2. Eorech Bulk Storage Plant

The Ebrech bulk storage plant ia located along both
sides of a wide ravine out in the woods amsy from the village. The site
has a paved higlway passing the front and transversely across the ruvine.
An inconspicuous but large Administration Building together with a few
szall cottages are located by the highway at the entrance gate. Photo-
gragh Noe 2, mounted below, shows a view across the ravine with the
trunk higlway and telephone lines in the background. .The aforementioned
Fotograph shows the destruction and scattering of 200 liter (52.8 gal.)
fuel drums done by serial bombardment. Photograph No. 3, mounted on the
following page, shows the railroad spur following a contour of the
ravine and ths wcoded hill on left in which the storage tanks are con-
cealed. FPhotograph No. 4, Sounted on the following page, is a view taken
across the ravine from the'aerial cbservation tower. Jhere is an under-
ground punp room entrance near the framed shed shown in Photograph Noe 4.
The Ebrach storage depot had all storage tanks located aboveground in-
closed by mesonry fragmentation protection walls and well canouflaged.
411 equipment such as pumps, foam generators, and CO, storage cylinders
was instelled in shallow underground rooms. A modern drum marnufacturing
and reconditioning plant was located at the upper end of the ravine.
Allied bombing raids had done much damage to the railroad siding, drum
storage yard, loading platforms, storage tanks and Administration Build-
ing. The drum manufacturing building and the underground equipment were
undamaged «
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Tho Ebrach storage dopot oripginall:y had umlv.» O, 000
litor (153,5C0 gale.) banzone tunks and a few lube oil tanks. ihe quz-nar
tanks were protected with brick fragmentation-walls, whoeress ine tanks
still under construction were beini inclosed behind concrate wulle 16
inches thick minforced with six vertical 1/2 in. diametor plain, round
rods located on 12 ft. centers around tho periphery. The underground
sumphouse contained three 4-stage centrifuyal pumps direct-connected wo
17" kw, 380 Volts nY" connected, 1460 rim, motors. Tho underground jpunp-
room was undamaged but was very gassy duc to benzenm on the floor nnd due
to the ventilation system being incapacitated.——————=e= ——

There was evidence of "Jerry" car.filling bein; done
from railway cars by means of a 4-inch hose line running across the
tracks above neighboring car couplers to the edge of the right-of-way
and there terminating in an aluminum cap fitting having four 15 inch hose
connections cast thereon.

Photograph No. 5, on page 7, shows a can filling
machine. The machine is manuaily ccntrolled and the cans must be lugged
by hand. The main function of the machine was to proportion out the
proper amounts of gasoline for filling ten cans at once. The ten compart-
ments are filled by turning a control handle visitle on the left end of
the mdchine. This control handle opens a plug valve on the right end of
the machine and the compartments are filled progressively by overflowing

- from one to the.next until the:last compartment is reached. At that
time, the overflow passes out through a hose and is caught in a drum. A
gauge glass on the left end of the machine indicates liquid level in the
last compartment so little overflow occurs through the hose. For £illing
the cans, the machine has a-"milker" arrangement whereby ten telaescoping
sleeves on the compartment outlats can .be gang-dropped into the cans by
throwing a levar. Then the bottom cocks on the "milkers" can be simul- .
taneously opened by throwing another lever. Can handling onto a plat—
form under the machine as well as off the platform must be done by hand.
"Kilker" nozzles are spaced 8 inches on centers whereas the "Jerry" cans -
are 65 inches wide. The supporting stanchions for the machine should

" have been spaced far enough apart. for locatmg a roller conveyer under- -
neath. ~ The Photograzph was. taken of a machine which had been used as
target practice at Ebrach; but the Amer:n.cans had a complete machine at
the. Farge depot naar Bremen. - .

. Drum filling was done in an open shed. Photograpn
Noe 6, mounted on the following page, shows a typical drum‘filling shed.
Drums are’ filled on platform scales-locatéd flush with the floores There
are three scale dials visible in the photograph. Drums were rolled on
the scales and filled by sliding drop sleeves from l-inch "Autoet.op"
. .valves. An "Autostop" valve WaS unscrewed and consigned to the Engmeer

'Board, Fts Belvoir, Virginia. °The "autostop" valve had a bell crank

"———_‘Tf.‘ﬁ'—fﬂ_ol‘ding the—pmm:[cation of
the oparating foree which tripped the latch. From examination of badly
sabotaged field equipment, it is thought that: a "telegraph" wire was -
used: for manual tripping ‘when scale dials showed that a drum was filled.
There was also evidence of drum filling stands located on concrete s

R ‘platforms by the railroad spur ~This eqm.pnemr had been :anlosed by
g -three—s:.ded shelters. v .
g . The Ebrach bu storage plant was bu:.lt i‘or the







Wehrmacht and was quite thoroughly destroyed by bombing and sabotage.
The drum manufscturing bullding with equipment could b0 used if deemed
advisabls. .

(b) Underground Installations
1. Freilam Puel Swlgo Depot

' "The Freiham Puel Storage Depot is located about 10
Kn. West ‘of Munich and 13 served by a mved highway and railroad
connection. The storsge plant is said to occupy 500 to 800 acres in
the pine woods overlaying a 60-foot deep gravel bed. The installation
is under the direction of the "¥ifo" organization which is apparently
& semi-military Uerman corporation devoted exclusively to the handling

of 1iquid fuels for the "Yehrmacht" and "Luftwaffe".
The Plant was occupied at the time of the investi-

gation by the U.S.A. 53rd QM Base Depot, Sub-Depot 5315, Captain C. M.

Rusk, Commanding.
: Drawing entitled, "Wifo Munchen®, dated 9.7.45, bound

herewith following this page, shows a plot plan of the tank installation,
fuel lines, fire lines, pump houses, and railrcad loading sidings. Tank
nunbers marked through with an "X" on the drawing have been damaged by-
bombing. Capacities of the Freiham storage tanks are as follows:

: Tanls 1-32 incl., 872,850 gallons each except tank uumbers
2, 3, 9, 10 and 18 which have been knocked out. )

Tanks 101-120 incl., '79,350 gallons each except four tanks
which have been knocked out. g S ’ ) ’ .

+. Tanks 21-25 incl., '1,058,00.0‘ gailona—each,‘ under construction.

~ Tanks 31-35 inel., 1,058,000 ga'lJ_.ons .each, under construction:

: It will be noted from the drawing that the present.
‘tanks are laid- out in four groups and that the piping for each group
forms-a minor loop and the minor loops are in turn Joined by piping
into a majJor loop., Details of typical units comprising the installation
are given in the following paragraphs. o B
. The mixing installation consists of four working
tanks of 300 cu. meters (79,400 gals.) capacity each. One tank of the
group had been destroyed. There.were four electrically—driven centrifugal
‘pumps individually connected to the tanks. 10-inch diameter suction. . :
and discharge lines were used. Pumps were rated at 3,850 1./min. (1020
" gpm). against a head of 30 meters (98.4 ft.). The direct-connected motors
--were rated-at 31-Kw,-380-V. W' connected, 61-Amps. -5 O=cyclej;—weather=—""""
proof. 'There was a separata, small, vertical centrifugal pump with visi~

gage for priming. Each tank was fitted with a pneumatic remotely~ - Lo
located liquid-level .gage as well as a directly-mounted prismatic liquid - ..
level gage. 'The underground pump house is 50 ft, x 25 £t,. and ‘one side. - o

- of it includes-the ‘ends of the four tanks.




-
“«

|
!
W
;

S N




Fhotograph No. 7, balow, shows Lhe flat concrata antrance trap-door to
the pump house. The gabled shed wad built over the trap-dcer after
reconnaisance planes had locatad thaa. Photograph %o. 8, on e follew-
ing pago, shows the roar view of tng sholtar shad tojether with the
rails for Lraversc movemant of the Maavy eohcrots slsh. A slide cover-
ing the keyhole i3 discornitle on Motograph d. “he Sermans kopt all
rooms undar lock and key 3nd pormisvion t.ad 1o ba obrained by telephone
froc tho messape COntur Lo onlar uny undarground rocki. Hhotegraph HY, 8
9, on the following page, shows mushroom=-type ventilator heads for a
peprooa. Ventilating fann are mountad wi<d.in tho duct supporting the
mushroom hoad. The jumphouse is ventilated by the aforsmentioncd
vortical blowers which druw 29 Amps. at 330 V.

Photo 7 -

Sheo over Entronce Trap-Poor Yo Purmp _//aé.m
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The South pump station has the pmp rooa floor 23 ft.
1 in. below grede. The RBp room contains one main pump which draws
from two 100 cu. meter (26,400 gals.) working tanks. The pump 48 of the
bane otandard type and aizo as tho transfor pump described in tho follow-
ing paragraph. In addition thorv is a one one inch vertical diffuser
vane contrifugal pump with visi-gago for priming. The nixing pump
could pump to tho railrocad siding or to tho other storage tanks.

) No. 8 tank installation has a punp pit at the end of
the tank with floor lovel 32 ft. below grade. The tank is appraximately
10 meters (32.8 ft.) in diameter by 46 meters (151 ft.) long and contains
3331 cu. meters (872,850 gals.). There is a rotary filter in an entrance
room ahead of the punp pit. The pump room contains one 750 1,/min.

