s t a n t  re I a t  i ye ; i u g m e m i t  at i on f l o w  a r ca  , t lie aug -
m e n t e r  p e r f r u - t a n c e  w i t h  r e s p e c t  t o  v ari ations in o u t l e t  
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Cha~~ten 7

7 . 4 . 3  ( C o n t i n u e d )

d i a m e t e r  is  shown in Fi g u r e  7 - 4 .  As t h e  d ow n s t r e a m
o u t l e t  d i a m e t e r  i n c r e a s e s , t he  exhaust gases are slow-
ed d o w n and , consequentl y , t he augm ne ntatio n r at io i s
inc r e a s e d .  C o n v e r s e ly , i t  i s  p o s s i b l e  to  d e c r e a s e
t h e  a u g m e n t a t i o n  r a t i o  by d e c r e a s i n g  t h e  o u t l e t  d i m -
m e t e r .

7 . 4 . 4  For t h e  J - - T P - S  e n g i n e  at Max. A / B  c o n d i t i o n , t h e  c a l c u -
l a t i v e  s a t u r a t  i o m i  t e m p e r a t u r e  is  i n  t h e  r a n g e  of 160 0 j :_

1 75 ° F  and  i s  r e l a t i v e l y  i n d e p e n d e n t  of t h e  a u g m e m i t a t i o n
ratio.

7 . 4 .5 A t f i r s t  g l a n c e , t h e  t h e o r e t i c a l  a m i a l y s i s  i n d i c a t e s
( see  e n - u g n t c r  r e s u l t s , TAB l E - - I )  t h a t  f o r  a g i v e n  geo-
m e t r y ,  t h e  recycle ratio does not affect the augmenta-
tion ratio. This behavior w a s  observed in the actua l
data when the recycle flow was bl anked o f f .  R e f e r r i n g
to Figure 7-4 , i t  is  seen that t h e  a umg me n tmt ion in-
creases u’ .i tb the increase in t h e  cutlet d i a m e t e r  for a
constant a t i g u i e n t i t  i on  flow a r e a .  Im iasm uch as the pre-
sen ce o h  n e c - ’ . 4  I c  f l o w  h as in  e f f e c t  of  d e c r e : m s i  n g  t h e
o u t l e t  v e l o c i t y , t h e  t o t a l  a u g m e n t a t i o n  m a y  i n c r e a s e .
h o w e v e r , with t h e  p a r t i a l  a u , i g n l e n t m t i o n  r e q u i r e m e n t s
~up p  i i  ed by t h e  r e cv c  1 e hi  ow , t h e  i mid uiced non  — c o n d e m i  s i —

b l e  augmentation may still remain c o n s t a n t .  It is he-
1 i ev c d  t h a t  f o r  t h e  r e cy c l e  f l o w  to  r e d u c e  t he  i n d u c e d
n o n - c o n d e n s i b l e  a u g m e n t a t i o n , t he  i n j e c t i o n  of  r e cy c l e
flow mnus t be obtained a t  the i n l e t  cone such that s i m u l —
aneous red act ion in augment at i on b low a rca i s a c h i e v e d

Inasmu ch as this effect of re dm ic ing augmentat ion area
by the reeve Ic flow was n o t  a c c o u n t e d  f o r  i n  t h e  t h e o r e t  -
i c a l m o d e l , the theoretical anai~ ’si s was incomp lete a n d
no a ugment i t  ion effects wene predicted.

7 . 4 . 6  In  t h e  earl icr s t u dy  ( C o n t  r a c t  N o .  N o 2 - i~~7 - 0 - C -  0 0 7 8 ,
p p .  1 — 6  ) , it w a s  po i n  t e d  o u t  t h a t  t h e  q u e n c h  i n p u t  Jo ~n —

s t r e a m  of t h e  a u g m e n t  en  f o r e  i n g  c o m i c  w o u l d  n o t  a f l e e t
the degree of augmentation. ( F i gu r e  7 - 5 ) .  T h i s  be-
ha v i o r  is also establishe d in l’ i gu irc 7 - 3 , w h e r e  it i s
seen  t h a t  a m i g m e n t a t  ion  r a t i o  i s  e s s e n t  i a i l ~ ’ i n d e p e n d e n t

_ _ _ _ _ _ _ _  -~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~
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PART I I
Chap te r 7

7.4.6 (Cont i n u c d )

of  i r r i gation i t  a constant outlet area c o m i d i t i o n .  I ) a t a
o b t a i ne d  by N A R E  p e r s o n n e l  f o r t he T F — 3 0  a n d  , J — 7 9  en-
g ine s i n d i c a t e d  no s t a t i s t i c a l l y  v a l i d  decrease in aug-
m entat i o n  h o n  t h e  3 — 7 9  w i t h  m t  redact i o n  o f  600  GP \ !  o f
q u e n c h  as  o~ pesed to  no w a t e r  a n d  : ip p r o x  i m a t e l ~ - 8~ re-
duc t i on  (u ~ i t h i n  r a n g e  of  : i c c u r a c v  o f  t h e  d a t a )  f o r  t h e
TF- 30 with t h e  same w a t e r  v : m r i a t  i o n .  ( T A B L E  7 - 4 )  
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PART I I
Ch~ipter 7

1’.

TABLE 7 . -i (A)

M O D E L  P R E D I  CTED A UGM EN TAT I ON I-t AT lOS
J:o~ .J-79-8 ENGINE AT MA .X A/Il

Outlet * Exhaus t Irri ga-
Recircula- Aug . A rea Pressure A r e a  A u g .  t i o n  S a t .  Temp
t i o n  R a t i o  R a t i o  ( I N - l ! ,0) R a t i o  R a t i o  R a t i o  ( ° F )

A 1’ A a- a o o

0 . 0  0 . 1 0  - 2 0 . 7 5  5 . 1 - 1  0 . - IS  0 . 8 7  17 3
0 . 0  0 . 3 0  - 3 1 . 1 0  5 . 1 4  0.~~7 0 . 8 0  1 67
0.0 0.50 - 55.09 5.14 0.93 0. 78 160
0.0 0.70 -37 .56 5 .14 1. 00 0. 77 15 8
0.0 0.90 -38. ’)2 3 .1 - -I 0.98 0 .6  160
0.0 0 . 3 4  - 2 3 . 5 8  6 . 0 0  1 . 1 0  0 . 8 6  165
0.0 0.3- I - 16 .7:) 8.00 1.5 -1 1 . 0 7  166
0 . 0  0 . 5 3  - 7 . h O  1 0 .0 0  1 . 9 0  1 . 3 6  165
0.0 0.34 - -1 . 1 2  1 2 . 0 0  2 . 1 9  1 . 6 9  171
0 . 2 7  0 . 3 4  -32 .26 5 . 1 - 1  0.82 0.80 166
0 .4 1  0 . 3 4  - 3 2 . 3 2  5 . 14  0 . 8 2  0 . 8 0  166
0 . 5 - 1  0 . 3 - 1  -32. 42 5.14 0. 82 0.80 166
0 . 6 8  0 . 3 - I  - 3 2 . 4 5  5 . 1 1  0 . 8 3  0 . 8 0  l o 6
0 . 8 2  0 .3 . 1  - 3 2 . 5 3  5 . 1 - 1  0 . 8 5  0 . 8 0  166
0 . 9 5  0 . 5 - 2  - 5 2 . 54  5 . 1 - 1  0 . 8 3  0 . 80 166
1 . 0 9  0 . 3 - 2  - 3 2 . - I S  5 . 1 4  0 . 8 2  0 . 8 0

*Static pr essure in inches w . g .  at t h e  a u g m e n t e r  o u t l e t .

NOTATION : ‘ - Recirculati on Ratio

— A u g m e n t  i t  i o n  Are a R at i o

— I xhamis t -\rea Ratio

V - I r r i g a t i o n  R a t i o

—I-Jr- - 
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PART IT
Chap t er 7

TABLE 7.4 (B)

MODEL P R E D I C T E D  A U G M E N T A T I O N  R A T I O S
FOR T F - 3 0 - P 8  E N C T N T 2  AT M T L  —

O u t l e t * E x h a u st I r r i g a -
Rec irc u la- Aug . -\rea P r e s s u r e  ,- \ rea  - \ u g .  t ion  S a t .  T e m p .
tion Ratio Ratio (IN -h1 ,O) Ratio Ratio R a t i o  ( 6 F )  

-

- \ P I Va 0 0

0.0 0.10 -37.29 6 . 5 5  0 . 16  0 . 5 8  15 ’

0.0 0.30 -42.27 6 . 5 5  0 . 7 9  t) . 2 7  14 3

0 . 0  0 . 5 0  - 5 0 . 1 5  6 . 5 5  1 . 0 0  0 . 2 2  136

0 . 0  0 . 7 0  - 5 5 . 2 3  6 . 5 5  1 . l ’  0 . 2 0  131

0.0 0.8 0 -55.23 6.55 1.25 0.19 129

*Stat ic pressure in inches u’.. g .  a t  t he a u g m e n t e r  ou t l e t .

N O’I’- \ T J) N : - Rec i rc u l a t i on  Ra t io

— ,-\ugment at ion Ar e a  R a t i o

— Exhaust A rea Ratio
0

V - I r r i g a t i o n  R a t i o
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MODEL PREDICTED AUGMENTOR PERFORMANCE

AT CONSTANT OUTLET AREA

ENG INE: J -79-$ MAX. A/B
RELATIVE OUTLET AREA, Ao~ 5. 14
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MODEL PREDICTED AUGMENTOR PERFORMANCE AT
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‘i TH E EFFECT OF WATER I N J E C T I O N  ON THE
.4 S ECONDARY AIR INDUCED FOR A FIX ED JET TEMPERATURE
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PART III
(‘T~ap ter 8

P E R F O R M A N C E :
E f f l u e n t  F rom Eng ines  and R e c o v e r y  b y S c r u b b e r  *

8.1 In ord er to establish the severity of the problem of
con t ro l  of e m i s s i o n s , the quantity, concen tration , and
p a r t i c l e  si:e dis tribution of t h e  jet eng i n e  e m i s s i o n s
w e re inve st i gated a t the exhaust of - Jet Test Ce 1 1 at
B l a c k  P o i n t , J a c k s o n v i l l e  N a v a l  A i r  S t a t i o n .

Emis sion levels were obtained by N A R F  Chemical Service
L a b o r a t o r i e s  at  N A X - N A S  and l i n y i r o n m e n t / O n e .  P a r t i c l e
si : e  d i s t r i b u t i o n  was  e s t a b l i s h e d  he E n v i r o n m e n t / O n e
and s o l i d s  captured by t h e  s c r u b b e r  w e r e  d e t e r m i n e d  b y
the NARF Chemical Service Laboratories. ( S am p i  ing
t e c h n i q ue b y En v i r o n m e n t / One i s  i n d i c a t e d  in  A p p e n d i x
SA )

I t  s h o u l d  he noted that as a result of severe m aldis-
tribut ion in t h e  g a s  flow pattern in the exhaust stack
of Tes t C e l l  1 , t h e  determination of the emission level
was d i f f i c u l t .  .\ “co re ’’ o f h i g h  v e l o c i t y  (exceeding
260 f p s )  occ up ied  a p p r o x i m at el y 20% of the t o t a l  s t a c k
area (Figure 5 - 1 )  . The var i at ions in conce n trat ions of
p a r t i c u l a t e s  i n  e a c h  a r e a  s a m p led  a r e  i n d i c a t e d  as  f o l —
l ows

(SEE FOLL LO\ I NC P A G E  FOR T A B L E  8- 1

* V
.-\n a l y i i  c a l  M e t h o d s  and  P r o c e d u r e s  - A p p e n d i x  S-\

_____  V 
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PART I I I
Ch ap t er 8

TABLE 8 1

Ma ss V e l o c i t y Tempera tur e
P o i n t  c o l l e c t e d  gram s ( f p s )  °F 

-

J-79 Normal 1 . 0 0 3 0  1 2 0  100
T im e Sampled  2 . 0 0 2  I 230  100
S m m .  3 .0014 60 -100

4 . 0 0 19  2 2 o  4 0 0
5 . 0 0 2 2  > 2 6 0  4 0 0
0 . 0 0 2 9  165  100

~ EL -po rted)

Mi mi . 20) 1 .0029 130 345
Hme Sampled 2 .0035 260 410
4 m m .  3 .0022 95 520

-1 . 0 0 3 3  l o S  4 1 0
5 . 0 0 2 5  > 2 6 0  3 2 0
0 . 0 0 3 3  15 - 1 3 4 5

“Li x . AB 1 .OOoo l oS 37 5
l ime Sampled 2 .0035 ‘260 37S
1 m m .  3 . 0 0 4 5  105  37 5

-1 . 0 0 - 1 9 165  5 7 3
5 . 0 0 6 6  > 2 6 0  3 _ S
6 . 0 0 5 3  165  3 5

_____ 
--
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PA RT I I I
Chapt er 8

8.2 The average emissions established in t h e  t e s t s  m ade  a re
t a b u l a t e d  and compared  w i t h  t h e  “g r a in  l o a d i n g ” calcu-
la ted on the basis of the s o l i d s  c o l l e c t e d  in the scrub-
b e r .