(198 gpm), 38 meter (125 ft.) head, 3-stage, 4-in. suction and discharge
lines, pump. Pump is directly driven by a 9 Kw 380 V. motor. Pump room
is ventilated by a blower which is controlled by a 15 Amp. switch. With
this plan benzene must be double pmped in transferring from storage
tanks to working tanks and finally ‘to the railroad loading stems.
Photograph No. 10, below, shows a 10 ft. diameter aperture made in a
tank-by a bomb. It will be noted that the tank shell was protected by a
reinforced concrete armor wall. Photograph No. 11, on the following
page, indicates the deptht of the bomb crater which is estimated at 12 ft.
Photograph No. 12, on the following page, shows a valve Pit which was
destroyed by a bomb. -

0. "Bomb Hit om Tonk
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Tank No. 108 installation is typical of the oll storage
group which is located in tho Northern part of the site. The tank has
a camcity of 30 cu. pater (79,750 gals,) and has a pump roam with floor
24, ft. bolow gride. The tank has a siamese connoction on the end and
i3 connocted to a back goared positive displacement pump. The oil
13 ratod at 7 cu. motera/hr. (3L gpm) and is driven by a 6 Kv, 220 380

PaYs volt, 22/12.5 Amp., 140 rpm motor.

The oil pump house was built at the ond of a battery
of six working tanks and its floor was 32 ft. below grade. Tanks were
7 ft. 7 in. in diametor and sach had a capacity of 29.1 cu. meters
(790 gals.)s Tanks were built in 1936. Thoro were three pumps serv-
ing tho six working tanks. Fumps were rated at 37 cu. meters/hr.
(163 gpm) and wore of the positive displacement toothed type. The
pumps had six pipo connections. This type of pump was driven by a 23
Iw 220/380 Volt A /Y, 1450 rmm motor. Thers was another type of
rotary suction pump used for lighter oils. This pump was manufactured
b, Demag at Duisburg. This pump was rated at 113.5 cu. meters/hr.
(500 gPn) when run at 2850 rpm. It was driven by a 13.5 Kw 380 Volt
Y, 28 Amp., 2910 rpm motore. Signs designating products wore paintcd
on the ends of the tanks as follows:

Splilsl Gemisch Semisch
(rinse oil)- (mixture) (mixture)

Sommermotoren Oel Bolitedil Wintermotoren Oel .
. (summer motor oil) (captured oil) ’ (winter motor oil)

: A hot water circulating system is employed for heat-

.ing_oil svorage tanks_and t:ansier_linﬂ.__mc_hoj;_naLer.cimnlaﬁ.ng
pump is rated at 340 l./min. (90 gpm) against a head of 33.3 meters
(110 ft.) and is a 2-stage vertically split centrifugal pump with 3 in.
-pipe connections. Pump is driven by a 5.5 Kw 380 V. A, 2480 r -
motor. Water is forced out at 100°C. and returns at 85 — 90°C.

" The battery of five large tanks under construction
had riveted plates 12 mm. (7/16 in.) thick and the tanks were not to -

' be reinforced on the inside when completed. The tanks are 10 meters
(32.8 ft.) in diameter by 52 meters (170 ft.) long, and have a capacity
of 4000 cu. meters (1,053,000 gals.) including spherical heads. Tanks
vere to be lagged with steel wool covered with 3/16 in. welded wire
reinforcing, plastered and incased in reinforced concrete. Thereafter
the battery of tanks was to have been covered with 30 ft. of gravel for
protection against. bombing. Treatment of the inside of the tanks called
for cleaning and coating with a layer of Portland cement 1 mm. thick
and ‘painting the cement with a benzene proof J.acquer which was manu-
felctured by the I.G. Farben industry. ~Phétogragh No. 13, on the follow-

_ing page, shows a battery of 1,058,000 : gallons tanks. Hzotograph Now~
‘1, on the following page, shows a 1,058,000 gallon tank with camou-
flagéd netting. Photograph No. 15, mounted on page 15, shows the . base
and supports for the 1,058,000 gallon tanks. - .

. - There is a diesel engine driven emergeney pow'ar plant. R

!
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installed as atandby to tw high line elactric narviea. FPower housa

13 built under a fill equivalont to a prade semration and hag an «any
downprado romp ontrance. A nameplate shows that construction took place
in 1935. Tho diusel engino was manufaciured by X A N and {3 rated &t
590 hp at 423 rpm. ‘The diesel ongine wu3 oquipped with an oxhaust pas
Zdriven turbo suporchargor manufactiuzed by Bromn=RFovori in 1935. Juper=-
charger ran at 1,600 rpa ang dolivered 4BV cu. moters/min. (17,000

cfm). .
Photograph No. 16, on the following page, shows a
quick coupler for portable pipe. wuick couplingy of the togple laver
type have coughnut shaped rubbor ring geJketc 9/16 in. in cross secticnal
diameter for HO mm. (3.15 in.) pipo ard 3/4 in. for 100 mn. (3.94 in.)
pipe. This type or pipe was used in soveral jmrts of the storage depot
where the permanent piping had been bombed out.

Photograph No. 17, on the following page, shows a
standard loading stem for tank cars. Vertical riser is of 5 in. pipe
and the hose is a 4 in. I.D. heavy wire wrapped synthetic rubber hose

-with aluminum couplers. .
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2. bharonburg “aifo" Bulk Storage Depot, Nienburg

The Nianburg "Tank Anlage® is a storase and blord-
ing plant for liquid fuels and lubo oils. The grades of fuels and
0ils handled are bonsenes and lube oils, hunce, the plant it divided
into two separate-groups on that basis.

Fuelo and lube oils are brought into the plant in

‘a railroad siding which runs along the southeast side of
highway Noe. 215 loading from kinden tc Nienburg. The hoser River
bounds the northwest aide of the proporty, and dock facilities have
beon built on ita right bank.

There are five connectiona for unloading tank cars
of lube oil at the railroad siding. & connection consists merely of
& valve placed horizontally aboveground with a wire wrapped 4-inch
hose remaining connccted thersto. Thure are 30 vertical overhead
tank car fill stems with wire wrapped 4-inch hoses and uilke "Gaso-
moters® connected thureto. The M"Gasometers" consist of an aluminum
casting with float arrangement for shutting off flow of fuel when cars
are full. The "Gasomsater' cover replaces tank dome cover when car is
being filled. There was also a 4-in. valve and hose connection for

- bottom unloading of iunk cars of benzene in each valve pit by the tank
car fill stems. A track scale is provided for weighing tank cars.
Track over the scale is fixed stationary and the scale is loaded by
an electrically-operated elevating plate which raises the car off the
rails by taking the load on the bottom of the wheel flanges.

A drum cleaning shed is provided in which arums are
cleaned with rinse oil and steam. Horizontal rollers rotate the drums
after rinse oil and a chain have been placed inside. Next the drums
are rotated on an axis adjustable with the vertical for cleaning the
ends of the drums. After that the drums are rolled to « stand over
a pit where oil is drained out and the drum is subsequently steamed.

“'Drain oil and c¢ondénsate is pumped from the pit and reclaimed by
cent.rimging. 411 handling of drums is by wanual rolling.

3 rums are filled with automatic stop valves and
weighed on platform scales having large dials.

. A mixing pump house for oils had been blasted by
the Miifo" organization upon orders from the German VWehrmacht. Mixing
pump house and storage consisted of four small tanks, about 100 cu.

" meters (26,400 gals.) capacity each, and two circulating pumps. Oils

“were pumped to this mixing station from the oil storage tanke and
blended by circulation..

. - .- A separate drum filling shed provided for benzene. o
. Benzene Drums are filled on platform scales and flow.is controlled by '
' hand-operated cocks. - ‘
Ve ‘An underground bo:.ler ‘Toom with ‘floor 21 ft. 1z in.

,below brade is intact. It contains two scotch marine type boilers and
feed water treat:l.ng equipnent. Bo:.lers operate at 10 Atu (11.7 p.,:.)
pzreesnre. ’

,i“_———‘——m_ih‘le installation is electrica]_ly powered at

. --380'V. but a standby-diesel engine driven genm@rator is provided.
Generator 13 a 500 KVA 400 Ve mchine direct-connected to a siy-
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cylinder §. A I' dissel engine, Pse (horsepower) 590 rp= 428. The ongine
1o oquippod with an exhaust gas driven turbo supercharger built in 1935.
Engine room i3 built at grade but 15 mounded over for protection,
) There are tiwrco groups of oil tanks esch having nine
tanks in a minor loop and all groups are joined into a major loop
with pipa. Oil tanks have steam coils for heating and oil lines_have
‘steam tracor lines. Tanks hold 360 cu. moters (95,000 guls.) oach and
aro provided with an undorground pump pit. Pump pit floor is 24 ft,
bolow grade. Pump motors are 6 Kkw, 1450 rim, and are back-geared to
rotary pumps delivering 6-7 cu. meters/hr. (26-31 gm). Pump pit has
ono "fotal" C7 CO:2 fire extirguisher.
Thare is a benzene storage and transfer installation
not far from the railrcad aiding and also not far from the former
totraothel lead blending plant. It consists of two 100 cu. meter
(26,400 gals.) tanks and a pump pit with floor 27 ft. / in. below grade.
Pump it a single-stage centrifugal type and delivers 180~200 cu. meters/
hr. (790-880 gpm). There are four 30 Kg CO2 cylinderc in a cell ad-
Jacent tc the pump room. Operation of the COy system iec by means of a
pull cable with handle near the entrance dcor. :
- The tetraethyl lead blending plant has been blasted
by the ™Wifo" organization. The benzene tanks are arranged in three
groups of ten tanks each. Seven of the tanks have been knocked out
by bombs. Each group of tanks is loop-connected by a Pipeline and the
oreups are connected into a major loop. Each benzene tank has a
capacity of 3320 cu. meters (876,000 gals.) and has an individual pump
pit. Pump pit floors are 42 ft. below grade. Pump .is rated at 100 Cu,
meters/hr. (440 gpm) and is directly driven by a 22 Kw motor.
. A booster pump room is installed on the pripeline from
the river for unloading barges. Pump room contains one 100 cu. meter/ -
hr. (440 gpm) centrifugal pump driven by a 22 ¥Xw motor. There are ten
30 Kg CO2 cylinders in a room adjacent to the pump room for fire K
. protection. Operation is by means of a trip cable with handle located
G ———near—the grade antrance., There—is- ins ol Iine and a3 in. vapor
line leading down to the dock to a pump set formerly located on a float—
ing dock. This pump.set had been:blown up by the “wifon organization.
_ Fire protection for the plant as a whole is provided by a loop.of 6-in.
" 7 high pmressure underground water lines around the whole site, Hydrants
aré located at frequent intervals in the woods and all are plainly .
marked for location by having several sign boards pointing toward them
giving distances in meters to the hydrants. A fire shed was located
~among each group of tanks and contains a trailer complete with "Tutogzen
foam equipment and two hoses for hydrant connections. In addition there
is one large. fire truck with "Tutogen" foam apparatus. --The "portable =~
fire truck had been run into the city of Nienburg for safe kebpi.ng. . o o
Benzens pump rooms had quick fire protection by a batbery of COp cylinders 3 -
.and the heavy oil pump rooms by portable foam extinguishers, . . - 0 -
o ‘ _One benzene tank of the soven which were hit caught .
ire. Ancther—tank had four bomb hits in a row along the top center line.,
Another tank had been punctured by a single bomb hit but~“this tank had . ’
only 6/ft. of earth cover over a layer of 26 in. of reinforced concrete -




*

with 7/8 in. dianater bars on 16 in. conters both ways. The tanks which
woro rupturod ware reinforced with heavy angle iron trussas on 6 ft.
centers through their full lengths.

3. Farge ¥uel Storage Dopot, Farge

Tho Furgo Puel Storage Dopot is locnted inland about
ono mils from the villaye of Foryse, a northern suburd of Bremen. Fuol
can be transportad into the depot by ocean transports, river barges,
or railway tank Mwagons". Druwing No. Al/1, entitled ™Miifo Bremen—
Farge", ahows a. plot plan of the depot. 7There are three docks and two
railroad yards for louding or unloading liquid fuols.

The storage plant consists of 15 blocks of five tanks
each. Each block has a capacity of 126,000 Bbls. (5,290,000 Gals.)

Total storage capacity is 1,590,000 Bbls. (79,400,000 Gals.). Storage
capacity was far beyond German production capacity because it was
reported impossible to ever f£ill more than two or three blocks after
tho French invasion. The Depot was planned for the storage .of benzene,
kerosene, and diesel oil, and was enlarged to include lube oil storage.

Tank storage is dispersed with blocks » 1-10 inclusive,
in one area and, blocks 11-15 inclusive, in ancther area. Blocks are
connected with a loop oil pipe line and by underground fire lines.

The Depot wds built in 1939 at a cost of 80,000,000 Reichsmarks.
Ship Docks are "T"-shaped steel structures in plan .
view with a walk and-pipe gallery approach well above high tide.
Dolphins are formed of four box-shaped steel piles braced together.
‘An 18-inch fuel line and a 12-inch fuel line on each side of the walk
lead from the dock manifold back to the temporary pump shed on piling
at the shore.line. In addition, a 6-ingh vapor line, a water line, .-
and a steam line are carried along one side of the walk. Vaporreturn- .-
line is not used for that purpose. The temporary booster pumphouse
contains three centrifugal pumps having 65 Kw. 380 V., 1465 RPM motors
~direc*b—cognected to two-stage centrifugal pumps ‘having a rated capacity
of 160 m.?/hr. (704 gmm) against a head of 40 meters {131 ft.)s The = .
water line along the dock was the only visible fire protection for -
that area. - ' ' e
u “The four oil lines run up the river bank a short -
- distance to an .underground surge tank room. This building contains
‘three large gasoline filters, four diesel oil filters, explosion :
arrester, - together with four 50 m.3 (13,200 Gal.) tanks. These ‘tanks
have a working pressure of 10 Atfl (147 psi) and have safety valves set
-at that pressure to pop to the outside. ‘™he tanks are carried full
of compressed air for-leveling out the impulses of tho ship's direct--
acting steam pumps. The filters are large circular pressure vessels
with four 12-inch multiple basket filters thersin. The explosion
. Arrester is:.a 1600 1. (422 Gal.) pressure vessel with bronzé screcns ‘
' . inside and is rated at 10 At#h (147 psi). working pressure. ' Differential -
.. gauges are installed around the filters. :Pressure gauges, recording . ... .
. orifice type flommeters, and indicating liquid level gauges are in-- | -
-8talled in the underground control room adjact 0 the ends of the ==
tanks,  Fire protecticn for the tank ‘rooin consists of ‘a'bank of -thirty-
two 30 Kg. ‘€03 cylinders located in a separate cell and havinga .. .
manually-operated trip cable for flooding the roa. 'THe manual €Oz < .-’
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release also shuts off all electrical power in the underground workings.
The tank building also contains a transformer for drying motor stator
windings at'reduced voltage. Drying trunsformer is rated 380 V.:130 V. ’
1 KVA, 453 Anperes. This system of drying motor windings is used
throughout the depot.

. Tho 1iquid fuols are forced from the surge tunks to
the separsate blocks of storage tanks. There are five 4,00 z.J
(5,280,000 Gals.). The tanks are coated on the inside with 1-2 mm.
of portland cement and painted with "Lithurin®, a product of I. G. Farben.
The storagoe tanks are horizontally constructed, rivotted tanks with
hemisphorir.l ends and are protected with one moter (3.28 ft.) of
reinforced concrete and six meters (19.68 ft.) of earth over their tops.
With the above protective cover, only one tank was lost in an air raid
during which 1500 bombs were dropped. The loss of the one tank was
attributed to a second 1000 1b. bamb landing in a crater made by «
previous bomb. An inspection manhole and gauging gallery of reinforced
concrete is built along the top center line of the tanks. A 4-inch
vapor line with manually-operated release cock is installed in the in-
spection gallery. Vapor pressure is.released from the tank before

gauging. : .
Pump rooms for the battery of tanks are located with
-their floors 38 ft. 8 in. below grade. There are three pump rooms
across the end of the battery. Two tank heads project into each of the
two outside pump rooms and one tank head pProjects into the center pump
room. Each tank has an individual pump and-all pumps are manifolded
together. The pumps are three-stage, 5,000 1./Min. (1320 gm), 12
Att (406 £t.) head, 1470 rmm centrifugal pumps direct-connected to 130
KW 3,000 Volt motors. A piping gallery and filter are located above
the pump room on a mezzanine. floor built of staeel grating. "A "Hannemann"
regulator which preverits over f£illing of tanks, is located on the
upper levele Piping is connected to each tank through two manheads
in, the ende One manhead is located on the diametral center and the
other in the lower quarter of the head. Liquid can be recirculated and
- mixed in a tank by pumping because the fill line extends far into the
tank and has an eductor nozzle on the end. The pump room has &n in-
strument board with all nacessary instruments for each tank and pump.
Instruments include liquid level gauges, pump pressure gauges,
_ differential gauges for the filter, racording flommeters, and indi-
cating flowmeters. Pump room is ventilated by a single.motor located
. on the lower floor. This motor.has an induced ventilating blower
~ coupled on one end, and a forced ventilating blower coupled on the
opposite end. L o - :
. . .~ Fire protection for the underground rooms is provided
by CO2 flooding and by portable hand-operated foam extinguishers hang-.
" ing on the walls. . There are twelve 30 kg. (66 1b.) €Oy cylinders for -
:~the upper’ level rooms and twenty—four CO2 cylinders for the lower
- level. Release of .the CO2 is by means of a pull cable with handle
located under glass near ‘the door. The portable foam extinguishers
are the "Total C-7" make and size. . . .- = . oo a0
BRI ‘The mixing block consists of one -group.of large. ~

tanks, 4,000 m.? (1,056,000 Gals+) capacity each, 10 m. (32.8 £%.). tl'
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diameter by 50 m. (164 ft.) long oversll. A JW m.d/hr. (1320 gpe)
pmp 18 irswalled for esch tank. Yach pwmp ic driven by a direct-
connectod 1JU KW JUUO volt motor. There are four main lines 250 ma.
(9.34 in.) diaowter across tha pump room. Those linos allow great
flexibility in cholce of mixing, eithor in ono tark or betwean tanks.
In onw case, two valves are operatud by one handwheel and shaft by
oxtund ing the shaft through the driving pinion. One of “he wvalveo is
closed whilo the other is opon. Fump room 43 fully squinped with
ga.4t8 mounted on & central panel board. Gauges include liquid level,
presavre, vacuum, difforential, and roecording flowmeter. Pump room
is vontilated by a 13 K\ motor having an induced blower couplod to
.ono end of the shaft and a forced blowor coupled to the opposite end.
Fire protection consists of a bank of CO2 cylinders and portable foam
extinguishers as doccribed in foregoing paragraph covering a battery

of storage tanks. :
The shipping pump room located near the railroad,
consists of eight 100 m.3 (206,400 gals.) tanks and four pundps. Pump
room floor is 31 fte. below grade. Pumps have a capacity of 5,000
1./A4n. (1320 gpm) against & head of 110 me (361 ft.). Pumps are
direct-connected to 145 ¥, 3,000 V., 1470 rpm motors. Ventilation
is forced and induced from fans in the basement. Fire protsction con-
sists of a bank of fifty 30 Kg. (66 1b.) COp cylinders and portable
"Total C-b" extinguishers. R .
: Power for the depot is distributed through trans-
formers located in a room with floor level 13 ft. below grade.