T A B I , ] .  8 - 2

PART I CU L A T I .  I M l  88 IONS 1 K ~M , l  i ENG I N E S  I N  TEST C E L L

E M I S S t O \ S - G R A I N S / S C F
Based on S o l i d s

C o l l e c t e d  in
I N  C I  NE M O I ) L  L N V / O N L  - 1 N V - \ R F I NV! ON E - 2 (3)  Sc r u b b e r  W a t e r , (1 , -
_____ — _____ _____ 

(D o e s  n o t  i n c l u d e  d r a i n )

J - 7 9  I D L E  0 . 0 0 9 2  0 . 0 1 5 3  0 . 0 0 2 9
NORM-\I. 0 . 0 2 3 4  0 . 0 1 3 1

M I L I T . \R Y 0 . 0 2 1  0 . 0 3 4 8  0 . 0 3 5 8  0 . 0 6 5
AR 0 . 0 5 9  ~u e s t i o n a h 1 e  0 .08

J- 52 I D L E  0.  0034 0.  01)4 1
NORM \I . 0 . 0 1 5 7

M I L I F A K Y  0 . 0 0 5 9  0 . 0 1 2 8  0 . 0 0 8 5  0 .0 11

‘F F - 3 0  I D L E  0 . 0 0 7 9  0 . 0 0 6
N O R M A l ,  O . 0 0 V V 9 0 . 0 0 8 3

M I L I T A R Y  0 . 0 0 5 4  0 . 0 ( 19 6  0 . 0 3 4

1 - Gas f l o w  on w h i c h  l o a d i n g  is b a s e d :

J - 7 9  Mu 3 2 0 , 0 0 0  s c f m  T AB1 , 1 .  - l
J— 79 A /B 260 ,000 sc fm TAIl ! ‘

~~l
J - 7 9  No r m a l  300 , 000 s c f m  A s s u m e d
J-79 Idle 2 0 0 , 000 scfm As sumne~l

TF-3 0 M u 350 ,000 sc fm T\Bl.E - 1
T F - 3 0  N o r m a l 300 , 000 sc fm - \ s su med
11 : _ SO Idle 200 ,000 5 d m  \ s s u i m e d
J -5 2 Mu 350 ,000 sc fmi i - \ s s u r m m e d
J - 5 2  No r m a l  300 , 000 sc fm Assumed

I d l e 200 ,000 sc fm . \s sume I

2 - Solids c o l l e c t e d  at base of s t a c k  w e r e  not measured.

3 - A por ti on of the part i c u l a t e s  were collected p r i o r  to
t h i s  sa mp le because of c ondensation in the stack and
the i n t e r n a l  sect ion of the scrubber. This is cvi -

dent from the total black coatin g of the i n t e r n a l s .