Skatch No. 1 herewith shows potentials of power distribution loops.

- There is a telephone and signal system which ties
-’in every basement entrance with the message center. An operator P
must telephone the message center before entering an underground room.
There 1= o door-operated switch which flashes a 1ight on a board in
‘the message center whenever entry is made. .

" 6, RECOMMENDATIONS

(a) The storage of liquid fuels in aboveground tanks o~
tected by masonry walls at Ebenhausen and’ Ebrach did not prove success—
ful for the Germans. Tanks were bombed from the air, loading points
at_railroad sidings were hit and visible buildings were destroyed—£
" the_air. .. The underground pump rooms, foam control rooms, and boiler
houses at these sams depots were not damaged, although they were
" vulnerable to attack due to the shallow cover of earth .over them. The
- advantdge of underground installations lies in the overgrowth of

. vegetation and trees which obscure their definite location from the !
-~ air. . Therv were no visible indications that the masonry fragmentation
"+ walls had contributed anything toward savimg tanks.. The efficacy of
masonry walls  for preventing damage to \banks 18 questioned. There was -
evidence that tanks inclosed by masonry walls were easily and freely
. sabotaged. Lo T
L .y The wide use of alumimum for hose couplings, terminal’
- fittings, float controlls, pipes and tanks might well be emulated in







(b) The fuel depots at Preilam, Nienburg and Farge are, among
others, good examples of underground fuel depots which successfully with-
stood "pin point" aerial bombardment with small losses.  The elaborate

underground installations wore made possible: by an econoxy geared
mimarily to war, S

It is considered that the fusl depot at Farge establishes
scme good principles of eonstruction. ‘The 1,000,000-gallon steel
tanks are protected by a layer of reinforcoed concrete up to 1 m.

- (32RB-Fts)-thicks —In-addition,-the-tanks-are mounded over with-about -
9 m. (29.52 ft.) of gravel including a layor of top soil. Theory behind
this construction is that the gravel will withstand the bamb burst and
dissipitate rescnant concussions; and the reinforced concrete layer
will act as armor as well as mrovide a load carrying arch. - It was
planned to fill in bomb craters by using earth moving machinery
imrodiately after an attack. .

i - The forced ventilation system enabled the Germans to
operate their underground caverns without danger from explosions.
The use of extensive cross connections of piping, commonly
found ‘on the. Continent, is considered superfluous..
- The resistance of underground fuel storage depots to
attack show conclusively that permanent bases warrant the storage of
liquid fuels in that mannere.
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co, YUEL THE REOENERATOR-OAS-

Only when coal is used as fuel, the ges-turdine ig in
soveral fields compotitive with the Hitherto applied power
engines. various possidbilities, resulting from the working

~ conditions wnich exist particularly at this powersplant
havd been investigated in detail in order to guarontee a
possidly lurge working field for the RGT. The present paper
8ives a summary of the results obtained until now and points
out two possidilities which seem to be particularly promis-
ing and which shall be discussed more ébroughly in special
reports. Moreover these Treports may have more. general validi.,
with regard to the use of coal in gas~turdbine engines, boiler
firings, and jet nozzles.

'~ Summary
-A. Direct combustion of

‘1.)-Plow coal °
2.) Coal in lumps
3.) Pine cosl

Coal vapoxization_wiph

S1.) CO, - addition
1 2.) HyO - addition

U, A1 Direct Combustion of Flow-Coal.
M \

.

 With the direct combuation of'. al, we may utilize. the .-
experience obtained with 0il’ combustion—chambers by adding "
" £irely ground coal to the fuel 0il. Such oil-coal-suspensions

_ v anier the name of "Flow-coal.'Until now the use
‘of this flow‘cba;fhas‘QIWayS‘fqilqd'bn:accqun% ot  the separation

“of theﬁcqﬁli’ﬁhen:gtoring;jih fdrmfb us ‘'sediment

are vwellknown undeér the hamefﬁt'!rldecqalﬂ
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theoe mothods we are able to produce s flow coal, which csn be
pusped, with a proportioa of coal up %o & weight-percentage of 35.
There is no essentisl differeace between the combustion beha~
viour of por‘f;nd of flow coal. Using prepared coal, the pro-

portion of ashes, sccording to demsnd, may be reduced to below =

0.5 p.o.

A 2 Direct Combustion of Coal in ngge.

Whea using coal im form of lumps the admissible load of -
‘the combustion chamber in the present state of techniocs decreeeee
by mearly two powers-of-tem as againrst the combustion chambers
for 1iquid fuel. With coal firing we generally calculate with
0.25 x 106 oal/m’h whereas in the combustion chambers of gas
turbines 40 - 60 x 10 cal/m h are attained. It is true that
with locomotive boilere “with coel powder firing 1.5 x 106cal/m3h
were obtained; but this is a very small -amount compared with the’
combustion chamber of the gas-tarbine and was possible only
when renouncing a complete combustion and moreover, only for a
short time onm account. of the high deposition of ashes causing
the formation of "ewellow neete". By ohanging to coal firing
one of the main advantages of “the gae-turbine plant viz, the
- small epece required, 1is reduced coneiderably ‘What renders the
_problem more difficult-is the fact that, due to the peoulgrity '
“of the processes, pressuresup to 20 atm occur in the com-
bustion chamber of the gas—turbine The advantage eepired
""with ‘the .change to coal firing, namely ‘the reduction of the‘
running coasts, decreases or becomes doubtful owing to the -
~ amortization of the imcreased. produotion coete of the largeb__
preeeure-proof combustion . ohambere. 7

- ~Thus—the performance of coal oombustion ohamber—mustvbe‘~-'~w?“5.
increeeed appreoiably in order to make. the 'use of cosl ror - '
turbinee promieing.,Ae is well known, the combustion procees on : o

. the surfaoe of the. coal can be intensified extremely by an ET

"iicreaee of the eupply of oxygen thie is- poseible”on principle

f\

-’-

furthermore with introduotion of recoabustion snd with a
restrioction of exhaust heat utilization caused by the ocon-
struction, and finally atteins values of more than 20 ata when
applying the semi-open gas-turbine method proposed dy 8 ul s er.

Thus we may dispose only of the velooity of the combustion
air for increasing-ths lcad of -the combustion chamber. The
experiments of Predwoditel] ew,Zuckanowa,
Zuckanow end Gxodzovsky have shown that the
"intensification of the substance exchange and with this the
oombuetionnvelooity can dYe inoreased considerably by a turdulent
incoming flow. The only supposition is a sufficiently high
temperature in consequence of which the chemical reaction
velocity is so high that only the phyeieal exchange of substance
48 decisive for the combustion velocity. This fact is secured
with temperatures of more than 800° C. On account of the high
velocities of flow the small lumps of coal must be fixed some-
how in order to prevent that they are torn away with the com-
buetion air.

In case of firing lumpe of coal the coal is £ixed by gra-
vity, "this is sufficient with the slight velocity of flow
(<5m/8). In the same measure as the,coal burns up the par-
ticles become smaller but with the asual‘method‘of firing
the comrse -lumps of ooal are added from above, so -that even
smallest particles can be taken away unburned in relatively
small quantities only. The chiefly used- coal sticks and frite
beeides- thus the _coal becomee coherent by itself.

With the powder firing, too, we find similar oonditione.‘
Gravity and friotion force act against one another thue effect-

~ing a relative velocity between gas . and particles, neoeseary
- -for the subetance exchange, i e. for the combustion In the
usual firing the meximum relative velocity is equal to the

hovering velocity "By thie R:} certain shortest combustion time :
“is. fixed for every magnitude of: the particles. ‘The ‘air velocity
can ‘be increased to eny degree ‘but’ the relative velocity and

2 the combuetion velocity will noti eﬂraised at the




Guide forces bave slready beem used experimentally for he ' - chamber was not oeulxde calculation. The testshave
boiler firing, keeping the coal down by “°°‘b“'t1b1',b°dt." ' shown that numerous fine rents in the driquettes result from
But this arrangement implies a high resistance of flow and is _the tbermal stress; on asccount of the missing heat radiation
thus rather disadvontagoous. Performances of 50 tn 100 x 10 a temperature-occurs in these ronts which 13 higher than that
°l:f/l'l h with flow velooities of 30 m/s resulted from tests with o T ¢; the combustion in the rents, therefore, is
a modified double-grate of metal sheets | mx to 10 ms thick, ' ) qnioker conleqnently the rents become widerx, especially on the.
arranged oircularly at a‘'distencegof 3 mam and rlown through 1: . ground. Thus a deeply articulated surface results which consists
longitudinal direction, the coal - amthracite - o1 "BEsskohle"}) - ~ of numerous cosl heads with reduced basis-oross section. These
respuctively, beiag inm the imterior of the cavity between the heads are easily broken off and taken out by the airatream.
grate metal sheets. . ’ The volume of the single particples thrust out was up to 2 om’

Such & combustion chamber would thus be absolutely useful, The losses caused by this insufficient burning out amounted
Technically it would be desigmed inx form of a series of long v approximately up to 50 p.c:; they are too nigh for practioal

" narrow bags arranged abreast. The buraing out, however, is very use.
unsatisfactory. ;n coneeqqence»of the thermal stress toe larger ' Also the sort of coal is of certain influence on thie
coal lumps burst and the particles eqaller than the grate widto } phencmenon. Grained and brquetted gae-coke d4d not show any
are taken away These particles cam of course be separated im a : " losses of flight. The plates were very firm and, at the ignition
nZyklon" arranged behind the combustiom chamber. Such a com=- : were covered with an sdhering brownish'layer of ashes; when
bustion chamber is not perfect im respect of operatiom for blown with-cold air, these plates did not continue burning.
itner reasons, too, since it is difficult to- prevent the ashes . C "With Tegard to the losses8 of fiight no differences could be -
from melting and sticking to the’ grate rods. During the tests = ' ' " - noted, using either anthracite, ‘"Esskohle", or "Gaeflammkohle"
the. melting and sticking to the rods was not observed but we must: ’ _ .Such a difference existed in the combustion behavicuxr only.
consider the fact that in. the case of avpliration the temperaturee B ! B When more gas is contained in the coal, the coal burns. more
- are’ considerably ‘higher. Finally the problems of the eupply of’ _T IR | e quickly. "Egskohle" with a contents of ashes of 0.7 and of
. coal and the removal of ashes must- be ‘solved. The: application : i 10 p.c. has not shown any difference with regard to - 1gnition,
'of eticking coal w111 presumably render the repleniehment diffi— » ' . R ’combuetion behavionr, -and flight losses. The smalleet loeees
. ' occurred with smouldered briquettea..

with cold air Previouely smouldered ooal wee likewiee ueed with
~exce11ent reeult. . s .

Sulphite-waate liquor and pitch ‘were ueed as a bond..
: : R . o _ _ Pitch hae the disagreeable property of becoming soft when
Another~method to f1x the coal by jmeans. Of guide f°I°°B V-i_vﬂ-m_ N e J.heated : pitch—briquettes, therefore, are:of little mechanical A
RN IR -80l3dity:. When ‘smouldering, however, the. application of pitch
s suitable, particulaﬂy with non-sticking coal’ because the
,.pitch cokee with—smouldering temperature and cements the
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 Withous experinente we osnnot detexeine‘-hether‘or not thie _
mothod mesns a special sdvantage ss cospared with the doudle~
grate. There atill is one half of the grate at which the sshes
can melt and stick, and through which unburaed pertiolel can
be taken out. When spplying the centrifugal ring, we have the
possibility of slinging the sshes off in ligid form dut bave.
to overcoae the difficulties resulting from the construction

of spch a heavily loaded glowing body.- This meshariism cannot de
enlarged unlimitedly since the effect obtained increases with
the square, and the space required increases with the cube of
the apparatus dimensions.

Summarily we may make the following statement : The
hitherto ilivestigated combustion chamdbers for lumps of coal -
they be "Husakohle® or briquettes - have the disadvantage of
causing important losses of f£light, and difficulties in preventing
‘the melting and aticking of the ashes at the guideel During the
teats, cold air was used ror blowing; high temperatures at the -
‘guide mechanismy therefore, did not occur. The process of melting

and sticking at the guides was observed only when working with the
efficient combustion chamber for coal-plates. It A8, possible, of -:

course, tb proceed from highly dieeehed coal and .to separate-
or to burn the flight lpases in a "Zyklon" arranged behind;-

. detailed investigations, however will be necessary.
I

We must now make- the following demands from a coal com-
bustion .chamber-: : : :

.1) 8ince coal falls into piecee by thermic etrain the
chamber must consume even moet rinely ground coal without '
loeeee of flight.

» 2) In order to prevent the melting and eticking of. aehee
““at the guidee, the interior of the: comhuetion~ehamber mnet be
deeigned without inetallationa. : :

A3 Direot Com‘ouetion ot Fine coim' o

l

«naee it ie not ea“
’ combuetion c" Y

-

pergiole'ot 10ud at ]000°-0 turbulently. But even in the
lsmiriar range en incresse of the relative velooity osn be
obtained by the application of oentrifugal force, which

shortens the combustion time. The f£ixing of the partiocles

- ‘the ‘chamber by eonething 1ike a sieve, until they are
burned up entirely or partly, gives a progress in the

desired direction. This progress can be obtained by perform-
ing the combustion in a sifter. Here the coal burhs within

a vortex flowing inward from outside..The oentrifugsl force
aots egeinet_the'flow direction so that relative velocities
can be attained exceeding the hovering velocity by far.
The.particles can be taken out of the chamber by the airstream
only when they-are burned to such a size that the friction
force is greater than the cenprifugel force. By appropriate
dim&neioning-ot the guide system and of the chamber diameter,
we are able to adjust the desired eitting'effect. This
effect ie\ihteheified by the increase of the epecific weight
of the perticlee while burning out. e .

Without epeoial teete we cennot deoide whether the sif ter
combustion ohamber must be deeigned ‘-with or ‘without a eyetem

" of gnidee. The. chamber without this eyetem permite a simple

supply of’ ocoal. In this oaee, however, 'we must consider the

- faot that particlee are’ rubbing at the exterior wall, fall

down té the ground and: remein there or circulate elowply.

"Thie will cause an acoumnlation of anburnt coe1 in the chamber,’

which would dieturh ‘the vortex coneiderably This cannot -occur
in a chamber with a eyetem of guidee, but in thie case the

, eupply of; coal ie more complicated. ;-~,~rwv~~w5¢~—«

- By a" euitable oonetruction we are ‘able to separate ‘one
part of the ashes in’ solid or, when ueing high temperature,ﬁ,ﬁ'

. even liquid form The queetion whether or not the gas needs’

ng depends on. th ' oeive behaviour of the aehee.;T'
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It connot be determined beforehand whother the total quantity
of aix or only part of it must be seat through the combustion
ohsmber. When the whols quantity of air is passed we may
perhaps obtain & nearly uniform distribution ot temporature
ovexr the cross section and thus may spare the ‘additional space

for & mixing chascber; we have, however, to consider the faot -

that by the temperature drop thus caused, the combustion.tiue
will possidly bve decreased too nuch.

An advantage of the sifter combustion chamber, as compared
with the combustion mbex, for lumps of coal, is the simple
mastering of the egulation ) the powder addition can be con-
trolled in a large rauge and the combustior chamber reacts
without inertia on different supplies. Moreover, the choice of
the sort of coal is by do means restricted.

The definite shape of the moat suitable combuation chamber
cannot be stated yet trom the results of the preliminary tests,
but we may’ take it for granted that coal combustion.- chambers
can be built which with regard to the performance, can succesa-
fully compete with the usual liquid fuel combustion chambers )
of to—day. B )

B. Coal Vaporization. t .

' ' The demand”of greatest reliability of operation ) .lglong
'working times: as occurring especially with power plants,
suggests the idea of buzning the. coal outside the turbine ,
arrangement ‘and to ‘supply this turbine with a. sufficiently

B cleansed combustible- gas ir space and construotion are not f

' limited If the temperature ‘of this gas is kep »below‘the

melting temperature of slag-of the used coal the dust an be.ra;'”"

?means--~ =
Obmbustible ga

-9-

i T

. By re-ooolin¢ the air ehioh i3 supplied to the generator ;
- to the surrounding tesperature, the vaporizer-end tempersture
can be decreased to approxisately. 1350° C.

... 83ince. this te melting
point of coal, par much interested in
a more effective cooling for the above-mentioned ressons
and. in respect of the difficulties implied by the supply of
such a hot gas to the combustion chamber. This cooling, how- .