V 
— r:—:---- 

~~~~ ~~~~~~~
— -__-
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PART I l l
CE ip t e r  8

8 . 2  ( C o n t  i n u e d )

The  e f f e c t  of h i g h  c o n c e n t r a t  i o n  pockets that may not
have mm ieasured i n  “a v e r a g  ing ” tests in the large cross
sect io n s ta ck  wa s r a i s e d  when da ta became  a v a i l a b l e  re-
g a rd i n g  t h e  part iculates recove red in the scrubber.
The s o l i d s  c o l l e c t e d  in t he  s c r u b b e r  water at militar y
mode ranged f r o m  1 . 3  to 5 . 6  t i m e s  that indicated b the
gas effluen t tests.

-\ c o m p a r i s o n  of p a r t  i c u l a t e  l o a d i n g s  obt ained fromn the
p o i n t  gas sampling, those based on s o l  ids col lL’c ted in
t h e  s c r u b b e r  w a t e r , and  data o b t a  m e d  by  o t h e r  s o u r c e s
a r e  indicated in TABLE 8— 3. A l thoug h the engines are
no t  t h e  same , t h e~’ ar e  a l l  t u r h o f a n s  w i t h  t h e  J T 8 D  con-
s i d e r e d  ‘‘dirt ~- ’’ and t h e  T I 9 I )  c o n s i d e r e d  ‘‘ c l e a n . ’’

TABLE 8 - 3

L~ ~M I~A R I SON 01: P A RT I C U I , . \  [‘F I O \ D  I N ’GS
-~~K TURB O FAN F N G T  N E S  B - \ SFI I  ON GAS

~ V~ P L I N ~~~TN STAC K, W A T E R  R I - COVI RY
T~~ D ENTFRNA IV Il ,-\T:\ SOURC IS

P arti cu la te L o a d i n g  Gr a i n s / S C F

From
Sc r u h h e r

I•rom Gas Water and Nor t b e r n
(7o I I  . ( -\v Exha u s t Gas P ~ R e se a r ch

IDLE 0.00”9 0.006 0.002
( 2 0 0 , 000  sc fm )

N I I R M \ L  
— 

0 .  0 O’ 9  

— 

0 . 0 0 83

( 3 0 0 , 000 s c f m ) 0 . 0 2 5

‘-IIL ITARY 0.0096 0.054 0.022 0 .01o
0 . 0 0 _ V - i (-100 ,000 scfm )

.j~~~—~—------ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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8 . 2 ( C o n t i n u e d )

l ) i s c u s s  i o n s  were held with Pratt and tt’hi tney personnel
wh o s e  m o s t  r e c e n t  data indicate that i m ior ganics const i -

t u t e  a s i g ’ i i f i c a n t  p o r t i o n  of  t h e  t o t a l  e m i s s i o n s , and
c a r b o n a c e o u s  ma ten a 1 l o a d  i ng a ppea rs to  he low . The
m f l : i i o r  c o n c e r n , h o w e v e r , i s  t h a t  t h e  c a p t u r e  of  t h e  s u b —
m i c r o n  -c a r b o n a u ~~ous  p ar t ic~m x lates b norma l p robes maw
he poor and mi or m n a l gas ana ~l s i s of engine emissions maw
be e r r o ne o u s  . The mn :i t e r  i i i  c a p t u  m c d  b y t h e  nuc  1 e a t  i o n
s c r u b b e r  m a y  . t h e r e f o r e , be t h e  o n l y r e a l i s t i c  meas u r e
o f  cng i n c e m i s s i on s .

I t , t h e r e f o r e , a p p e a r s  t h a t  t h e  earl data t a k e n  at
h i g h flows at the stack level was sub ject to  s e v e r e  er -

r o r  , e s p e c i a l  l~ at  h i g h f l o w s  w h e r e  ma I d i  st  m’ i b u t  ion  tca~
evident (Figures 1 0- 1 , 1 0- 2 , C h a p t e r  l0~ . [h e  p a r t i c l e
l o a d i n g  o b t a i n e d  by  gas sampling app e- irs to  be l e ss i t

m l  I i t a r e  c o n d i t i o n s  t h a n  i n d i c a t e d  by  e i t h e r  t h L - e n g i n e
m a n u f a c t u r e r  oi- N o r t h e r n  Res ea r c h .  \ t  t h i s  c ondition ,
h ow e v e r , the recovered material indicates that the measure-
m e n t s  by the eng ine ma nufacturers mae be low be a f a c t o r
of  2 to  3 .

8 . 3  [he p a r t i c l e s  r e c o y e r e d  f r o m  t h e  g a s  stream w i t h  no
s p ra \ ’  s e c t i o n  used  in  t h e  au g m e n ~~’’r w e r e  a n a l  \‘ :ed f o r
p a r t i c l e  s L : e  d i s t r i b u t i o n  ( F i g u r e s  8 - 2  to S - 7 ) .  I t  i s
i n d i c a t e d  by p o p u l a t i o n  c o u n t  that approx ima t el~’ 80—90 %
a r e  l e s s  t h a n  1 micron in Lliam ete m . A pp ro \ima telv 20-50%
hw we i gh  t a i’e les ~ t h a n  I m n i c  r o n  i n  d i  :imne t e r . i’h is in-
fo rm :it i on is ~ i in Ia r t o  t h a t  t r a n s m  t t el  b e Pt-at t and
W h i t n e y . l ’he P t - a t  t and )

~h i  t n e v  s t u d  i mi d i c m  t e d  :m 0 . 0 1 -
I . 0 m i c ron  range of p a r t  i c l i ’  s i ze w i th a m ean pai- t i c i  e
si:e of 0.1 mnicron.

I t  w a s  suggested in the m i t  i a 1 s tucl v ( N 6 2 - 1 o T  - 0 - C -  0 0 7 $ )
that there existed a tendency fom - agglomeration of the
p a rtic l e s .  A s indicated in t h e  s t u dy , “ E v i d e n c e  of t h e
a g g l o m e r a t i o n  t e n d e n c y  i n d i c a t e d  i n  t h e  p h o t o m i c r o g r a p hs
o~u t a i n e d  at Pm - a t t and  Wh i t n e w  A i rc ra f t  , ~die i-c hot Ii c h a  in
and  c l u s t e r  agg lomerates of carbon p :irt~~c 1e s are w e l l
i d e n t i f i e d  w i t h  ch a in lengths exce eding 20 pa r ti c l e s i n
m a n y  c a s e s

i—-
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Ch~~3~ter 8

8.4 Samples of scrubber liquid effl u ent indicated th a t ag-
g l o m e r a t i o n  occ ur red  a t  v a r iou s t im e s d u r i ng i -ecove rv
in  t h e  s c r u b b e r .  The p a r t i c l e s  i~ - r e  h i  g l i l ”  v i s i b l e
and a c h i e v e d  si :es  estimated to be i:m t h e  5 - 2 0  m i c r o n
range . A t  other time s , no :igg iom era t ion was evident
and stable s u s p e n s i o ns  o c c u r r e d  i n  t h e  s c r u b b e r  w a t e r .
‘l’he dens i t \‘ appe :i rs to be lower t b i n  t h a t  a n t  i c i pat ed
for carbon . As sol  ii! c :i r b o n  , t lie spec  i f  i c gra~’ I t ~sh ou l d  he i n  t h e  r a n g e  o f  1 . 2 — 1 . S . I o w e v e r  , t h e  s t a  —

hi lit w o f sim s pens  i oii s al m nost co 1 1 o i il ;I  I in t he base , in
.1 - 9 ope r a t  i o n s  , im n p l i e s  t hat t lie pa r t  i c i  e s , i nbc  i - e n t  -

I e hvd r op h ob  i c , are coa t ed w i t h 1 0- 5  o r  deg  i a d e d  J 1’ - 5
p r o d u c t s , t h u s  l o w e r i n g  t h e  s p e c i f i c  g r a \ -  i t  e t o  t h e
range of 1 .0  t o  1 . 3 .

8 . 5  The q u a n t i t y  o f  t h e  r e c o v e m - e d  m a t e r i a l  i s  h i g h e r  t h a n
ant i c i pat ed I~ ron g :m s p hase m a  I vs i s . I r on  mea  soiL -men t s
taken by NA Il !- (Fi gu re 5 - 5) , i t  i s  i m id ic at L ’ LI that as

mn uc Ii as So - I KM o f u m i d  i s so I ved so !  i d s acc umu I at ed in
t h e  sc rubber w ater dii r I ng in i i  i t  a iv mode for h o t  Ii t h e
.1 - ‘ 9 and 1’F - 30. Thus lo t’ a I SO I h / s e c  co g  i n e  , the c;i p -

tured so l i d s , form erl y ch-r ositin g as f a l l o u t  on the corn-
m u n  i tv , o e rt ’ a c c l i m l i  I a t  ed at the r i t e  of 140- 1 ‘O 1 b / h i -
at ma i l  i t a  n -  m n ode

B a s e d  on  1 0 h o u r  op e  r a t  ion ( Nor fo I k pa t t cnn) , t hi’ f a l l  -

o m i t  (e~~c l m i s i v e  of  u n b u rn ed l u e l  a t  A ’ B , p a r t of  w h i c h
goes  back i i i  t h e  sump)  f o r  a 1- 7 9  or  l I - S O  t e s t  i s  a s
t o  1 l o w s

‘[‘ABLE 8 -1
PROJ1 C L I I I )  F A I , I V O U T  F R O M ! N C !  NE TEST CELL.

F a l l o u t  - lb s *
% f l o u r s  , J — 9 IF— 30

“ I i i  - m id/or . \ / J 3  i S  7 . 2  1 2 0 0  1 ( 1 - 1 0

NR 10  6 . -I 2 05 1 0 3
I d l e  10 1 .o 13 (i

‘rmir n ~irotind 5 0.8

T O F \ l ,  100  10 .0  1 1 8  1 1 4 9

*Th s does not n c  I ude sol I ds that w e r e  co 1 1cc  ted i n  t he
scrubber p 1 e num and  d r op p e d  i n  t o  the t a c k d i  a i n  . The

c f f 1  ii c ’ n t e s t i mu :i t e i s , I lie r c lore , con sc r \ a t i yr

-—
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S . 5 ( G ou t  i n u m e d

[lie fal lou t fnc ’mn the 11 ,000 lb thr u ist eng inc (cx c! mi s i y e
o f A/ 13 , pa r t  a f wh i cli ap p e a  r s t o ha Cc- been ( L i  sc ha r g e d  i n - -
to the sc u n p )  i s o f  t he a r Ll e n o f 0. 0 1). 75 ton si’ope na t -

l u g  d a y .  I n o  sn i t c h  as i B C  d i s ch~m m e  ( (- 5 2  CRc ) ~ s o f
t h e  s am e  ot-de r of ni ag n i tui d e , t he d i sc ha m ’ge fromn a 35 , 00 ()
1 b t l in u s  t en g  I t i e  cou I d  b e o f  t be m~ rde  n - of I . 9 to 2 .
t O n s / o p e r a  t i r i g  cia

L .- - 
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p I :R k i R ~L\,\ Cl : : TEST Sc r u b b e r

9 .  1 The s c r u b b e r  w a s  in  s t a b l e  reg  inc  ov e r t h e  e n t i r e  op -
c r a t i n g  r a n g e s  of  t he  e n g i n e s  tes ted .  lests were run
w i th the f o l  l o w i n g  eng i n e s :

— 79
‘IT - 3( 1
J - 5 2

The scrubber is now on product i o n  opel at ion for the
J- 32 and l F - 3 0 .

9 . 2 F v p i c a l  r u n  d a t a  are m i  ca ted in i .-\ 13l ,L 9— 1 , and f i e l d
da t a accuniula ted as a has i s f o r  lABL [ 9 —  1 ai-e :it ’a I l a b ]  e
in  -\ppendi.\ 9-\ .

9 . 3  In  the  runs  t u b u l a t e d , t he  s c r u b b e r  iL at e n flow ranged
i ron  - ( 5 0 0  Gl’ \ l  t o  530 0  CP~I , although a series of runs
we i-c made by \ \RF pe ns onne 1 where ~ a t e i -  f l o w s  is low
as 1000 GP~1 cem e u s e d .  The river w a t e r  tempe l-ature
nO 0 F t o  ~ 4° F , had no v is I hi e e f f e c  t on t h e  o p e l - a t  i o n  or
e f f i c i e n c y  of  t h e  s c r u b b e r .  Ihe e n g i n e s  w e r e  t e s t e d  i n
t h e  r a n g e  of 200  l b  to  1 7 0 0 0  il - i th nims t with q u e n c h  t emp -

e r a t u r e s  up to  1 7 2 0 1 :  and e f f l u e n t  t e m n p e i - a t u r e s  up t o  an
:Iyeragc of 125 °F ( C : i l c u l a t c d  by thermal balance 1

9 .4 i he th e r m a l t r a n s f e r  in  t h e  sc r ubbe r f a r ex c eeded the
d e s i gn p r o j e c t i o n .  [he d e s i gn c a l c u l a t i o n s  w e r e  b a s e d
on a of 1 Si lO. ,-\t a ftei-burner cond I t ions for the
J - T 9 , oi~t 1e t w a ter temp erature of 1 3 0- 135 ° F was predict-
ed w h e r e a s  the out let w ater tem p e r a t u r e , u n d e r  operat i ri g
conditions , w as 168° F. l’hus , t h e  t h e r m a l  t r a n s  f e r  w a s
l00~ greater than indicated in design. The K j j , ~ u n d e r
the o p e r a t  in~ c o n d i t i o n s  was  of t he o r d e r  of 3000 - 4 0 0 0
B tu/ (h r) (ft- I ( l3tu/ ib) , based  on t h e  r e i m i c  t i o n  i n  the i-ma 1
gr ad ie n i
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C h a p t e r  9

9.4 iCon tinued)

The S c r u b b e r r e s p o n d e d  t o t he t h e r m a l d e m a n d  of t h e
gas stream. Based on the th e r m a l p ick- up b y t h e  w a t e r ,
in  e x c e s s  o f  8 5 %  of t i l e e n e r g y  of  c o m b u s t i o n  w a s  re-
c o v e r e d  up to a n d  in c  l u d i n g  m i  i i  t a r y  mode at  m a x i m u m
a f t e r b u r n e r ’ ( ‘I ’ABLF 9 - 1 ) .  Fo r  exa m p le , f o r  t h e  J - 7 9  i n
m i l i t a r y  mode , t he  th e r m a l  p ick—up w a s  1b 2  x lOb Btu/hr ,
wher eas the therma l value of the fuel burned wa~ 1( 9 x
i~~
6 B tu /h r . In the case of the ‘IF- 30 , 124 x 10 0 Btu ~asa b s o r b e d  b - t he  ~ a t e r ’ w h i l e  t h e  f u e l  v alue was I -19 x 106

B t u / h r  . The thermal v a l u e  of t h e  f u e l  ‘ urned was 592 x
106 B tu / h r .

‘I’he r e l a t i o n s h i p of heat a b s o rb e d  by  t h e  s c r u b b e r  and
temperature of exhaust gas with thrust is indicated in
Fi g u re  9 - 1  . The temperature of t h e  s c r ub b e r  e x h a u s t
is  cons  t a n t  up to  a t h e r m a l  load  of  10 ( 1  , 00 0 , 000 B t u / h r
beyond this , t h e  e x h a u s t  aas  t e m p e r a t u r e  rose to a cal -
c u l - m t e d  ma x imum of 125 °F (:i~-era ge) a’- afterburner mode ,
at a therma l load of  4 3 7 , 000  ,00i) St a hi’ . The observed
effluent gas temperatur e at t h e  bottom of the scrubber
at  t h e  s o u t h  end o f  t h e  scrubber w a s  measured to  lie
150 ° F t o  1 n O °F .  ‘I ’he b e h a v i o r  o f  t h e  c r o s s  f l o w  mechan-
i sm w ou l d  pro ject a gas t e m n p e r a t u r e  i n  t h e  r a n g e  of
135 °F to 150°F a t  t h i s  e f f l u e n t  p o i n t .  The d e v i a t  i o n