- ever, ‘must not exceed a certain Yow limit without prejudicing
' the coal oxide production. The lowest temperature limit, down
_to which, .practically, no coal dioxide remains in the gene-
. rator gas, with gas pressuresof 4 atm "(abs) is at about
' .1000° ¢, incyeasing with 20 atm to about 1100° C. Below these

‘temperature limits the gas volume first decreases in conse-
-quenoe of the decreasing temerature; but then inoreases on

' account of the rapidly increasing coa-proportion. This useless,
igas ‘causes the dimensions of the generator to become: larger

than necessary tor the production of a certain quantity of

,combustible gas. If .this can be admitted with respect to lower
" gam temperatures the. next limitation results from the reaction o

velocity decreasing rapidly with falling temperature. This Lo
fact causes another enlargement of the. vaporization room.' R

Working with temperatures lower than 800° C, ‘oxygen as another
additional gas departs from: the generator ‘In the tollowing

S consideretions, theretore,the decrease in temperature be re-.-'

ted to. 1ooo° c.i.
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B 1 Cool Vaporiszation with Addition ot CO2
———__-—-——-—————m

When adding €O, into the vaporisor slmost eznotly 1 kg
coal dioxide gas is necessary for the vsporisation of-i kg cosl
to obtain a ooabuetible-gee teapoxeture of 1000° © with en'
entry temperature of 500°-C The amount-of- coé noededsbeia; .o0R=_ .
siderable, we have to deal with the queetion whother it can be
supplied by means of the exhaust gas. For this purpoee, part of
the exhaust gas can be cooled in‘a cooler an epproxinately as -

poeeible to the temperature of the surroundinge and can be eupplied
to the compreeeor with the fresh air. The quentity ‘of the necessary

exhaust gas, among others, depends on the coe-conoentretion in:
the exhaust gas which decreases with increasing heating of the
compressed fresh air by means of a heat exchanger, and with de-

creasing turbine-entry temperature. Thus, with a highly efficient

heat exchanger and a turbine-entry tempexature of 750 C, up to
75 p.c. of the exhaust gas quantity is required. As is seen the

greatest part of the working gas is guided in a closed circulation

whilst only a smaller part is. continuonsly aupplied to the com-
preaeor in form of freeh air.vThe corresponding quantity of
- exhaust gas is taken from: behind the turbine or behind the heet
exchanger.. The exhaust gae cooler required for tnie method ‘is
“very large aa the am nt of exhaust gas circulating il 1arge

and the thermic ef ency required 13 high, since the temperature

__of. the exhauet gae, owing to ite high- proportion An the gas
flowing through the compressor, governs. the compreeeor and thus
: its power: consumption. A dimdnution of the cooler as well as,

of the other elemente and engines of_the gaehurbine plant can be

7 quantity inpinginghegeinet the gee turbine.

1.5 the velue'end'then_eupplyins 4t exclusively to the
.air whioh enters into-the vaporieor.rln this case, therefors,
a ‘cooler, a centrifuge, and a compressor are additionally

needed, whose rate of flow amounts to ebout\? p.c. of the gas
7~

With regard to the effioiency, theee three methode o
working with coz-oooling do not differ from one another essen.
tially nor from the direct coal combustion. Only the different
tempuratures resulting slightly alter the radiation losses,

" the performance of the compressor, etc., which result in 1little

differences.which will be taken into account largely by con-
gtructive methods.

"B 2 Coal Vaporization with Addition of H,0

If the vaporisor is cooled by addition of water we have
-however, to deal with different conditions; if we dispose of{a
sufficient quantity ot water, we. should always prefer this
method

The smalleat quantity of waternis required if it ie

’ added exclusively to. the ‘alr su “to the vaporisor In thi-

case, we require only approx 40 er cent’ of weight of the CO2

,quantity necessary for obtaining an’ equal cooling The heat
> 4 the exhaust gas eurfices for producing thia quantity of

steam. An: increase ‘of the efficiency of" this circular process

'reeults from the'fact that ‘in-the" turbine there is.a ‘higher gae~
_ weight than mu t be worked in the compreesor This fact induces




combustidle .ee the :e-uinsna ot-sn nhach can e produeed by
‘the exhaust gus is added to the eir whioh entore the eon—

bustion ohaeber 1nnedzetoly.

A third quantity of water, finally can be added to the air
already before Lhe wntry into the compressor in form of very

-

appearing at these extremely small drops, and on account of

the reeu1t1n3 large water surface, this water follows the in-
creeldns tempurature in the compressor nearly without inertia.

The 1uoreele in steam pressure conneoted with this 1nereeee in
terperature effoete an evaporation-cooling of the compressor eir
and thus a deoreaee of the compression required. The upper
limit of this weter quantity is obtained when the air is saturated

on leaving the oomp:eeaor.

The supply of these three quantities of water - the two
latter not pre-supposing the vaporiuation of coal - 1nf1uences
the gas turbine process advantageously for the following reasons.
First an epproximetion to the isothermal alteration of the con-
ditions 1s obtained with the: compression, Then the existence of
steam in the air rlowing througn the. vaporieor effects a pulveri-
-zation of the eleg and the demanded decrease of - the tempereture :
of the oombuetible gae Moreover the. gas mixture ooneumed in the .
turbine becOmee larger than that. flowing through -the" compressoru‘
-Finally the utilization of the exhaust heat will ‘be improved by
the use of a heat: exehenger ‘8ince the exhaust gas ig cooler when
leaving the turbine plent correeponding “to the lower compreasor-,A‘
end tenperature. S : :

The quantity of weter neceesary for utilizing these'if**
:.poeaibilitiee completely must: be a multiple of the weight of

" coal, One rart of this’ weight een ‘of -course be’ repla by
condeneing the water contained 1n tho exhanst -gas or

taken 1nto account

L.'the cooling b
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este in an electrolytio tnhk on & rasai -nd on-ramsai
intake faor a - turbdins powe
- by
H.Hahnemann and K. Bamaert.

: Sumnar!.>

~ The presaure changes in the field of flow round two typel

of air intake cowling for a gas turbine power rlant (Pedden tur-

hine) were investigated under various einulated_conditions ot__wﬁ

,lir flow in an eleotrolytic tank An 1naight 1nto the pointa ot
‘fposeible breakaway was gained and & qullitativc‘oonparinon ot )

0
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In an earlier roport" a tost apparatus was desorided in
which, with a very saall amount of effort, the field of flow
round plane bodies or bodies of rotation could de caoily obtained.
The work done to date io descrided in two roporto"

The apparatus, an inclined electrolytioc tank, makes use of
the analogy between the differsntinl equations for potential flow
in a fluid and those for tho flow of an electiic curreant through
an clectrolyte,. together with other propert?oo of planes of
syametry in the problem to be invesntigated. As planes of symmetry,
across which no streamlined pass, we have on one side an acourate
glass plate, uron which the arrangement of any rarticular problem

Jis duils up by boundary walls stuck to the plate; the other plane

of aymmetry 18 defined by the free uprer surface of the electrolyth
with hhioh the tank is filled. #ith the glass plate lying flat,
plane prodlems are reproaented; if the glass plate is 1nolined,
then the electrolyte oorresponda tc 8 wedge-shaped sector of a
rotationally aymmetric problem. The boundary walls are usually.

© of .8 non—oonducting matcrial, but if-a apecific part cf them aro

made elootrodos.aoross which a potentinl ditteronce is applied,

. the potential rield o“ r the whole surface of the ‘electrolyte

mnay be: plotted by means of a ‘moveable ‘electrode’ dipping onto the

-surface, Thie potontial field is identical with that of a frio-
'?tionleas field of 2low having similar boundary oondi%ions..‘ o
"Approximate dafiTEEKEEfﬁlng the apraratdii_iig—gosz-;;}angement of}

1. the boundary wallo, methoda of reduoing arrors and 1ts limitationl-
i.of use mny be’ stqdiod in the report1 mentioned above.

awny nignt oocur.,313.1 ahowo

j‘f'through ‘the part of 't




otruts ‘0’ and .'d’ oonneot the two parts 'a’ and 'd'. The sanulus
‘e’ 1o arranged t0 utilise the slipstream.ram, and dimensioned
60 that the air is uniformly accelerated. Beneath the unit is

an 01l cooler 'h’ surrounded by & cowling 'g', the air deing
duocted through a normal type of diffusor ‘', and after leaving
the redistor block is mixed with the slipstream tnngontlally
from the nosszsle 'i°'.

Owing both to the arrangement of .the radiatdr and to the

ecoentricity of the lower cooling, thie is not strictly a rote-

"“tionally symaetrio case. The Plane AB through the axis is the
only plane of aynnetry #hich will not be intersected, by streanm-
lines. In all other planes passing through the axis & normal |
cwmponnnt of theflow will exist, which, houover, aen bp taken as
being small as we spproach the symmetriosl case. S:I.milnrly. tue
effect of the struts may be neglected.

_w_______An_idgal_nnnng_oi_shz_nnzaaganon&*nknjchnd_in_zigol,hne-

" glecting these asyametries, was teated 1n the tank. Two sectors,
BNC and AMC', were chosen, having a wedge angle o« ™ 1o°. The
first sector corresponds to a rotationally symretrical: onse ot
the ‘part above tho horizontal dotted line, the second- to the

- ssction boneath this line, the radiator being coneidered to form
a conplete aircular installatlon. A mean value was' choeen for
the gap at the entry to tie radiator duct.