is b e l i e v e d  to  h ave been  ca used by  s ev e r e  ma I i i  s t r i a t i o n
of g a s  effluent in  the test c e l l  stack w i t h  the ma j orit ”
of the gas flowi rig throug h the sout h end of  t h e  s t a c k .
A u imp l i ed con f i r m a t i on  of thi s p h e n o m e n o n i s  i m d i  c ate d
i n  t h e  v i  s ua 1 ohs  e r ca  t ions s e c t i o n  — (9 . 9 . 2 ) 

, wh ere in
baffles phi L ed i n  the s t a c k  to  m m m i  :e the ma i d i  s t r i b u —
t i o n were f o un d  to have been subjected to veloc it ies i n
the 300 ft/sec range a 1 thoug h the “av e r a ge ’’ cc i o c i  t v
should he in the 50 ft/sec range.

9 .5  The p r e ss u r e  dr op t h r o u g h the scrubber w a s  originall y
es t ima t ed i n d e s i gn to achieve a m a x i m u m  o f  I - b  i n . w .g.
d u r i n g  af te r b u r n e r  ope rat ion . ~4easurement of t h e  static
p r e s s u r e  i n s i d e  t h e  s c i -u b b e r , e q u a l  t o  t h e  p r e s s u r e  d rop
throug h the packed sect ion , wa s comp licated hr the con-
s e n s a t i o n  of  w a t e r  in t h e  t r a n s f e r  l i n e s  to  t h e  manometer , 

- --~~~ 
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9 . 5 ( L o n t  i m i n e d )

e s p e c i a l l y  in mi Ii t a r  and  a f t e r b u r n e r  modes  . Read-
i n g s  as hi gh as 12 in .w .g . were  re c orded  bu t were
q u e s t i o n a b l e  b e c au s e  of conden sa ti on in  t h e  lead lines.
In  t h e  case  of t h e  J - 7 t )  eng ine  t e s t , r e l i a b l e  read-
ings up to 1 in .w.g . were measured up to a thrust of
6000 11). Subsequen t tests made by m i l i t a r y  c onditions
f o r  the  J — 7 9  and  TF -30  w e r e  “aver aged” b y m an i f o l d i ng
t h e  p robes  at  6 p o i n t s  a l o n g  t h e  l e n g t h  of t h e  s c r u b b e r
w i t h  l e a d  l i n e s  at the s a m e  l e v e l  of  t h e  probes. -~ t
mi i i t a ry  , t h e  p r e s s u r e  d r o p  t h r o u g h t h e  s c r u b b e r  was
f o u n d  to  r ang e f r o m  0 . 8  i n . w . g .  t o  1 . 1  i n .w .g. fo r
b o t h  t h e  J —  ‘9 and  T F —  30 .

9 .6 I ’he g a s  f l o w  t h r o u g h t he  s c r u b b e r  w ,~s c a l c u l a t e d  by
the application of augmentation dat a oh t - i i n e d  h r  \-\RF
p e r s  on n e  1 p r  I or to i nsta i 1 at ion of t he scrubber . One
test made subsequent to the i n s t a l l a t i o n  i n d i c a t e s  a
i - e d u c t  i o n  in  a u g m e n t a t i o n  f o r  the Tb— SI ) in mii i i i  tar y m ode
f r o m  0 . o 0 . 39 . l b  is  w o u l d  rep r o s e n  t a 1 2 %  r ed uc t i on
I n flow as es t m a  t e d  in T A B L E  7 —  1 . I m ia smu ch i s  augment a -
t ion  d at  a wet - c o n l y  acqu  i red by 5~\h I f o r  n i l  i t a r s ’  amid
a f t e r h u m - n e r  m o d e s  , a n a l y s i s  of f l o w s  w e r e  c a l c u l a t e d  f o r
these conditions .

\s a r e s u l t  o f  i n s t a l l a t i o n  of the new augmentor , f i o w s
w e r e  s u b s t : i n t i a l l v  reduced fi-om that occu ring with c o n —
vc ’ntion :t l ;mugme m i tor desi gn. [li e stud y of effect on gas
f l o w s  by t h e  T F 5 I  a u g m n e n t o r  is  i n d i c a t e d  i n  C h a p te r -  5 .
The e f f e c t  of r e d u c e d  a u g m e n t a t i o n  f l o w  r e s u l t e d  in  t h e
d e c r e as e  i n  p r e s s u re  drop in the scm -ubher and a r e d u c t  ion
in  t h e  c o i  r e c t  i on gas  f l o w  G / - ~ in  l b /  ( h r )  f t  2 ) f r o m  2 , 2 6 0
p rojected to I ,530 actual , a d e c r e a s e  of 1 9 %  in m a s s  l o a d .

F The gas f l o w s  i n  lb/sec at augmentation levels measured
by \ -\[t F are indicated i ri TABLE 9— 1

Tb’ g a s  flow s to  t h e  scrubber from the stack ranged from
1 ( 0  , ) 10 1) 1 ~i 1-80 ,000 ACF~’1 at m a x  i mum d e m a n d  c o n d i t  i o n s  and
g a s em i ss  i in f r o m  the sc r i m b b e i -  r a n g e d  up to  3S8 , 00 0 ,- \C FM
t h e  ma -~ i mn m ’ o c c u r r i n g  a t  I F — 3 0 , m i i i  t a r s ’  mode. ;\lthough
t h e r e  ; i p p L -~i r s  to  be a max i m im um of  -100 , 0 0 i )  \~ VI  e x ha u s t  at
J-T 9 \8  mode , t h i s  i s  b e l i e v e d  t o  lie i n c o r r e c t  b e c a u s e  of
o f  £1 uem i t e np e r a  t u i - e s  i t  t h e  ma l i i  s t  r i b u  t ion ma~ i m u m  f l ow

__________ -J
—i— ar  - 

- -
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9 . tm (Cont i miu~ d

~~0 1 n i t  a r i d  a t  t h e  I ow r SCL V t ion of t h e sc r-ubb e r .
i n i l  c a t  ci i n Se c t  i on 9 - I * t h e  ca I c i i  I a t  od ave ra g e
e f f l u e n t  g i s  t empe r a~ -ir c it  th o s e c o n d i t i o n s  i~ 12 5 ° F
r a t h e r  t h i n  th e - l S i ) ° 1 - i nt ) °F n i e : m s t i r e I an d  that t h e
e f f l u e n t  I I  ow i s o f  t h e  orde F - 1 2-90 , ) 0  0 \L F ’ )

Op~ r a t  1 h g  cond  i t I 0115 fo r t he sc r a h b e  r , t lie re m ore  , i i i  -

d i  c a t  e t l~ i t  t h e  m m  i mu m g a s  f l o w s  a i-c eqi r i va 1 eat t o  a
c ’r rc ct ed ma ~s l o w o f  G / -  1 5 ~ ()  - i t  i n i l  ~- t  and I , n I n
a t  o u t  l e t  , bo t a I u es  w e 1 1 ‘ :j  t I: i n  t l i e  c m  pac  i t v o f t he
h 1 : ~~I se c i Pher

1 he cc l e e  t t  
~ 

of t u e  e ff1 i en t  g a s  i r m i r i m  lie s c rubbc r
rim mige d up t o ap p  ro x i i m iim t e lv 0 f j - s ace r i  ge i t  m i x  i m nm ; rm
ope r m  : m g  cond I t i o n s

9 . [he wa t e r 1’ 1 ow o t l i e  sc rubbe r ’ ranged nj - t a S 3( 1 1 C
15~ en t v - f I cc pe rcen t o f t h i s flo w was d I cc r ted t o f a c e
spra y s i n  o r d e r  t o  p r o t e c t  t h e  p i c k i n g  a n d  s u p p o r t  g r i d s
i i - r n  ‘ ‘h o t  s p o t  t m u g .  ‘ ‘l’hie rena ade r ( 5 - S i ) % )  o f  f l ow
w i  s used f o r  i i-r I g u t  i on of  t lie p a c  k i  r i g  . [he ir r i ga t i in
of the pack j i g  was thu s i i  * ~09 I li/ (hr (ft 2 i t  ma x 11111mm
comi d I t I

St m b 1 e 1 i qu  I l o w  op e rat ion occur red C’ xcc ’ ~ t f o r  I I -  - 3 ) )
111 1 1 i t ;t r v  and  1 - 

- 
~) m f ’  e r b u  r u e :  cond it i ens . h i r I rig t lie se

o p e r a )  i rig c o n d i t i o n s , cons  i~~e r : i b l o  o v e r f l o w  o c c u r r e d
f rem t l ie s i d e s  o f  the wa t er 5 ump . [he phcri rienon 1 s
N. f 1 cc t i cc of  an  i n a L I C ’ q n m c  v of  t l i e  m pp  ro m e  h i a r i g  I c  o f
t h e  pac ~ ci sect i on a n d  m a i d  i s t  r i but I on of gas flow.
I l ie  m m i g  I c o f  the packed facc to the ye I i c  1 1 s -I ° 1 (i
wit Ii a I - i t  e ~

- , i  1 d i s p i t e  emen t o f  the hot t om a f t h e  f a c e  t 0

t he top a I t i e  f a c e  o f  1 . 33 f t  . bs i- rva t i on  o f s I di
o ye r I l o w  I rid i c - i t  es t h at  t he  w at e r e .~ i t s r ’ r u rn t lie
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9 . 7  ( f o n t  inueT )

o u t s i d e  f a c e  at a l e v e l  of  2 ’ - S ’  above t h e  b t t o m m i
s u p p o r t  p m t  ~ . I l u s  , t he  I ate ra  I d i  sp I a c e m e n t should
h av e been  2 ’  o ’’ r - i t h c r  than 1 ‘ - 1 - ’  w i t h t h~ - ang le of
a t t a c k  of  - 9 ° .

9 . 8 l r v a l u r i t i o r i  was nri m d e  of  t h e  w a t e r  l i r il a nce i n  t h e  system .
[he h a s  i s  f o r  the ev aluat I on was t he  w r i t e r  c o n t e n t  o f
t h e  gas  e n t e r i n g  t h e  scrubber (quench w at e r evap i-at ion
rind time w riter c o n t e n t  of  t h e  gas  leaving t h e  ~c r u b l i e r .
The d i  f f e  i- e r i c  e m s t lie make - ~ip w a t e r  r o q u  i r ed  f o r  s c r i b  -

h e r  operation (TABl E 9- 2 ) , am i d does  r i o t  include the
c o o l i n g  t o w e r  l o s s e s .  1 he  make-u p l o s s e s  i c C - r i ’ as f i t
lo ws

T A B L E  9 - 2

I o ~~’ (
V 

Fresh i\ rr t , ’r in Augm ent or - Sc rubb er -

1-ia t e r
\e t L o s s  P e r c e n t  o f ~uenclr 1erc eu t Ce ev e  r c

-___________ —- 
Requ ‘L ~~~±1~~L _~~ 

ol  gaie nch a t e r

J - 7 9 ‘-H I 68 15 -52

J -  ~~) \!in 100 23
— ‘S

1 -  ‘9 “ lix 204 21 — - 9
‘(p1 1

I F —  3 ))  ~I i i  U i  21

(‘ I  culru t ed from I lie tun a! Ba I m i e c

.- \ P l ’ b  A R \~\~ ‘ j~ \1 r 1 , R  O PER \ [ I J N

9 . 9 . 1  I n s p e c t  i o n  of t he  scrubber suh ise que m i t to  t h e  i n i t i a l
runs  I n i l  ca ted no ic t or  i o r a t  i on o f  c omnp on c n  t s . 1 l ie
p r i c k i n g  f i c i n g  t h e  s t a c k  e x h a u s t  s ec t  i o n  h a d  ri c o a t i n g

_ _ _ _ _ _ _ _ _ _ _ _- - -‘ - - - —~~- - ~~~~~~~~~~~~~~~~~~~
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9 . 9 . I L o r t i . ’d (

of  en rbom r amid a p p e r m  r ed  m o r e  t i - an s  I u i c e n i  t t ha ir when or  -

I g I m um 1 1 e p 1 i c e d  i i i  t h e  sc rubbC ’ r . I t w ~~ m a  t e d  t I r a
ho t I m  t l i e  g m~ i t i n  u,

~ and t i C ’ p ae C I r i g  on t h u  i ’ son  t hr C ’ 1 1 1  o f
l ie  sc r r d he  r w e ’r e  L i m r k e  r t hai r t I r e ’  5C ’ -~ t I en s  it t he n o n

c u d  i nil  i c a t  i r ig  ma ICI  i s t n  li n t i o n i n  t l ie  sc r i :  - l i e  r’ a t Ii
ii i g I n ’  r f l o w s  c c c i i  r r  i r ig  r i t me  s e n t  1 e n d

9 .~~) . 2 1 pc h a t  f l e s  w- ~re I m i s t  i i  led m t  I l i e  S O I l )  I r ( ‘bi d i t  Ire
t op of t h i ’ st  ~mc C i n  o r d c i  1 o r d  i s t  r I b um I e t he’ f I ur\  5

I - I g r i t - c  S - 2 ( . I n  i t I a  I I y , s o m e  o f h i e s  e b a f f 1  es a rL
i p p e d  f r o n r i  t Ir e s t a i m i l e s s  s C e  I l i e  I t  s i rd i c i t  i r ig  t l i - i
b e e ’ a C’ re C’ x p o s C ’d t o cc I oc i t i e  s f r i  r 1 m m  e ’x ce  55 C) f 1 hat

P r o  l e e t e  LI i n  d i s I gn

[ h i  Ii a f 1 ow o f S O t )  , t m ) ) )  Ac : VI a f t  C ’ r - r i  -~ r i  e l m  . I hi ’ ‘rice r’ -

age ’ \ e lee  i t  ~~ 
r~~ b r ) i i  - si n e  C e. n - c  52  f i  ~ see

e ;isiil i’r ;it oi l  of ‘me s r in d , i t t e r r m r a ~ a: w i t s  o e c r r i - r i ; m g
50 ,’ o f  t lie c r o s s  s~ ’c t m r n  am i d n c  sina i m i t h i , i  I t i e  e~,\ p r i n t s  c m i
occ u r s  s u i b s e j u e n i t t o  ~u m s s m g c  t h i F O n i c h  the’ sound n i t  t e n -
ii ri t I 011 - ri I t s , h r C’ P m cc rn  h e ’’ cC I cc t e’ a o a 1 !  l i i  I ( 4  f t  / S i C

I ni s pee t i on ii I 1 he lii ff1 C’s i r i d  i en  I e 11 ° iC’ aS s  i n I / -l

I rich h o  I t s  air - I t e r r I  m i g  o f  I / - I ” t l i i  c C  - C F  w a l l s .  1 I re
f o  nec  c’s I I ala I od t o m c l i  I cv  e t Ii I 5 p 1 e n o i r r e r i o r i  I 5 0 f I I C

ceder f S t  t e 100 I u s  . Or  1 -1 - l O e l l i i i  I e eC ’ o
p i po t 1 m s o j u  i c r 1  I e n  t t o  50 to 0 ) )  1 1 )  / ft - r ,  i t  In f i r  I i
l i e n S  e o n  t m ’ rs  I O r  [he cc 1cc 1 t ~ requ I n’ ed t o o r o d i m e e ’ t I m  I s
f o r c e  . i f f r i  I I y c o n c e r t e d  t~~ a lie~m - l l os s • - e r r  I d  h e  o f
the iiI r m g m i i I he of Sot) 1I’S J

) . 3 .\ I th r ough t l ie  so c  II w as or  i g I r io 1 1 ~ 1 I g I r t  g r e e n  * I l ie
r o o f  m r id  c I di ’ ic r i 1 1 ,i re m s bC t mci e rr t i C ’ pa e C ed :o n e ’ 011 ( 1
the s t n i c k  w e r e  c o i t e d  w i t h  can n o n d e p o s i t i o n  a f t e r

h r i C C  C i  l i e  nuns . I I i i ’  n c - a r m  i mi d e r o f t i e  s lie 1 1 am id

~r a 1 1 mc I r ig s -~e n- - on I r s 1 1 g h i  t lv d 1 n t  c a f t  e n ’ 2 m o n  i b i s  ~ f
(j i’ m u t  i on

L .
~~~~~
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( u . 1 luring ope ’r t I on up t o  thrusts ci’ 5000 bb s , t h e  s t  r i c k
err i 1 ss r oil t e r m s  mc 1 sp ;  w m t Ii n m cC ’ rv I cu e exhaust cc I oc i t  ~n ip p e  r mt ’ n mnlc e’ . ,-\t m l  1 1 t a r e  mode  , t h e  e (unlmn i t  v of  s t  C m : : .
r n t lie exhaust 