"Pig.2 ip a drawing of both sectors altered in this way.
- AN and-BM-are bounded by the glass plate, C'¥ and CM by the freo
A aurface of the electrolyte. The extensiona of the spinner tar and
the cowling 'b' and ‘c' may be tafen as- straight lines normal -
to the . glaes plate, owing to ithe angle oL being chosen’ small;
thelr height is determinod by o :and the distance from the axis’
_ et 1t ie obvioul that the’ quantitles on- the actual turbino »
- ,unit ehould lie within the valuea measured on the two aectors Fod
-deseribed above, 5 e e

~'+) It would be .possible app ximately to determine” the effect of
.the airute ‘c' and *a' An-fig.1 by the construction of further . =
models, ‘on the lines indicated in £ig.2b.These refinements would,
however;, probably be ‘within the limits. of 'sensitivity of the: ex-" y
- isting . type of, tank, and it would ‘appear ngcessary.: first to make - I
“the improvements. suggeated in reference 1(i.e.t0 ‘the: electrioal
':circuix.and the. /8ear : Sole : e null ‘methods, and
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?ig.3 io a cross-uvaotion through n aodel for tenting the -
forward part ofs the turdine power unit in a wind tunnel. The
etfeot of the coapressor le simulated in thio model by an elec-
irically driven axial blower situmted within the model, whioh
draws in air through the intake 'c'. Similar tests were mude on
thie oodel, which bhas ;‘ruthor fattex opinner, in the electro-
lytic tank. How far the cenirifugal foroe would tend to cause

. breskaway owing to the sudden changes in direction of the air
in the entry duot itself (in spite of the acceleration caused
by the deduction in cross-ssctional area), leading finally to an
-undesireable duffeting of the compressor blades, ‘aust be left
over for a rurther series of testu. The dimensions of the tank
(500 aa x 1100 am) would only allow an entry of 10 to 20 mam.
wide to be chosen, if the flow pattern was to bc relatively un-
disturbed by boundary wall effeots, so that measurements were
not nadé Iithin the uctual entry itself.

odensrsotzpfiichiig

2. Metﬁod of test and results.

' 5) SEinner witﬁ entgz oowligg,>withou radiator;

Pig.4 shows tho arrangement of the apinner and entry cow—
ling with the special bounding walls fitted onto the. glasa rlate,
The dimensione are given in millimetera. The axis of flow, ‘'e’,
is defined by a thread stuck to the glass plate 'a’. Having '_

satuck the model .to the glase plate, the latter is ‘inclined and
’j‘"“filled—with the eleotrolyte, .care being taken to endure that: the |
thread is wetted over its whole length. The contours *'b', 'c* )
snn 'd' were madeé. from compresased laminated“WSEETTEEEEEETTET?ﬁETf'f
wetted edgee with thin Bheet of plastic meterial to avoid swell- ;f
f‘ ing. E1 and 33 are' sluminium electrodee. To obtain the equiValenf N

of .a. flow into the intako,_the potsntial diffarence 712 applied
lcross 21 and 32 isgreater than the potential difrerence V 13- be-“;
t-een E nqﬁ E,. In tha oppoaite caao, where V13 exceeda 12. R 5
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~-boundary wall ntrehnlino ‘d’, which even in pruotise ia not quite
‘a atraight line, the largest cross-seotion 8 wue chosen to de
160 mz. The doundury wnll streaaline thus 1100 at & distance
3 R, from the axic. In the actusl casse, £, is 396 as.

Pige 5, 6, 7 and 8 show the potantial fielde plotted with
the above arrangement, using various values of V12 and V,,. The
larger of theoe two voltages may be divided into 110 equal parte
by a potentiometer, and the smuller voltage into a corresponding-
ly smaller number of parts of the saae size. Only every fith
potential line was plotted completely, the others were plotted
for a short diatance near the boundnrioa, the region where the
interest lies. For_the_reasons _given above, the lines were only
rollowed & short way into the intaxe.

4
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The following formula

) gives the change of preseurs along etreamlinee. The overmll -

. ,voltage was divided into ‘equal potential etegeu. the more fine
: theeo divisions, the more acourately does this formula hold good.
P denotee the static preeaure at the point under coneiderntion, ‘_
p° and. . qo the static ‘and total pressures respectively in.the free
stream, i.e. near electrode ‘-‘1. As and Aps are the reapective
distances between adjacent potential lines neer E, and at the . .
section under consideration. Since the axie of flow and the _
boundaries of the oontours are streamlines, equation (1) may be
; __EEEQ_E9_22lEBl2&2_lhg_gzgzgll_ghangn_ni_pxessure. ‘The values cal-
_culated from figs. 5-to 8 are. shown on figs. ‘9 to 12. The.: preee- .
. ure retio (p-po)/qo is plotted againat x/Ro, where R ig the
i radius at -the maximum croee-eection and x is the dietanoe from
'yhe stagnation poiat on the spinner, values’ being taken as
o poeitive to .the right. All curveg’ ere mean. lines through the ex-
_'(fperimental points. whiph have not ‘been plotted. On each of the
. four figuree curves ! show the preaauree along, the axis in )
front of the ap' ' T, '’ along the spinner, ‘c" mlong tho out-
e of the' cow] and 'd" along the boundary wall etreaml ‘
.Theiverticeiflinef' ' indicatea “the beginning of the intake.

Unbefugte Verwendung ist sm:(liar, und schodenarsatzplichiip




Comparison between the figures leads %0 the following con-
olusions. From the curves ‘a!, it is seen that the air is arrested
in front of the spinaer, the distancs in front of the spinner
at w:ilch this arrest ocoours-inorsasing as-she resistance to flow
into the intuke incresses. On the other hand mhem the air is suc
iato the intake, the flow clings remarkuably alosély to the spinner{
Alang the spinner the pressure ;-11- from tho stagnation point
onwards, first of all steeply, corrnlyonﬂinc %0 the rapid acoele-
ration, dut, with a resistance in the inteke, rises again con-
sideradly in the reglon wheré /R, = 1 %0 2,'bt!ort 1% receives

.. further ancsleration in the intcko itaolt. 0. the right of 'g'

: (curvci "pt). In this case, which, however, dass not roprtuont ‘
‘& common practical ecase, tho flow from the eatry of the intake:
cowling must be caloulated - ‘taking the crflot of breakaway 1n§9
-} consideration. In the case whnre the thtoughpdt is low; oorrecpond,
. ing to nd—load conditione’ on’ the couyreooor. there is also a
egion-of preseure-rise- whioh indioatoa local breakaway (fig.11),
ivhich finally diaappcare conplotdly undcr conditioas ot_powerful
suction (fig.12) 6n’ the intake ccvling~thcro is & further sgdele-
T8 on, eurvc 'c’, and here aguin the tonaenoy ror broakquy to

the firat three caeaa ahou a snall acceleration along the
oundary wall, 80’ that the trae atreamline- in the free

'n or high alrtlow 1nto the oompressor, shows a practically
"constant: preseure along the boundnry wall.

3trated 1n fis 4. thia hae two _dditional electrodes E4
fii 4 where.the radiat“ 3




w boing the resistance of the eleotrolyte between the pairs of
electrodes indicated by the suffixe. In the above onse, wyy Was
8000 ohme and LIY 10,000 ohae. At the largest cross-seotion, the
radiuo Ru = 143-5 ma, and the boundary wall 'e'-in this case was
placed 33 Ru distant from the axis. In the actusl unit Bu -
356 mm. :

Three caoes were treated with thie.afﬁhngement Pig.14 wae
measured with V13 = 0.9 . Vy20 714 = 0,7 . V12 and Vss = 0.55 -,
712. and represents a case with a small flow through the radiator ’
block and a relatively small resistance in the block. A case with
high flow and a high reeistance to flow through the radietor block

) .ip_Alluetrated_in_tiga15._nhnxe~15 -=_0.8 V,,, V14 = 0.5 V 2 and
753,- 0.4V 92+ Pinally, in ?13.16, 713 = 0.8 V12, V14 = 0 and
'?53 = 0, the reeiotance to flow through the- radiator duct is infi
ty. Pige. 17 to- 19 are a ‘Plot of . values obtained from these three
} fields by equation (1), preesure raf{oﬂ(p-po)/qo being plotted
- ‘Izliuﬁf“i7R“_“I‘_SETKFET.EE;VZ—TET_Ehowa the pressure along the
axis 1n front of the spinner, and curve ‘b’ the preesure from the
etegnation point up to the region of the intake entry cross-section.
‘The verticel linea & g2 and &3 show respectively the - beginning
jot the intake cowling, the beginning of the radiator duct, and ‘the
iQnd of' the radiator ‘duct. Curve eyt gives the preseure along-; the 4
"entry cowling from ite stagnation .point up to the entry to the ' -
radiator duct, and ocurve 02' from the radiator duct exit down-
stream. The pressure on the outer eurfaco of the radiator duct 1eﬁ
'fshonn by ourve a', and, fxnally. curve' ‘e’ is: the yPressure along
' '8treamline. Pigs. 17 to.-19 will de considered
: : ions. The arrest in front of the epinner>>3
\ a') followe closely the effeot obtained in the firet
y A without radiator. Again, curves 'b'. show no - ioportent
‘fferen es ae.between the two' arrangementa. %Pe influence of the |
] :ie only apparent ‘from the inteke ‘entry" croee—aeotio
d - causes the emall preesure maximum ‘et ‘low air £low .
o‘thenconpreseor to become nore pronounced at very high resietj‘--v
) lo t '
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further rearwards. Dorutrou or tha mueo th. prounrc in o .
again aononhat, aonoo the oooling air was rapidly looolorutol 1n -
1 the duct, and the grcqtoat Tise occurs with 'a’ e-all roaiat-noo 4n.

the position of ‘the radiator (curves 02) This proeauro Tise .1-0

ocours with sero flow through the radiator duot. On the outor ‘8ide
of the radiator duct. the praaaure remain- £air1y oonntant (untv.

4). In every case an acceleration or the rlaw took plao. ‘above the
electrodes representing the radiator, whi_ '_ uld not be explainn&
by us. Thether they may be attributed Yo th,'ratiou at tho duct . -
exit, or ahether they were merely oauaod by_aome undesirod afte L 3

“Figs 1 and 3 are ahown in thc cros :
the dimensions ot the contours'used i‘

tial fields 1n figs.

.AV.!h .preeaure conditi_
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It 15 especially clesr frea fige. 25’to 28 that the accele-

" ration along the intake cowling (ourves %o') ie omaller the great

er the alr flcw into the ontry; at high alr ooneunpttone the

proasures sven rices a little.