~ 
n o j  cc t e d  as  m u n ch  as 2i  f e e t  . I ni t i r e

case of  t h e ’ TF - 30 d u m ~ i r ig m m i i i  I t ni ny m o d e  , me nit er f I cu e eel
I r e a m  t lie 1 0lC~’ r se c t  i o t i s  o f h o t  li s i d e s  o I t lie sc rulili e r
t O  :1 lie 1 g u t  r a n g  i r i g  f r o m  I to  2 fC ’ i’ t . I n  t I r e  cr 1 se o f
t l ie  ~J - 79 hi i s p i r e  n i o r m i e n i o n  w I s  cc  i d e l i  i omi  I y C l u r  i r i g  a I -

e n h  ii  r u l e ’ n ’ F L ’ g m mime

li a r rig t I r e  a f t c  nhmm m ’ n e r ope n i t  i on * the St e’nirr p 1 rime Pe~ 
-

cooed ms arreb ~ms 300 feet before i t  d I s s i p n n t c -d . I r rmc e s
of r- - s i d~~n i I tee i ’ ’ OPS C ’ rc~nb Ic  h r .t not on ni con s I st emi t bni -

s I 5 . I l ~ ri’s I d nu ~m I a n i s  i i  g li t ic ’ 1 1 or ; i n c o l o r

-
____ 

- -
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PE RI -  e’IA\ CF : A u gm cut i’

1 0 . 1  \ ‘ l S I , b , -\! , :

T I I C ’ p e t -  Ic r r : m a n i c e  o f  t lie nilu gi r m ent cr  te it Ii 1 I r scoop r e ” l ’ V C  d
t e r n  s oh served l iv bot  ii N a v e  a n d  ‘Fl - S I j ie  rs cnr nie I . Th e m a r l . \ I
un m a n se st en de imm and occu n nC ’d d i i  n i r ig  t c -st of t P c ’ 1 - — 1 m i
.\/B . I t t e a s  o b s e r v e d  t h n i t  l i i i -  l e t  c x h n i m n c t  f l n m i a c - opt ica n
d’ LI t o Ii 1 1 the emi t i re vent mm r I t hn Le m I . be -  f m n s t  s p r a y
n I rig t h n i I n i p p e n i  i -ed to jienet rat c t hi ’ I et connp I i’ te 1 y at
low er em i g i rue ’  r~u t e  b e n t  I rite the .1 i t :m t , m d i  anne t i n  o f  a -

pro x i mate 1 v 1 - 1/ 2  f e e t  m t  n i l  I i t  a r v  r a t e s  . [he u - e v e  I e
p h e n o m e n o n  te n s q m r i  t e  p r o n o u n c e d  at \ - ‘R op e r ni t i o n .  I t
h i end ed m~ 1 t h  t he V I C t  n i t  the t r n  I I  i ri g c’dge ’  o f  t l ie c o n v e n t  -

i r ig  s e c t  I c m i  o I t lie ’ \ C ’n t l i  r u , ni mi il t e rm t r d n i  i i I c i  r ec i c  I e
terms o h s erc r m bli ’ .

‘[lie me ’ s i dun I cci re o I t he ct  c x  h a n  su b s  e r u e n t  t o  i he
pr i a rm i’V sp  rn  Y n u p p en i neil to be I ’ ’  to 1’’ i m i L I I  u r i C ’ t e i ’  . ‘I lium s
I t she  ul  d h n i v C ’ di ss I pat i’d in S I eel t c I) Ie t . I b i n  s o n i c  Ii
is I he d l  s t m i c e  ti - nicer - s C’d to t he ci n i ’ h a  ct er t e rms on 1
feet , r e s i d r i . m l  j e t  c o n -  e x i s t e d  rut t h i s  o s u t i o m i .

1 0.  2 ‘- l I L l I AN k -U,:

‘[li e a t n g m n e m i t c r  s v s t e r : I  did m mcl n n p j i e m i -  t o  lie o v e r s t  cessce l .
\o ‘nhe 1 1 or iii t e r u i n  1 v i b r a t  i n s  0 C’ F L -  no t i e cab I e

Fri 1 1 1 1  FC d I d o c c u i r  on the cone him s t e n S l l j i ~~O Ft lug st i-tnt 5
he’c ause of  I mic omn p I c’ I c d I ss i pa t i on o I t h~’ e t core ri n d
I ac C o I p i-n tee - t I e r r  o I t he’ st ru t  s . ‘[he hot :oni e w a s  nip —
p i i X 1 nun t e I v 2 u uclie’ me i ile nit t lie ru I n  nc ni rca , i nil cal -

1 rig t hat I he r - ’ i d u n  1 co I C ’  nit I h I  s 
~0 h i t  a r m s  ajipro xi n u n t C —

0 1 nc lie’s I n di umnm et er and meou I d I i  ss i pat e i n app rex i —
arm t e l  v - 1 - 1/ 2  feet

1 0 . S IJ 1J~
Na t h e  i-n t , 1 d nu nnng i ’ a nm s v 1 s lb I e to n mn v jior ’ l I on i 0 1 t lie , j j  -

ma c ni t em ’ . Some d i  SCO l o  rn t i on term s l i t  eel , m  t I he \ C ’t1 liii’
t him oat a rid n u Pen red t o  he ca in sed liv m m d  i nn t i err rather
t hu n t c o m i \ C ’c t n o n

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~
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Chap ter 10

10 . -I ~IlS\~ IJ Rl :~h l N [S

Pcrfoi-mance da tu m a- c r- c o b t a i n e d  by N a v y  j i e n s o n n e ’l w i t h  the
f o l l o w i n g  eng i n e s

J - s 2
J - 7 9  Th r om a g h i  .A / B

i F -  30

I)a ta ieei - e o h t n m . i ned :15 follows :

I — h n i t e r  e on s um p t ion

2 - A u g m e n t r i t i o n

3 - ‘F e m p e r a t u r e  p r o f i l e s  i n  s t r m c k

4 - V e l o c  i tv  p r o f  i l e s  in s tac k

1 0 . 4 . 1  h ’A ’FL R ~~ N~ tJ~IPT 1CN

The lim it ing test for w riter ciinsm impt ion was based on
t h e  J — 79 i n  A/B mode . Based  an fuel con sumpt  ion r i nd
t o t a l  e n t h a l p y  ( t h e r m a l  + k i n e t i c  equivalent), the
e x h a u s t  j e t  e n t ha l py  i s  o f  t h e ’  o t - d e r -  of  1 7 0 , 000 B t t i /
see.

‘I’he coni t i- i bi in t  ion of t h e  enth ;m i py o f a l i g m e r i t a t  i o n  nm ir -
is r e l n m t i v e l v  low.

Therm i m a I Con t i ’ i bu t  i o n
\ n l g m e n t a  t i o n  to  t h e  L x h a u s t

Ra t i o  B tu/ se c

0 . 5  I 5 ’~’5

1. 11 3 15( 1

2 . 0  ( - 3 0 0

3.0 9 4 5 0
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Chapter 10

1 0 . 4 . 1  I~- \TER CON SI J t s IP ’ l ’ I ON (Continued )

The C ) u O l i L  Ii wnm t er  I ccii r a t e  p r o  t’ idl ed fe m r 1 hi 1 s
max i m m i t mm m i dint e’ te rms ca 1 c it  lni ted t i  he 950 (I ~ I
I ) e ’L I g m i  f o r -  I mc S vs tenni wa S es t uib 1 i shed at ( 50
G I M  fou t lie pr ima mc r I ng quench and 500 CI~4
Ion sec  onel nin e ’ que n c h , e i t h e m  a t t lie d i  v erg —

ing :one of t i r e ven -m t un i oi nit the c ore  b u s t e r .

No s I gn I f I c n n  t dot n i acre oh t n i l  ned mci  t ii r e g n u  i’d
t o  seeV o n d ,~u r v  qu e n c h  u n t i l  pump a d j u s t m e n t s  w e r e
trade . Burnout of the core buster vane’s occ V u r m e d

p ri on to  pu nim p cor u -ecti 00.

11) . -) . AUL’IFN 1’ \ [I m N

l’h e degree 1)1 e’ x t e  m a  I a u g m u t e n t  a t  I on i ni one p liys I —

cn i 1 on  I c’ ni t at I on of  the [P SI ’  a ur grni c’n ten is compared
w i th those i- a I ues oh t i i i  n ed  te I t l i  I h e  p i ’ i ’i’ 1 OU S 1 \ ‘

m,ised 48°l ’u amid 7 2 ’ l o r e  lug conic’ ni ugu r u e miter. The
do t:m on th ’m e conv entional a li g n ment en’ w e u i ’ obtn m I n e d
by NAR F . ‘[li e ~l r m t a on t he ‘l ’ L S b ’ n i t i g m u i e n  t er were oh —

t ui ne’Ll arid supp i i  eel b e ’ N,-\RF ne m t h i [LS I P - ’ F S O f l f l C  1
present u n sornic of the runs

!‘hc n’cdmcc t I ons in niugmen t n i t I on n m cb ’m I eyed ic I t hi t lie
‘11, 5 I un in cum u en t em wei’c

[ABI , I. 1 0 - i

RLI)IJ (’’l’ I Lm\ I N \IJC t h iN l - VI ’ j u i\

\lzgmen tat i on
Ratio ‘\. P e r c e n t

[m ci t m m  I 1 ”in ntl Redact i on Renunt i’ks

0 0 . c ‘u (i 
— 

~o lot’ t he
5 -  ‘ t) i n  A / R

il  ‘me ~‘ * ) ‘ - -

1 . 2 1 11 , 02  50% for’ the ‘ C ‘ L

I F  - So ~ ~ 
cone terms used n nr o hi
ni u grim e’ m iter

1,)) 1.3 3 30°c foi the
4 - 5 2  i n  MU.

2 . 12 1) . 3)~ 8 2 0o for the (~‘here 72 “1) f o r c i n g
[ I _ S O  i n  M t  I. eer ie  t e a s  u r s c d  i n  o l d

au gn nrcn  t e i ’  nm nid 30 ’’
hirm - ,m I wor n-, 115Cc1 i i i  t Ii~

I F S  I Un i
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Chap ter 10

10. 4 .2 (Con tir ’mu ,ie d ’)

The d i f f e r enrc e s i n  e f f e c t  a r e  n u s c r i b i c ’d to  t h e  c h a n g e
in the ratio of the aug n nent nm t ion area to th ’me exhaust
a r ea ( ‘l’ ,-\BI,I - 3 ) . A proposed so lu rt ion is to have
a car l able throat di amete’r. h owever , this teas not
necessn m rv in t h e Black Point inst n m i Lit ion inas m uch
n ms the 1 imit ing fac tor’s in t h e  desi gn of the scrub-
her svsten i w e r e  t h e  l a r g e s t  eng i n e  and  the f l o w s  re-
1 at eel to its I-c rfo i-mam ice , uri c! t h e ’  nri in i mru um tennpe m u  -

ture of t h e  cort ul ’ I n e d  st renmm o1 et exhaust and amag-
mn entat len t n m in. Both tee’ r’ e nm i l c i j u i a i e

Data sm i h n nr itte d verbal lv by N \RI - I nil i c a t e d  t h a t  t h e
re’cycle velocit y in the annm ,m l tn s i s 100 fps. If thi s
flow returned to the vennm comi t rrmct n u of the e-enturi *it woul d create an int e rminm l rm mmgmni e’ntnmt i on of app roxu-
nun tel y 0 . 0 . -\s a i-c sul t * t i m e ’  t o t  a I g n m seotn s nmug m en i t a —

t io n in the , J— 79 w o u l d  be of t h e  order of 1 .1 to 1 .2.
h o weve r , w ith recycle bla n ked off , no si gni licant
c h a n ge in external au gmentnmt i on te nt s o b s e r v e d  i n d i c n m t -
ing that no si gni ficant recycle returned to the vena
coot rnm cta.

The bounce spray effect proj cc ted arid ilesc r flied in
the inii t i n m l study (Contract No. \o 2— 4o 7-7 0-C - 0 07S ,
pp. 20—2 1) t eas  ob served to operate via ent mn m intm cn t
e n m m r v ol the rec ” clc gnu s into the thi r c i :mt of the yen-
turi ni r i-anige mn ent , It is PcI i e v e d  that this phenome-
non contributed to the re d uctio n in augmentation air
11 ~i IC

It i s  p o s s I b l e  , ba sed on the exper I i’ncc gnu m e d  in
the tc’st program , t h a t  fui- t h ie r  reduction i n atrgni emita—
t io n r u m  v he a c h i e v e d  b y :

I - ,-\ r m m  r i g  i rig ri’c n--c 1 c a i n flow into tire yen t Ui’ I
I lu - on t

2 - l)ccr ’,m s i ng the recycle scoop-baffle diameter
a i t  h e lm C C  t o I’ n ni c m enu si rig t he rec n - c’ I c  augment

n i t i oil

3 - Inje ct ing water d i r e c t l y  int o the recycle an-
nul ti s to inc i- e nm s c the qu Int i t v  of bounce
spr nl v - flash.

I t should he noted that mere add i t  ion of water to

4— - - --  — _~~_ __j~ _ _ _ _ ~~ :_L _
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‘I
10.4.2 (Con tinued)

the spray section will not , in i t sc1f , decrease aug-
men tation significantl y. This can be obs erved in
TABLE 5-3 where water injection was  used  in t he
TF- 30 and the J-79 military reg ime . These tests ,
run to c o n f i r m  the  m a t h e m a t i c a l  m o d e l  s u b m i t t e d  in
the  p 1’el i m i n a r v  s t ud y ,  inch c a t e d  a r e d u c t i o n  in n m i i g -
men ta tion of onl y 8 .5% for the T b - S I )  and :ero fo r
the ~J-79. For water to decrease atng mn re n i t nmtion , it
mus t be fed nut the thronit. The reeve Ic nn r ec l rn n n isrn
can  a c h i e v e  t h i s  w i t h  m l  n i m u , mm j ) 055  i i i i l  i t y  o f  c ea t e r
c o n t a c t  w i t h  the  e n g i n e .

10. 4 . 3 TIiMI IiRATtJR [ PROF I Lb - V I i L O C I ’I ’Y P R O P T  Lb

‘l’he da tum taken for the TF-30 and J-79 regar d irm g
temperature and velocit y di str ihut io n front the stack
a r e  p l o t t e d  in F i gure s 1 0- 1 ri n d 1 0- 2 . In the case
of t h e  T F - 3 0 , t h e  t e m p e r a t u r e ’  and  v e ’ l o c i t v  p r o f i l e s
n m r c  c o n s i s t e n t  f o r  t h e  t h r e e  I ni t  I t u e l  i n a l  h a n d s  and
n u p p n m r c n t  ly  f o l l ow  a d i s t r i h i m t  i o n  e s t n u h l  i shed by the
f o u r  b a f f l e s  a t  the  b o t t o m  o f  t h e  s t a c k .  The f i r s t
b a f f l e  r e q c n i r e s  too  h i  g hi an  n n n g l  e ~ f t u r n ari d is lo -
cn it e’ cI too high to cmi tic n m 1 ly n m fleet flow . The p o i n t
temper at u r e s  app nu r en t l n-- a r ’ -’ m e lnm ted to the point e el -

oc i t ic s :m nd the b a f f l e  p o s i t i o n .  T e m p e r ’ at u r e s  de-
c r e a s e  w i t h  v e l o c  i t n - ’  c e i t h i n i  a spec i l i e  b a f f l e  p o s i  -

t i o n  ( F i g i n r e  1 0- 1 )  and i n  nu d i r e c t  r e l a t i o n sh i p iii
p o s i t i o n s  1- 8 , bu t  in  a t o t a l l y  i l i f f e i c n t  direct tc-
l a t  i o n s h i p in  p o s i t i o n s  9 rind 1 0 (Fi gure 1 0-2 )
T h e s e  p l o t s  i n d i c a t e  the  t e m p e r a t e  -‘ ma ldistributio n i
may no t at all be related to thie m i x i n g  in t he ’ aug-
menter hut the mode of tem lierature n t e r m s u r e m e n t

In the ca se of the J-79 data (Fi gure 10-2 1 , the
s p r e a d  o f  t h e  d a t a  i s  f n i r g r e m t e r -  t h a n  t h a t  o b s e r v e d
f o r  t h e ’  - r b — S O .  Ag a in , the nu nom nil ous behavior nut
p o s i t i o n s  9 and 10 Ire e v i d e n t . -‘un i n v e r s e  t yj i c  of
r e l a t i o n s h i p of t e m p e r a t u r e  and v e l o c i t y  o c c u r i n
p o s i t i o n s  1- 5 .  h !otecv er , t h e  s c a t t e r  of h ioth v e l o c i t y
and  t c m p e m n m t u r c  i s  too g r e n u t  t o  p ro c i d c  ann - ’  j i u t  t e r n
nit p o s i t i o n s  6-8.

T h ’  p l o t  of  t e m p e r a t u r e  v s .  v e l o c i t y  r e p r e s e n t s  oj i l y
l a t i t u d e  A .  The a n o m a l y  o f  p o s i t i o n s  9 a n d  10 a re
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PAR ’I ’ I I I
Ch nu p ter 10

10.4 . 3 (Continued)

are , n m g a i n , q u i t e  e c - i d e n t .  B u r t  e x c e p t  f o r  one  and
p o s s i h i l y t w o  p o i n t s , ii r e l a t i o n sh i p o f  t e m p e r n m t u r e
n ind y e’ I oc i t v a p p e a r s  to cx  i st

‘i b i s  r e m i t  i o n s h i p of  t e m p e r a t u r e  ri n d veloc I t n -  ma
r e s u l t  f ron t  t he  e x i s t e n c e  of  emi t m l  i ned m e r i t  i n .  ‘h ’he
go ses a i-c h i g h ly  h u m i d  i f i  eel , ht u , mt  n o t  m i i i H run I v
ami d t lie t enrpe ra t iu r e  i-ce o r d e’d ma o y lie a to m um o I w e t
htm l Ii that is hi gh lv  r e s p o ns  ire to y e I cc i t n- , ni mi ch riot
r e f l e c t i v e ’ of  t h e  t r u e  te n u i p e r ’ nm t u m n i ’ o f  t h e  s t r e n m n r r .
I t  1 s evident in these pro I ii e 5 t lint t io~I i Ii ca t ion
of t h e  existing baffles he uini h ert nik e ’ni i n  o r d e r  to
pr ec  1 u d e ’  t lie nunomn i 1 ous  b e h n u  c - i  or’ n i t  1i0 S I t i on s 9 n m n d
10 a n d  to n r u i n i m i  :e v a r i n u t  i o n  i n  f l o t e .

It ten t s n o t e d  by  N ,-’u R F — , J ,\X t h i a t  du i r - i ni g m u n i x  i m n u m u r  A / B
mode in J-79 test , a tempernut ui re greater tha n lSOO ° Ir
tent s menu  s u m r ed  nm t the nix i s clown s i-eni m iu of the ‘IFS I a u ng—
m nc n t e r. Based on t e m n p e r r m t u n r e s  nni e’n u s u r e d  n i t  v n m m i o u n s
m ad ju l distances , it t e a s  e s t  i m n n i t e d  t h i n u  t t h e  core  i s
a ma x i m n mt uu n of 6’’ in dirmme ’ter and , the me fo r-c , repre-
sents between 5~ and l5~ of  t h e  f l o t e . D i s s i p n m t i o n
of th ’ui s core before the b a f f l e  s e c t  i o n  m u s t  1’ri ’d o m lt -
innm t e h ie ’ c n u u s e  o f  t h e  n o m m n n u l hi n ’ e n u k u i p  n m e c l i a n i s m .

1 0 . 4 . 1  LNGIN [ STATUS

01 s i g n i  f i c n m n t  c o m i c e m n  t o  both NARF nu mi d TIiSI person-
n e l  a r m s  t h e  p o s s i b l e  effect of the niugmem itci ’ on cm i —
o i n c  PC’ r fo  r m a n c e  . In  i t  hi I d n u t ni c o m u p a r e d  iei t Ii co r re  —

I n i t  i o n  r u i n s  i n  t h e  t e s t  cc 11 u n n d e r  C ’ v n i  1 u ni t ion  ( l A X
B I n i c k  P c i  n it  I )  inch I c a t e d  rio o l i s e r v a h i l c c- r i m ’  i a t  i ens

m n  t h e  n i - I n u t i o n s h i p s o f :

1- 1: _ S O , - 5 - 5 2  Fn/Y [2 (‘l ’hir -us t) ( F i g s  1 0 — 3 , 1 0 — 4 1

I - i n ~~30 , . J - 5 2  \ 7/ ~~~ l~ ( R b ” -I )  ( F i g s  1 0 - 3 , 10- -fl

-r I :~~3o 
~~I n / ~~~~~~~~l~~ 

(I r u r el IF i g 10-3 1
H ot e )

[F - 3 0  T,K o l n /  , ( l x h i ; u u s t  ( m i g  1 0 - 3 1
( ‘a s
T ern p 1

— ——-——- — ---- — _ — 
- - -
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PART I I I
C h a p t e r  10

10 .4.4 (Continued)

Sonrie devin m tion teas noted in ,J- S2 pcrfo mmmi ancc with
the ‘LEST augmenter (Fi g. 10-5). I)a tru for J-79
ch arn ieteristics were transm itted to Genera l Electric
Compn i mt~~. In a l e t t e r  da ted i S  , J a n u a r y  1971  f r o m
G e n e r a l  E l e c t r i c  ( E x h i b i t  F i g .  1 0 - 6 ) ,  i t  was indicat-
ed “tha t the internal eng im i e p e r  f o r m n u n i n c e  d i d  no t
cha n ge (for test dates shown ) .