4. Clooing reamarks.

The tests described above show that, so far -as freedon from
the chanceo of breakaway ocouring are conoorned, the second entry
is to bo preferred. Since, however, this arrangement does not
take advuntage of the slipstream ram, the question ie raised as
to whethar the firast type should be used in spite of the danger .
of breakaway. This question will now _be examined briefly in terms
of a complaete power unit installation.r-~-—~z:‘

The dynamic pressure q = Y2 f ve ( = density._?‘s velvoity|
at the point in question) may be evalusted“fion the pressure
ratio (p—po)/q° calculatod rron equation (1)

we ‘have e
" 4853
as 4 -
ot |. P 1%
‘, r ,( % |
#here the suffixes 1 nnd 2 refer to two geometrically similar .

arrangements. The values for -Aao are taken from the plote of the |
potantial fields, and those for (p-po)/qo from the . pressure curves
From figures 9 to 12 and 25 to .28, -and the: correaponding potentiul
fielda, we have, for, inetance. r the dynamic preesure ratio at
the intake entry crosa-aectioa, q1/q .= 0. 49 with a resietance' n
the annulus, q1/q2 = 0.4% with equal flow outaide and inside the
‘cowling, .11/q2 = 0.53 with a low air flaw 1nto the oompresaor. R X
and q1/q2 ="0.72 w1th a" high air-flow. Suffix 1 refers tothe
arrangement shown' in fig.1, and" suf‘ix 2 to tig. 3. That these .
ratios are 1ess than .ong depends merely on: the fact that the sed
entry is further downstream than the firat, and aleo hae aﬁhigher
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epeod nnd altitude, und on the intake frontsl arca axposed to the
slipstroan.

The Iirut type allowo thio res to be utilised for the acoe-
leration of the flow in thc~intako duct. and « not inconsideradble

‘pressure rive ic attained in front of the oompresuvor ontry. At s

f1light epsed of 250 metres per second (560 m.p.h) at an altitude
of 5 km (16500 £t.) this is equivalent to adding another atngc to
the compressor.

fn_the second type of entry the uir must f{irst be drawn into
the intake by the comprquéi?. which must also supply the work re-
quired to deflect the air into the duct, wad to accelerate the
ai;mggwarde the conrressor. Purtherqore..thq‘qompreaeor has to
work at a higher compression ratio and, therefore , more power
must be supplied.

If the -turbine output is the same for both ‘types, then, at

equal exhaust thrusts, the power transamitted to the propellor ie

greater in-the first case than in the second. On the other hana; )
the tests showﬁ%ﬁ%’firat type will show a greater tendency to
breskaway and will, therefore, have a greater drag. Thus, . the 1n— o
‘creased propeller power obtained will be partially. counterbalanced

-and in unfavourable cases nay completely outweighed. The latter

is possible, if the breakaway in the case of the first cowling
caaaes additional losses over the wings.‘ :

- To summarise, it may be propoeed that .the intake sﬁohld be
placed ‘ag far forward a3 poasible, and prov;ded with ‘a type of

: o—use full ram. The best solutionmwhichr—howevel.
invariably gives certain difficulties in propeller power’ planta,

would be to have an. axial entry for the air. passing through a holl- -

apinner, which also permits an aerodynamically favourable cowling,’

' free from tendenoy to cause breakaway. to be designed. i

g Tranalated by: ’M.COx;iun'

-+ |etn_apriz 1936.
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und ‘L. Ehres.

Title eto.

Uber die Aufnahme rotationssymsetrischer
Potentialfelder in einem neuartigen
elektrolytisohen Trog.

Jahrduch d. deutschen Luftfahrtforschung
1944, unpublished. ’

Translated Fedb. 1946, Plotting rota-
tionally eymumetrical potentisl fields in
& new type of electrolytio‘pnnk. :

Uber den Eirf1uB starker Schallwellen
auf eine stationir brennende Gasflamme.
Zeitechr. f. techn. Physik, Bd. 24
(1943). s..228/242,




letter-rrese.

Diagrasmatio arrangement of spinner and nacelle

with air intske and radiator.

Longitudinal section 8. Badiator duct cowling.
Pront view . h. Rediator bdlock.

Spinner. 1. Alr outlet.

Entry cowling. M. Axis "

Struts. RO,R'. Maximum radil. of ocowling
.Ciroumferential bdars. " Angle of wedge-shaped seoton
Conpreseor entry ductiy BMC Seotors chosen

Radiator entry duot. AMO for tests.

ichtig

Diagrammatio arrangement of profilee .in elsctrolytio
a) Without ridictor; o bpinner.
" b) ¥ith radiator. h ‘Bntry cowling.
HB, M4 Planes ot symmetry . " Radiator cowling.
(Glass plate) | Electrolyte. .
Pg;ﬁ::rg{y:gff°°° Searching electrode,
PR .Outer wall of the tank.

_.'edge angle.

arrangement of model with .-

e
2

Iogirieg agtgz = o S
_ #) Longitudinal sectior. -~ & Spimmer ..
: ‘b) Front.view. .. .- b Bntry cowling.
. /o Intake duct to blower. .
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Pig. 5.

8.

Potontial field for arranzement shown in fig. 4; with

a resistance th . -

Spinner 31, 32; 8, Blectrodes.

Batry cowling . Y12 Potential between 31 and B,
Axis of flow va, . " By By
Boundury streamline '12 = 0.9 713

Potential field for arrangement shown 15 2ig. 5, with
egual flow inside and outside cowling, .

- As for fig. 5, exoept that:-
Viz2 = V43 |

Potential field for nrrangenent ahown ln fig. 4, with

low flow 1nto entgz
As for fig. 5, except that:-f
— V13 = 0,9 V. "——‘*—*-:'**"

Pdtential field for-arrgggement';hownriﬁ'figi'i, with

high flow into entry,

As for fig. 5, except that.

¢

Plot of preeaure (p-po)/qo againat distanoe tron

' stagnatidn point’ x/Rp, for fig.. 5.»,
M— -

3
b

Alodg axis .4 Along outer wall
“Along spinner ) :f_,'- g'Stnrf f‘EE?f}nzaﬁling

f c Along entry cowl
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Pig. 12. Plot of prossure (p-po}ngﬁnguiuct digtince from

atnsnntion int x/Ro,. fir. 8.

Ae for fig. 9.

ng. 13. Arrangenent of profiles for npinnsr snd ontrx.with

radistor duct. )

Glags plate 1100x50C mmz e Outer wall (Bouadapy
Spinner otraualine)

¢ Entry cowling £ Axis for flow (Thmead) .

Radiator cowling Ey to By Slectrodes "

All dimensions in mm ~g—TInsulktion between h4
and r.s .

-Dimensions 11 and !é are the seme as for fig. 4...

14. Fotential field for arrangement shown in fig. 13, with
’ flow into entry and radiator resistance. :

a Bbinﬁgg'u : . & Boundary streamline

b ,Entry cowling f Insulation
@ -Radiator-cowling - s E1 to 35 Electrodés..
. Axis of flcw -

15 Potential fiald for arrsn erent .shown in fig, 1 ‘

o £low into entrx -ang radiator reaistan:e..

v} for ‘£ig. 14, except that:-ﬁ'. _
__,O 9 V12 3 v14 = 0.5 v12 3 v53 = 0.4 v12

£
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"80 18‘ \ K] uy -
otncun:.on point x/Ry, for ng. 15,

e

Au tor tig. 17

Pig. 19. Tlot of pressure (p-po)/qo ugainet distance from
stugnution point x/R;, for fig. 16. -

A ter tig. 17.

Pie.‘ZO. Arraggement of grofileg for modol with mtdified entgl

a Glaes plate 1100:500mm2 a Cuter wall (boundar, otroam-

14
. Axis of flow (throad)
. © Eatry oowling ) x,, 52, 33 Aluniniuq,elactroae-

All dimensions in am. e L .
- Fig. 21, Fotential field for arrangement shown 1n £ig. go. with
~resistance in the annulus, - N e T
3pinner ' 4 Boundary streamiins .
, Batry cowling . By %o Ej’Electrodgs :
Axis’ of flow. o : V12 = 13 T

!ig. 22. Potential field for arrr;gement shown in fig. 20l 'ithl?*
. equel flow iaside and outside !ow;ing. R UERE

As for fig. 21, etcept that'-_'ﬂ
- Viz = V43 , SRR S
‘f Pig. 23. Potogtial field for arraggemont ahoun in fig. 20, with 1
) - low flow lnto ent S , L .

As for fig. 21, exoept thatx-
3 = 0 9 V12 ’

§
R
?
1
L
§

Fig. 24 Pot tial field for arr
' - high flow into entrx.'ml :
4e for fig.. 21, except thats-’»
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Pig. 25. Plot of grinuhza gg-gglzgé sgainst distance froe

atevnation point x/Ro, for fig. 21. =
e e e O
a Along axis . 4 - Along doundary wall

b Alony apinner g “Start of entry.
0 Along eatry ocowling

26...Plot of prewsure gg-EOZZgo against distance from
ctegnation point 5‘802 for fiﬂ. 22. 'f

Ao for fig. 21.

27. Tlot of presgure (p-po)/aq mgainst Gistance from

stagnation point x/Bq, for fig. 23.
“‘:

-

As for fig. 21. .

7

28. Tlot of pressure (p-po)/q, against distance from

astagm tion point x/Rgy, for fig. 24.

As for tig. 21,
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