The c o r r e l a t i o n  c eu r v e  t rami smi  t t ed by Genie ’m rm 1 Flee -

t r i c  ( F i g .  1 0- 7 )  m d  i c a t c c l  no c h n u n g c  in eng ine  per-
f o r m a n c e .

_ _ _ _ _ _ _ _ _  _
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P.- \ R I  I V
C h a p t e r  11

( ‘ON [0 R~l .-\NCE IV! TI I LN\’ 1 R0N~.ll s.N’F -U. REQ !J I P [\1l N’l’S

1 1 . 1  The criteria for rccovci - v of p a r t i c i n l a t e  e m i s s i o n s  f r o m
t h e  e x h a u s t  of  c t eng ine t es t s t a n d s  w e r e  e s t a b l i s h e d
in t he “Pol lut ion .-\ha tement Study and  Systems Anal vs i s
f o r  Je t Eng ine ‘lest  C e l l  5 ” (11 .5 .  N a y  C o n t r a c t  N o .
N O 2 4 6  - 

~0-C - 0 0 7 5 )  . These cri ter i a w e r e  b a s e d  on t h e
f o l l o w i n g  s o u r c e s

1 - [xectit ive Order 1 l25.~ es t :ibl I s h i ii ~ conform ance
w i t h st ate ;ind I oca I comnnun i t v r e t t l l  1 at i ons or , i n
the absence of s u c h  r e g t n l ; i t  i o n s , w i t h  ~—~ect  i o n  5
of the Exo ctn t iv e Ord er;

- Sec t i on 5 ( [ . 0 .  11 25 ) P ;i r;igrap h Th. 0 i e l  nited to
combustion p r o c e s s e s  e s t a b i  i s h i n p  ni pe r m i s s i b l e
c m i  ss ion  l o v e 1  o f  0 . 2 S  per m i l l  ion B t u

3 - A i  r Qua I i l v  C v i  t e r  i a f o r  P a r t  i cu l  n i t e ~1 ;i t ter ”
II . S . D ep a  rtinen t of lie u it h , [dincat i on and IVe 1 fare
(.Januurv 1 9 6 9 )  that es~ abl i shes the concern f o r
e f f e c t s  on v i s i b i l i t y  f p a rticles in t h e  si : e
i - a n g e  of  0 .  1 — 1  m i c r o n  a n d  the des i i-ub i i i ty of
;ich i cv in~ g r o i n n d  l e v e l  c o n c e n  t r a t  i o n s  ~ I these
p ; n r t i c l e s  l e s s  t h a n  0 . 0 0 0 0 5 3  g r ; i i n s / f t ’~.

The m o s t  r e s t  r i c t i y e  1 oc ;i  I r e g u  1 at  i o n s  , Ba~’ .- \ r e a  L o u t  v o l
I ) St  i i c t , C a l  i t o  rn i a , es t n i b  I i sh a R i np 1 en ini n Smoke Shade
r e q i n i  l - e m e n t  o f  1/ exc ept for 3 m i n u t e  excursion s to
RI ng 1 em a n  3 . As a very app v e x  i mate re I at i o n  sh i p , t h  I s
1 im I t s t h e  c m i  ss i o n  c o n c e n  t r a t  i o n  t o  0 . 01 ( 1  g i-a i n s / c i a  . f t
B a l t i m o r e , \l nirvl an d has recent Iv es t ;nbl ished a :ero
R i ng I eman reqi n i r em en  t

On the b a s i s  of the E xecutive Order 1 1 2 5 2 , t he emiss ion
level , c o n v e r t e d  to test stand gas f l o w , is  l imi t ed t o
0 .008 g r ;n i n s / c u . f t .  It wa s r e c o m m e n d e d  in the i n i t i a l
st u d s ’  t h a t  a p e r f o r m a n c e  o b j e c t  i c e  of 0 . 0 0 4  g r a  i n s / c u .  ft.
he est ablished so that even with transient d i f f i c u l t i e s ,
the 0.008 gr a i n s/ c u .  f t .  level would hi’ achieved.

11 . 2 ita ta oht a m e d  by Env i ronment /One on the c m i  ss i on i s from
t h e  s c r u b b e r  sy s t e m  t i n d e r  t h e  r a n g e  of  opera ti ng c o n d i  -

t i o n s  r e qu i  red f o r  e n g i n e  t e s t i n g ,  f o r  t h r e e  e n g i n e s ,

—- ~~~~~~~~~~~~~ --~~~~ - - - - - -~~~~~~~~
- - -
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C h n ip t ci 11

11 . 2 (Cont i nued )

are as follo w s:

I’\BLl i 1 1 — 1

1O~1 1 SS I ON LE\ ’ [1.5 PR0~d l[5F L~ \TROL SY S ’I L~

P-\R 1’ I CU I 
[‘11 55 1 ~\ ‘-;

E N C I  N [  M ODE C m i  i n s / c u .  f t  .

J- 79 Idle 0 . Oil -~ I l e s s  t h a n  1/ 2
No n’ma 1 0 . ( 102 0

i i  i t  a r c  I) . 00 2 1  ‘ ‘ ‘

iT —30 Idle 0.0 (119 ‘

N orm al (1 . 0 0 1  4
‘- l i i i  tar v 0 .00 I S

J - 7 9  I d l e  0 . 0 ( 13 2 ‘‘ ‘‘ ‘‘ Ihese tests
.N o r : n n n i l  0.0029 ‘‘ ‘‘ ‘‘ a re  q u e s t  i o n —
‘1 i i i  t a i -~ 0 . 0 0 o 2  ‘ ‘  ‘ ‘  ‘‘ <cd by i,\V IRON -

\ la x .  .-\ / l3  0.0053 “ “ “ \lI\ !/ON i

I n  a l l  c on d i  t t o n s , t h e  e x h a u s t  f r o m  the F E S l  s c r u b b e r
s vs t e r n  i s we 1 1 w i  t h i n  t h e  r equ  i i-enneni t s o f a nv  es tab 1 i sh -

ci or  r e c o m m e n d e d  r e s t r i c t i o n s  w i t h  emission love is
r a n g i n g f r o m  1 5 %  to  7 8 °a of  t h e  1 . 0 . 1 1 2 5 2  for p e r f o r m -
a n c e  and  : ;v er a g i n g  3 7 %  of t h e  I - . .  0 . 1 1 5 2  pe r fo rmanc e Ic-
ye 1 . T h e  n i n a  I vt i c a l  p r o c e lu i - i~ conducted by iinv i ronmen t /
One i s  indic a ted i n  - \ p p e n d i x  1 1 — A .

A comp a  r i son of the V sua 1 or Ring I em a n  c o n d  i t i o n s he —

fore and  a f t c  r i nt r-oduc t i o n  of  t h e  TES I system is I nd i c i t  -

ci i n  F i gu i - e s  1 1 — i  t h r o u g h 1 1 — -I .

Wi t h r e s p e c t  t o SO -, and  N c m i  ss i o n s  , the no runt 1 concen —

t r a t i o n s  w i t h i n  jer eng ine  e m i s s i o n s  p r i o r  t o  e n t e r i n g
the s c r u b b e r  w e r e  f o u n d  to be l e s s  t h a n  20 PPM f o r  e a c h
g a s  o r  l e s s  than 13% of the l i m i t s  i n  n i n v  pro jected leg-
i s l a t i o n .  I h u s  , c ont ro l  is no t r e q u l i  r e d .



p

.—i~. ~
-;

- __4



-

y , ’ “-b.



—- -I

Ii
L- - J-

-, - . 

~~~~ .- .~~~
‘ — - . _ -

T-

~ 

~~~~~~~~~~~ -
-— - F ~~~~~ 

... 
. 

. ~~ vic. .

_ _  
J4

~ 
~~~~~~~~~~

_ _  ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

1- 1 i~1iI ~ l ,  1 1  . 3



— —-~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PART V
Chap ter 12

S[COND,-\RY EFFECT S: [ff1 uent lVni ter

12 . 1  The e f f l u e n t  w a t e r  t e m p e r a t u r e  r a n g e d  f i - orn  7 4 °  at idle
to  160 0 F at  max imum a f t e r b u r n e r  mode f or t h e  .J -  7 9 .  Th i s
was hi gher than antici pa t ed in  de s i gn as indicated in
the performance anal ysis section

Based on the a n t i c i p a t e d  e f f l u e n t  w a t e r  t e m p e r a t u r e  and
an o u t  f l o w  o f  S , 000 GPM , a wn i ter tempe rat tire pro file was
est ablished for t he  r i v e r  w a t e r .  The b a s i s  for this
a n a l y s i s  was n o t  the point temperature development , but
on t h e  a v erage h e a t  r e l e a s e , r e s u l t i n g  f ron t  t h e  con ihus-
t i on  o f  f u e l  over  a t e s t  cy c l e , t h e  tvp icn il c cle was
c o n s i d e r e d  to  be 5 h o u r s  with 3 3 %  o f  t h e  t i m e  c o n s u m e d
nu t m i l i t a r y  opel-at ion and 5% n i t  a ft e rhi nrner . The aver -

age hea t p i ckup w as e s t i m a t e d  a t 15 , 000 B t i n / s e c  r e s u l t-
in g  in an a v e r a g e  t e m p e r a t u r e  r i s e  o f  t h e  w a t e r  of
13. 8 ° F  i n  the  s c r u b b er .  The r i v e r  flow velocit y w a s
a s s u m e d  to  he :cro  . The r e l a t i o n s h i ps  e s t a b l i s h e d  fo r
r i v e r  w a t e r  r i s e  f o r  large warm e f f l u e n t  s t r e a m s  ( J e n .
I . JV i eg e  1 , R . I . .  , ,Journa I ot  t h e  Power Di ~ I s i  on
l’ roc . AX LI  , P ap e r  N o .  4 8 0 1  . A p r i l  19 6 6 )  we re  : t s  f o l l o w s :

I n quint t ions

Based on s e m i - e m p i r i c a l  m o d e l :

T m - T 1 . I)
= 7— ( 1 2 . 1 )  W here :

N
T - TI)

T = T e m p e r a t u r e  a l o n g  t h e  c e n t e r  lin e o f
wa rm water j e t , 0 1

Temperatur e of r e c e i v i n g  w a t e r , 80°F

1 o np e r a  t tire o f the d i  sc ha rge w a t e r  .

P = 1)iameter of the discharge p ipe , ft.

lion :ontal coordin ate along t h e  I e t  ; t x i  s
m e a s u r e d  f r o n t  the point of d i s c h a r g e , ft

7 = Emp i r i c a l  constant from the experimenta l
da t n t

-
I
i

— , -
~~~~~~~~~~ —
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C h a p t e r  12

1 2 . 1  ( C o n t i n u e d )

I n q u a t  iOfl 5

Based on s e m i - e m p i r i c a l  mod e l :

____  

e x p  - 3F~ ’~ 
(

~
_) ~ ( 1 2 . 2 1

lV her e :

I = I ’ e m p e r a t u r e  n i t a ny  p o i n t , 0 F

y = h o r i z o n t a l  c o o r d i n a t e  iiomn n u l to t he  i e t
n i x  i s  in ca s u r e d  f r o m  t h e  l e t  n i x  i s  , f t

I n = In roinde no. d e f i n e d  a s .

V [)

F = 
-

~~~

f

~~~~

L

~~ 
g ~)

(chere:

V
1) 

= D i scharge ye b c  it y , f t  / se c

Densit y of discharge water.

= - 1% 0

p = I)en s i t  y o f t he r e ce  i v  i ng w a t e r .

g 5 2 . 2  ft /scc

____________________________________________________________ _______ ______________________ __________
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PART V
C h a p t e r  12

12 . 1  ( C o n t i n u e d )

The c o m p u t e r  p r i n t o u t  of  the  a v e r a i ~e c o n d i t  i o n s  a r e  in-
d i c a t e d  in  F i g u r e  1 2- 1 . The p r i n t o u t  i n d i c a t e s  t h a t  a
4 0  r i s e  in  w a t e r  t e m p e r a t u r e  w i l l  o c c u r  in  an a r e a  pro-
jecting 40 feet into the river and  a p p r o x i m a t e l y  8 f e e t
wide. In a test with a J-79 eng i n e , t he following in-
format ion was obtained by N A R F  personn el (1:1 gure 12-2)

I ’A BL F 1 2 - 1

R I  \ ‘ER !c~\T F R I ’ F M I f l L \ ’ F I J R L S

D i s t a n c e  ~e m p C r a t u r e  O j :  W i t h i n
Mode of f r o m  B u lk h e a d  - 2 0 ’  o f  D i s c h a r g e  L i n e

O p e r a t i o n  (feet) 0 ~~T’ 2 ’ ( d e p t h )

Mu ita rv 40 66 6(~

M in i m u m  ~\/ B 40 1 00 9 68

M a x i m u m  :\/B 80 80 ‘2

M i i i  t a r v  80 82 ~0 65

R i v e r  Water Temperature 6 1 °F

!hc significantl y larger increase i n  temperature com-
pared w i t h  model projection is b a s e d  on t w o  factors.
The se d a t a  represent only 33% to 50~ of  t h e  o p e r a t i o n
and the heat transfer capabilit y ol the scrubber is
t w i c e  t h a t  or i g in a ll v projected.

The w a t e r  q u a !  i t v  d a t a  w e r e  o b t a i n e d  b y Nr \ R F  p e r s o n n e l
and b y S o u t h e r n  A n a l y t i c a l  L a b o r a t o r y  ( N A V F A C  contract ).
The da ta relative to a significant factor , suspended
solid s , w a s  determined only a t  \ A R F .

The d a t a  are reported i n  T A B L F S  12 -2  a n d  12 -3. The
NARL suspended solids d a t a  are plo tt ed i n  F i g u r e  8 - 8 .

-- - - 
------- ~~—-
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Labo rato ry No. 6761 
June 15

Somp i. ~ Waste Water -

May 4, 5 & 6 , 1971Dote Received___

Commanding Oçflcor, Southern Livision , N~~v a 1  Facilities Engin~ oring Cor.j i~
P. 0. Box 10068, Charleston , S. C~ 29411 - Attn : 1’1r. B. B. Foster

Marks; Pollution Abatement Device , Jet En~ inu Tt~st (‘oil , Naval Air Rework

Facility - Block Point , NAS , JaCk~ onv1l1L , Florid a

CERTIFICATE OF ANALYS IS OR TESTS

Oxygen Demand , Disso lv~~ Unburned
Biochemical Oxygon Hydrocarbons Turbid~~

J-52 Engine MIlitary 3.2 mg/I 6. )5 mg/ l 0.7 mg/I 7 JU

Idle 1.8 “ 7 .9  “ 0.4 “ 5 “

Norma l 2 .3 “ 6.6 “ 0.6 ~‘ 40

TF-30 Eng ine Idle 2.2 “ 7.6 “ 0.5 7

Normal 2.4 “ 6.~ “ 0.7 “ 4 U

Military 2.0 “ 6.0 II 0.8 “ 15

J-79 Engine Idle 2.4 “ 7 .1 “ 0.9 “ 5

Military 2.5 “ 5.6 ll 0.9 “ 40

Max AB Run #1 4.4 “ 6.4 “ 1.87 “ 66 “

Max AB Run #2 2.? “ 6.9 I-.2 “ 48

River 5/4 1.4 “ 6.8 “ 0.4 “ 4 “

River 5/5 1.6 “ 6.8 “ 0.3 “ 4 U

~~~~~~~~~~~ 1 2 — 3

~E~~ULT.~ ( J :  \\\ ‘S 1 ’ ~ ~
~CR1 JR R ~: R h’ - \ l ~ :R s O J J T I U : l ~N
A.\~\L YT I C . \ L  L \ R  . 

—
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PART V
Chap ter 12

12.2 Comparison of ROD data indica tes t h a t  t h e  a v e r a g e  in-
cr ease repo rt ed by both gro up s i s  o f  t h e  orde r  of l e s s
than 1 PPM for all but A/B runs (southern Anal y tical)
W i t h i n  the accuracy of analvs is , there a p p e a r s  to he
l i t t l e  or no r e d u c t i o n  i n  disso lved oxygen w ith scatter
of inc rca  ses and  d e c r e a s e s  r e p o r t e d .

12  . 3 The \ARI data m d  icate an i n c  r e a s e  i n  u n b u r n e d  hvd ro -
carbons up to PP~’-1 at A/ B  o p e r a t i o n  f or  t h e  ,J- ~‘9 a n d
a 2— 3 PPM increase for mi I i t a r v  o p e r a t i o n s , w h e r e a s  t h e
Southern A n a l y t i c a l  data indicat e a m a x i m u m  increase in
1.5 for A /B opcrat ion and a m a g n i t u d e  o f  0.5 PPM for all
othe r nodes of ope rat i o n

12. 1 Ihe t u r b i d i  t v  i n c r e a s e  r e p o r t e d , o b s e r v e d  hr \ A R F  pe r—
s o n ne  1 , i. as g rca  t u s t  f or  m ii it a yr  r a n~g i n g  f r o m  I P t o

() .111 , wh ere :i  s t h e  Sou t b e r n  Ami 1 V t i c a I d a t a  i nil i cated
a r i s e  o t ’ 1 1  to  36 JU f o r  m u  i t a r v  m o d e  a n d  up  t o  62
f o r  a f t e r b u r n e r  o p e r a t i o n .

1 2 .  5 The u n d i  s so l v ed  sol  i d s  i nc  r ca  Sc w a s  mea sured hr \ A R P
p e r s o n n e l  a n d  fo rmed a ba s i s f o r  m a t e r  i a I b a l a n c e  f o r
r ecovers ’  o f  p a r t  i c u l a t e s  hr  t h e  i i ~~ ’I’ s c r u b b e r .  The
d a t a  f o r  t h e  I F — S O  and  1- ‘P were cons i stent t h r o u g h
m i  l i t  - i r v  m d  a rc  i n d i c a t e d  i n  F i p u r e  S~ 5~ The d a t a  f o r
t h e  a -  52 r u n s  we re s c a t t e r e d .  The o n l  V a p p a r e n t  i n c o n  -
s i st  en c y ~ as  t hi- l o w  q u a n t  I t v of p a r t  i cu 1 a t  es I S • S PPM
or  80 l b / h r  o f  so l  i d s  r e c o v e r e d  d u r i n g  A / B  o p e r a t i o n  of
t h e  J - ’ P .

T h i s  d i  s c r e p a n c v  was  due  t I  t h e  p o s s i b i l i t y  t h a t  m u c h
o 1 t h e  t i n h u  r u e d  f u e l  ( l a r g e  p a r  t i  c i  es)  w e r e  c a p t  t i r ed
be  t h e  i n t e r n a l  s e c t  i on o f  t he s c r u b b e r , w e r e  d r a i n e d
f r o m  t h e  st  I L  k basin , and  f l o w e d  t h r o u g h t h e  s e p a r a t o r
i n t o  t h e  1 i vi- r . Im p I i ed e v i d e n c e  o f  t Ii i s  p h e n o m e n o n
was  ob t  a m e d  s u b s e q u e n t  t o  t h e  t e s t  p r o p  ra in  wh e n  v a r  i —

ot i s  n o d e s  o I s ep a  r i  t i on o f t h e  a a r t  i cu I a t  i s  Iro rn  c i r cu  -

1 a t  i o n  wa t e r we re t e s t e d  . Sepa r a t  i o n  i~a s ach i c v a h  I e a t
time s b y c e n t  r i f i i g a  t I on of  t h e  sc r i i h h e  r e 111 lient w a t e r ’
h u t  r i o t  from the stack d r a i n a g e .  l ’he on 1 v d i f  Ic r en ce
in effect c a n  be a t t r i b ut e d  t o  t h e  variation i n  speci-
I i  c s~ r a v i  t v  . The s t a c k  b o t t o m  p a r t  i c t i l a  t es w e r e  i~roh-
a h i  v c ov e  red w i t h a I i  l iii o f  J P — S ri su 1 t i n g  i n t h e  low-
er  s pe c i  f i c  g r a v i t y .

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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A DIVISION OF TECHNICAL. SERVICES . INC.
0. BOX 620 /~J ~J,tL~E~a/ ~~e~n;sE~

ANALY STS OF INDUSTRIAL UAT EIIAU
*LSEAICH - T(CHNICAL REPORTS

Laboratory No . 8386 Apr11 ~~~l 19_11._

Samp le of Waste Waters

Date Receive __ API~~1 8, 1971

F r Command i ng O f f i c e r , Southern D i v i s i o n , Naval Facilities Engineering Command ,
k .  0, box JOUOb , Charlesto n , S. C. 29411

Marks: Attn: R. B, Foster

Black Point - NAS - Jacksonville , Fla .

CERTiFiCATE OF ANALYSiS OR TESTS

River Max
Inle t AB Military Idle

Oxygen Demand ,
F’ - 

~hemica l 4 mg/i 25 mg/i 6 mg/ i 14 mg/i.

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 8.2 “ 3.15 5 .5  “ 1.9 “

Turbidity (Jackson Units) 55 JU 95 JU 80 JU 65 JU

Hydrocarbons 5 mg/i 16 mg/i 10 mg/i 9 mg/ i

‘S Lt~

TABLE 12-3

Respectfu lly subm itted .

SOUTHERN A~4ALYTICAL LABORI~AO RY . INC

BY ~~~~~~~~~~~

S 

- - 
- -~ -- - 

- 

-



~ ~~~~~~ - -

PART \‘
C h a p t e r  13

sp ( : O N I ) A R Y  EFFECTS : Sound l e v e l

13.1  Si g n i f i c a n t  r e d u c t i o n s  in sound l e v e l  f r o m  t h e  t e s t  st a n d
( B l a c k  P o i n t  N o .  1) we re  obse rved  s u b s e q u e n t  to  i n s t a l l a -
t i o n  of  t h e  TEST s c rubbe r  s y s t e m .  The co mp a r i s o n  of the
sound  l e v e l s  a c h i e v e d  w i t h  t he  t o t a l  TF ST  system (scrub-
ber and augmen ter)  compa red w i t h  t h e  p r i o r  conv en t i o n a l
ins ta l l a t ion at B l a c k  Po in t C e l l  N o .  I a rc ind ic a t ed in
F i g u r e s  13-1 , 13 - 2 , and 1 3- 3 .  The s o u n d  l e v e l s  w e r e  ob-
t a i n e d  f o r  o p e r a t i o n  w i t h  t h e :

T F - 3 0  M i l i t a r y
J — 7 9  M ilitar y
J - 7 9  M a x i m u m  A f t c  r hu  m e  r

1 3 . 2  The t h r e e  s e t s  of  c u r v e s  f o r m  a s i m i l a r  pattern where sig-
nificant i e d u c t i o n s  in sound l e v e l  w e r e  achieved i n  t h e
r a n g e  of 3 1 . 5  - 4 0 0  cy c l e s / se c and  f r o m  1000  to  1 6 0 0 0  cy-
c le s/ sec , and l i t t l e  or rio change in t h e  r a n g e  of 400  -

2000 c i-cl es/ Sec . ‘J’he ri-duct i o n  i n  s o u n d  l e v e l  as  i nd i c a t  -

ed by ( -  :c i 11 “A” s c a l e  as m ea st i r - e d  by  t h e  Octave Band
A n a l  v z e r  r a l i g e d  f r o m  6 — 1 0 d c c i  h e l  s f o r  t h e  eng ines eva 1 —

u a t e d

T A B I F  1 3 - i

I) v e r a l  1 ‘‘A’’ Sca I c  S o u n d  l e v e l s

L)ec i he 1 s

O p e r a t  I up  ~ i t h o u t  l\ i t h
Fng inc Mode 

- 
Sc r r i h h e  i- Sc r u h h e  r

T I — S O  M i i i  t ar s ’  I 00 90
J - 7 9  M a x  A / B  103  95
. 1- 7 9  M i l i t a r y  98 92

______ - -i-- —~~~~ - -— —
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C h a p t e r  13

1 3 . 2  ( C o n t i n u e d )

In the studs- report (Contract No. \02 IOT- TO-C- 00 ’S ) , i t
was  p r o j e c t e d  t h a t  t he  p a c k i n g  w o u l d  c e n t  r i  bu te t o s o u n d
a t t e n u a t i o n  o n l  a t  f r e q u e n c i e s  g r e a t e r  t h a n  300 c y c l c s /
sec , b u t  w o u l d  have  a s i gn i L i  c a n t  e I f ec  t on 1 ;~’ at  f~ e c 1 u i e n —
c i e s  g r e a t e r  t h a n  1200  cy c l e s/ s e c .  ( ‘ f A B L E  9 - 1  Stu ds ’  Re-
p o r t )  . Thi  s m a g n  I t u d e  of  r e d u c  t i o n  w a s  ac h i  evee  w i t h
operation of the J - 7 9  eng i n e  w h e r e  r e d u i c t  i n n s  i n  s o u n d
l e v e l  of 13 d e c i b e l s  was  a c h i e v e d  i t  T000 cycles/sec a n d
a reduction of greater than 25 d e c i b e l s  w a s  a c h i e v e d  a t
8000  cy c l e s/ s e c .

W h a t  w a s  u n a n t  i c i p at e d  w a s  t h e  r e d u i c t  i o n  i n  soun d  l e v e l
at  the  16 - 2 3 0  cycle/sec r a n g e .  ‘lE e m a x  i m u m  r e d u c t  i o n
w a s  0 - 10 d e c i b e l s  a t  63 cy c l e s/ s e c .

R a w  cia t a i n  .\p pend  i x I 3\ -
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AN ALY ’l ’ I C \L MET h OD FOR ENG I N I :  L X I!AU S ’l ’  A p p e n d i x  8,\
P a g e  1 ol S

E n v i r o n men t / One
The procedure for determinati on of effluent loading i t  t h e
s t a c k  was as f o l l o w s  f o r  s i x  p o i n t s .

1. Determine velocit y for samp le po int by p itot tube and
w a t e r  m a n o m e t e r  c o r r e c t e d  f o r  a v e r ag e  effluent temp-
era ture . (8-1).

2 . Se lec t cr it i c a l o r i f i c e a l l o w i n g  fo r  is ok i ne ti c samp l i n g
a t  samp le p r o b e  i n l e t .  P r o b e  i n l e t w a s  f i x e d  as 0 . 1 2 1)
inches diameter . Five critical orifices were avai l a b l e ,
1 1 . 5  to  26 l i t e r s/ m i n u t e .

3 .  L o c a t e  two  w e i g h t  s a m p l i n g  p r o b e s  a t  t e s t  p o i n t .  M a k e
p r e s s u r e  and tempe rature m e a s u r e m e n t  at  ci- i t  i c a l  orifice
f o r  m o n i t o r i n g  and  f l o w  c o r r e ction s.  Sa mp le  f o r 3 t o 10
m i n u te s , dependi ng on e f f l u e n t  partic l e loading. Filter
material used w a s  G i l m a n  Type  ‘‘ii ” 47 m m .

-4 .  R e p I  ace w e i g h t  sainp i i ng probe w i t h  \l i I i  p o r e  I i  1 t e i  Ty 1 e
1L~ 47  mm a rid samp l i n g  probe f o r  s i :e d i  st i ’ ibut  ion . h i s  i ri g
sam e p r o b e  f l o w  setting take 5 - 1 0 - 1 5  second samples alter
each p r o b e  i~~ i r change.

5 - R e p e a t  S t  Cl) ( 3 — 4  f r r  two add i t I on :t 1 pa i rs of we i gEt pr o be
s a m p l e l o c a t i o n s .

b - has lu o u t  we i g E t  p r o b e s  w i t h  wa t e r :u nd c o l l e c t  on L i  I t e t ’
f o r  w e i g h I ng -

7 .  l a k e  g a s  e a mp le s  a t  ed ge of  e f f l u e n t  stream , w i t h  MS-\
t in  i v e r s a  1 Samp I i n g  pump  and  de t c - c  t o m  t u b e s  -

Eng i n c  p a r a me ter s and  e x h a u s t  gas  t e m p e  r a t  t i r e  d a t  :i we i-c pr o  -

‘!ided by t e s t  c e l l  c r e w . ‘Iwo e n g i n e s  w e r e  t e s t e d :  . 1 - 7 9  f o r ;
i d l e , 9S~~I l o a d , a f t e r b u r n e r  m m  and a f t e r b u r n e r  m a x , and  t h e
J - 5 2  e n g i n e  f o r  i d l e  and m i l i t a r y  p o w e r  settings.

. \ N A L Y S I S  OF [) A F A

h e i g h t  of m a t e r i a l  on each  f i l t e r  w a s  d e t er i ’u ned a f t e r  b r i n g -
i n g  L i  l t e r  to  same  h u m i d i t y  c o n d i t i o n  a t  w h i c h  i n i t i a l  c l e a n
w e i g h t s  h a v e  b e e n  d e t e r m i n e d  . he i g h t s ~ e e c  no rm:i  I i zed b r ’
a c t  ua  1 p r o b e  f l o w  a n d  s am p  Ic  t im e  s a n d  ; u v I  r ac e d  . A c e  r a g e  w a s h
water samp le we i g h t  w a s  added  1 o I i  1 ~ er we i g h t s a n d  l o a d  i up
corrected for effluent discharge a t  Th1 0 1 , 1 1.  p s i  . Tb is load-
i n g  i s  e x p r e s s e d  in  g r a i n s / f t - ~ .

— -
- 
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Append  i x 8 A
A N A L Y ’ l ’ I C A L  M E T I I D I ) F o R  E N G I  ~J i ’J l M H  l’age  2 oT~~

A N : \ L Y S I S  OF DATA ( C o n t i n u e d )

:\ M i lipore filter samp le for each ru in u~~ i~~ a n : u  lv : ed  b y microscope
w i t h  4 5 0  powe r ~r i d  t h e  s i :e d i st  r i  1-oil on d e l  i’ ri - i i n e d  by  m e a n s  o I
a Po i- t i -u i  r e t  I c  i l  and  St t i p  e In i c r I o n c’ t c i  - ( d i n t i r i g  I c c  at  i o n s  we re
d e t e r m i n e d  by m a n d c n i  s e l e c t i o n .

Gas a n n !  vs  i s  d a t a  we re  r e a d  d i r e c t  I v t’ r em ca I i I’ i t  i o n  cha  i’t S -
No m d  I c a t  ion  w i  s obt a m e d  on e i t  h e r  I he 1 0 30 ’ 01’ 1 ( 13 11 de t  c c  —

t i on  t u b e s  . Pa t o  f o r  t h e  9 500 a n d  a f t c  r b i i  r u e  r m i i i  - t e s t s  we i-c
n o t  o b t a i n e d .  G a s  c o n c e n t  i -a t  i ei~ \ - a I t i e s  we rc ’ e bt i i n e d  on !  v at
t he  ed ge of  t h e  e f f l u e n t  s t r e a m  and  c o u l d  he i n  e r r o r  due  t o  d i  —

l u t  i o n  f a c t o r s  -

- 
‘



— . 
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S A M P L I N G  N1 ET II OD S FOR h A T E R :  N A R F  ME T I I OL )  A p p e n d i x  R:\
P a g e  3 O1~~~

Samp les f o r  (ca t e r  a n a l y s e s  w e r e  c o l l e c t e d  as fo !  l o w s :

I . t h e  r i ‘~ ci’ w a t e r  s tu mp  Ic fo r  back g r o u n d  ~ as t a k e  ii f r o m
3/4’’  p i p e  l o c a t e d  on the  s i d e  of  t h e  i n l e t  w a t e r  l i n e
a p p r o x i m a t e l y  2 / 3  o f  t h e  d i s t a n c e  f r o m  t h e  r i v e r  to
t h e  s c r u b b e r .  One s ample w a s  t a k e n  a t  t h e  b e g i n n i n g
o f  each  da ’ s eng ine  o p e r a t i o n s .  N A R E  m x  A p i - i l  6
7 ar id  10 , 1 9~ 1 s amp le s  w e r e  15 g a l s .  ar id  Mo~- -I , 5 a n d
O w e r e  5 g a l ,  s a m p l e s .  S o u t h e r n  A n a l y t i c a l  s a m p les
were  t i l l  5 g a l s  . h a t e r  LI ow was 8000 pp m a t  t I iae of
s a m p l e s .

2 . Scrubber water cffluent sam p les w e r e  t a k e n  a t  t h e  o u t  -
f a l l  f r o i ~ t he  a p p r o x i m a t e  c e n t e r .  The i c a t e r  w a s  d i r -
e c t e d  to  the  S a mp l e  b o t t l e s  t h r o u g h a 2 ’ ’  p i p e  icl’m i c E  w a s

l o n g .  One s amp le w a s  c o l l e c t e d  d u r i n g  e a c h  em ig i n c
s e t  t I ng . The v o l  time of s amp I c t ak en twm U e L I I  i re  lit ica t  e r
f l o w  w e r e  t h e  same as repor ted i n  P a r ~a - I a b ov e .

- -- 
,,~~~~~~~~~~



A N A l Y T I C A L  P R J L  EDI JR I i  FOR
SCRU B B ER E~ T[.\lJST .-\ p p c - n d i x  8 A
( E m i ’ i r o n m e n t / O n c ~) !i~~c ± _ ~i1TiIm

The t r a i n  used  c o n s i s t s  o f  t h e  lo l  l o w i n g :  I h e  I i n c  f r o m  t h e
man  i fold feeds i n t o  an i m p  i n g er  c o n s  i s t i u p  o I a b u b b l i n g  i n ip I u p  -

e m con ta i n  i n g  d i St  i l l  ed wa t e m ’  1011 (mccl h e  a s in I m r i ti p I mi ge i’
w i t h  no tca t e  r - The ou t  p u t t  of  t he s e c o n d  i m p  I r i p e r  i s t r a n s  f e  r r e d
d i r e c t  l v  i n t o  a Sic i nex  — 4 filter h o l d e r  c lii ( m i n i  u p  a G e l m a r i
T ric A g 1 a s s  4 mm 1’ i i t e r . Th i s t ra i n  i s l’o I I ei~ed by t lie :1 i i
mn ov h ip s-c s t e m  c o n s  i S t  i n g  o f  a f l o w  acl j i i s t  up  need  Ic  va I ye  , a
t h e r m o m e t e r , a. t h o m a s  S e r ie s  7 2 7 — C A —  39 \ : m c u r u m  p r imp  t i mi d a D w v e r
Ro t a m e t e r .  : \ I t h t o i m g l i  t h e  f l o w  w a s  m o n i t o r e d  c o n s t a n t l y  d u r i n g
t i l l  r u n s , i t  w a s  n ot  n e c e s s a ry  t o  m a k e  a ny  a d i u s t m e n t s

The g a s e s  w e r e  st t :a p Ie~I u s  f o l  l o w s :  l l o i ’ i : o n t : m l s l o t t e d  p i pes
were moun t e d  a t  t i ,  po i n~ s i n  t h e  o u t  I e t g um i d e s  t t h e  8 f t
a mi d  12 f t  l e~~e I . P r ’ o i e c t  i n g  ou t  o f  t h e  s l o t s  i n  t h e s e  p i p e s
w e r e  i n t a k e  no , : I e s  c o n s i s t i n g  o f  s t a i n l e s s  s t e e l  t u b i n g , . 2 3 0
i n c h  0. 1) . ,  . 0 1 0  i n c h  i’ : m l l  -l i n c h e s l o n g .  S i x  of  t h e s e  n o : :le s
w e r e  m : m n i  f o l d e d  t o g e t h e r ’ by  c o n n e c t  i o n  I d  c o p p e r  p ip e  f o r  e a c h
l e v e l  of  s t m i t i p  I up  so t h a t  t h e y  w e r e  u n i f o r m ]  ~ s p a ced  (~~1 i n c h )
f i v e  f e e t  a p a r t  m l  e i i g  L~ - l e n g t h  o f  t h e  s l o t  t e d  p i p e .  T h i s
m a u i  fol d ‘. u s  c o n n e c t e d  t o  t h e  s o m p i  i n g  t m a  i n  by an 8 f o o t  l e n g t h
o f  ‘I’ v p o n  t u b  i r ip  -

The p r o c e d u r e  d u n n ;m r un  w a s  as  f o l l o w s :  Upon a s i g n a l  fi - o uti
t he  engTii~’ o p e r a I d ~i t E f T 1 ~~ ~fe s ir e J ed’~ Trio  c o n d i  t ion  had been
r e a c  bed - t he  p u m p s  ice m’ e a l l  s t a t ’ t ed  - ‘ l i m e  w a s  i n c a  su red  ft - o n
t h i  s po i n t by St  a i t  I u p  a st opic a t cli - The f l o w  ic a s irnmned i at  e i~ ’
a d j u s t e d  a n d  t h e  op c r . - m t  i on  o f  ea c h  I r a  i n  c h e c k e d .  At  t h e  end
of  t h e  s e l e c t e d  t i m e , t h e  pump s w e r e  s t o p p e d  a n d  t h e  o p e r a t or
s i g n t i  I ed t o  s t o p  t he eng i ne - A f t  ci’  t lie cu p  i n c  rca s s h u t  down
t h e  r i I l : :l e s  i c c - m e  r e m o v e d , a l l  t h e  p i p~~ w e r e  f l u s h e d  w i t h  a c e —
t o a c -  , t h u - ‘U p o n  t u b  up  II m as hed  w i t h  w a t e r  a n d  t lie i m p i n g e  r s
w e r e  icashed  w i t h  a c e t o n e .  Al l  of t h e s e  f l u s h  ings wei-e preserved
w i t h  t h e  b u b b l e r  w a t e r  a s  p a r t  o f  t h e  s a m p l e  co l l ec t ed for t h a t
run . The I i i  t e  r s  w e r e  r e m o v e d  and  e a c h  p l a c e d  u i  a sepal-ate
p l a s t i c  P e t r i  d i s h .  The d e v i c e s  were  t h e n  r - e a s s e m h l e d  f o r  t h e
l o l l  ow i up  r’un

I t  ha d h- - ’~n our in tent ion to point the no::les into the direc-
t i o n  o f  l i e u ’ , by  o b s e r v i n g  t h e  s t a t ic  ~~~c s i m ~~ c’ w h i l e  r o t a t i n g  t h e
s l o t  t ed  ii i  pe , and s t o p p i n g  a t  t he po l i l t whe me a m a x  i mu m i~’a~~ ob-
s e r v e d .  h i d i c e v e r , the flow i-ate w a s  so slow th at no variation
c o u l d  he observed. Therefore , we s i m p l y  po in t ed t he no::l e s by
v ic i m a l l  a l i gnin g t hem w i t h  t h e  f l o w .

The temperature a t  t h e  impinger rose r a t h e r s l o w - I d u r i n g  c t : c h
run at a m a x  i mum of  a b o u t  120 01 .

I h i e  l o a d i n g s  is reported were the av e i - ag e s  of  t h e  weig h ings e l
ma teri a l gat h ered on two runs each , from a total of 12 point s .
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A I R S.\MPL ING PROCEDURE- ,\-\R i- MEFIIO L ) Append  i -\

Page 5 of  S

1 . The s anip i lug tr tm in emp loyed is as lol low s:

a. 10’ stainless steel prob e connected to the 1s t iuipi ng er
by  m e a n s  of a 10’’ long teflon lined silicone rubber t i t h e .

i’ . Dr-c Greenberg—Smith imnp inger (cooled wi t h  1 ,1 , l— tri ch i l or-
oethane and d r y  ice.)

c . 2 (Ureenbcrg —S un i th Inip inger s containing 231) cc water.

U . I F ilte i :mssembl \’ containing a Mi 11 ipore h ype AP~~ glass
p r e  I i  I t e r , one . 43 mii i cron ~I i 1 i pore I i I te r - one . 22 a I c ro n  ‘Ii ii -

po re filter.

e . I I m p i n g e  r wit Ii des i cant

I . Mci - j a n e  PF13 ltm n i in ti r fI owmeter w i t h  connect ion s , a ther mno -

coup 1 e , LI i f feren t i a I p r e s s  tune gauge , and tiE s 01 cit c’ 
~ 
res sure gauge

p .  Needle Valve.

h . \‘ t i c  uu m p~~np

2 . N i  r:e ~~0 u t s  w er- c s im~~ led ut I 1) mim i mites for - e m  ch po j u t  for :m tota I
vo I umne s a m p l e d  of  30 — - 1 0 c . I . S tick ye 1 oc i t v  w a s  de term i ned by m e a n s
of a p i tot t u b e  and unc  I c1~m i e d I  uc a r’o me tel’ h u L l  t e m p e r t m  t nrc by m e a n s  a f
a t h e  r m o c  ou p  I e a m i d II  l i i  evu c e  11 detect o r

C o r r e c t  s e t  t hips for samp i ng rate were deter ’:t nc -U from raw c i t it ti b y
means of a comp ute r p r o g r a m  des i gned  t o g ive stops a t  a i r  v e l o c i t y  i t
Stand ard d:uv con d  i t i oti s , a I r vo 1 tune in c fin , I I  ow i - a t e  i n  I amn i na I a i r
f l ow  me te r , d i f f e r e n t i a l  j - r es simm ’ e required for f l o w  m e t e r  rate.
Calculations required 10-2 0 seconds and  w e r e  j-echecked after m n i t i ; m l
setting . A ccurac y of equi pment use is ~ I .0~

3. Samp lings collected were ucashed from t h e  imp i nge rs and p r o b e d  u~ I th
d i s t i l l e d  water’ and acetone. - \ll samp les ucei -e evaporated to d r y n e s s
and the filters w e r e  dried to constant w e i g h t , to determine total
solids ~-:ei ghi . ‘l’ota l wei ghts were from II to (‘8 limp.

____________________________________ - -  -~~~~ - -~—--= ~~- ~~~i - --- --
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