
o 

t 

«M'GDRY 
P--w- 
^ -a *, . 

YODRY CORPORATION AIUIUOIAKYOF AUHOUR ANO COMfAHY • U\ \ rO»TOftW Y/AY, UAH NAM0H. CAUfONHlA 940ÖI • THOrttl 4i*«l*7^»ÍO# 

\ / 
/ 

U. S, Anny Natixk LoboratoïlBe 
Contract Wo» DA 19-129-AmC-62l (N) 
Projoct No » /IAO-131)01“ASIA 

. >, ■ 

t , . ' r 

PHASE I REPORT 

• i. . 

\ • • * , ■ ■ 
V . , . 

' . , K 

I . ’ . ■ s ‘ • ■ 

: . ’ J ' SíJpfOijy »tu- 
i ' CLEARINGHOUSE 
; t ' lor d S.ct«nnfK & T'tí-hic ii 
I • ■ in‘Cf ;t’ili :;.'i Scrinqfir‘ld V2J1i>î 

< 

I 

r { 

OMIS DOCUMENT HAS BEEN APf»IYOVf.D M>K 

jJÜrfi.rC RELEASE AND SALE; PTS DISTRIÖUTION 

VJ UNLIMITED. 

D C 
^ (ñffiíSSHBiílZ 

JUt) 5 1910 

ESEinns 



‘ J U ■ 
U.S. Army fJatic:l< l ahDrritnritia 
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PHASC I RCPORT 

1. INTRODUCTION 
/ 

/ 
/ 

The purposQ of this contract -is to datorinino tf}s optimum design of 
! / t ^ 1 I 

microiuavo ovens to support thjO Speed Field Feaqing* concept* The* 
! ¡ 

study is to proceed in two étages i ' Phase I9 in which the contractor 
f ^ ^ • ■ 

is to make a through study of the cooking system requirements and 
/ 

determine how all requirements can be accomplirhed, and Phase II in 

which the ,contrae tor is to study all problems end determine the 

optimum methods of solving them* This report will summarize the 
/ • 

work on Phase I of the study contract* 

! 
At the present time» it is planned that the Bpepd Feeding 

System will'be comprised oF two major units, a Mobile Bakory which 

will service 5000 troops per day with bread and pastry and a Mobile 

Kitchen which will cook 3 meals per day for 200 men. The Bakery 

and Kitchen are to be self-sufficient units built into a standard 

military pod which may bs mounted on a truck or trailer or air 

transported for field emplacement. 
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I, DISCUSSION 

A* Tha iïlobile Bakory 

' 1, Tho Bakery will be comprisod of two similar pods,, a 
r 

1 Bread unit which will ba required to bake 150 pounds pf 

bread por hour, and a Pastry unit which will be required 

to bake 50 pounds of cakes, cookies or rolls por hour* 

It is intended that the microwave components of those 

‘ two separate units will be idontical so that either unit 
t . . ■ 

/ may be substituted for the other providing maximum field 
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flexibility. In view of ths lorge quantities of bread or 

pastry per hour which tho units must produce, it is defini¬ 

tely felt that a continuous conveyor type microwave oven 

/ . . ' \ 
is most practical'. A 'mixer-extruder either for pastry or 

/ " • . 

for bread will contiguously extrude dough onto the micro- 

wave oven convGyoryijert'. The dough will pass through the 

microu/ave oven ir/a period varying between 3 and 10 minutes 

depending upon^the product' being baked. A browffing unit wil),s 

be utilized within the microwave oven to produce a browned 

crust on breads and rolls. .,,, 

2. A series of tests were performed to check the feasibility 

and baking characteristics of several types of bread and 

..-, • r 
. pastry mixes. .The military instant bread ynix No. DA-19- 

1?9-AMC-114/N/ along with General Foods, Tenoral Wills, 

and Pillsbury cookie and cake mixes were used in a series 

^of. évaluâting experiments at both 2450 me and 915 me. 

Various power levels and cooking techniques, were tried 

at both frequencies. 

A hot .gas source'to simúlate gas turbine exhaust tempera¬ 

tures was designed and constructed« This device was used 

in tests to determine the feasibility of browning bread 

with hot air which would be supplied by a heat exchanger 

mounted in the gas turbine exhaust manifold. 

• 

3, The bread baking experiments have yielded the following 

information and conclusions: 

ö. Both frequencies can produce satisfactory bread,* 
• -t> * . .• t 

cakes, rolls, and thick' "caks-like" cookies, 

b. At 915 me very thin dough such as pie shells or 

/ 
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'2450 meo At 2450 mo the fchJ.n it.oma occaoionaUy 

exhibited localized ov/er-heeUng, 

Browning with the oimolntoh goo torhino exHouot woo 

‘■■'„„t vary ohocoom/ It .PP»r. that th. doslcooting 

i' orrBCt or tho h/t oír producen o burning rather than 

browning octip'n on the bread cruet. A decidedly 

; / „ore oatiefeitory browning can be ecoow, iehed 

;; using infra red hooting located directly ató« the 

•.surface of the bread while baking. 

U When bread and cake* were baked on a polyethylene 

; coated paper it was found that the bottom surface 

• ,. of the bread or cake tended to be moist and soggy 

' because of trapped moisture. A more^desirable 

r: texture was obtained when these items were baked on 

; a porous newsprint-type paper. A porous paper with 

'•a high wet strength should bo used for baking to 

. oiiminate' this excess moisture problem. 

, important pelt of the Speed Field Feeding concept is 

,at each unit be self sufficient, capable of generating 

(3 own power and cooling roquirements from commonly 

/ailable field fuels. This aspect of the Speed Feeding 

/stem has been throughly reviewed. The major problem 

3 one of compactness and available space, it now appears 

qat the use of gas turbine for power generation is most 

easibiJ and practical. (See Appendix l). We are continu 

ng to investigate "total energy system" packages which 

rovido electric power, hot water, steam, hot air and cold 

ir from e single unit utilizing a gas turbine as a prime 
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powor source. 

Phase I of this study contract contains a list of specific 

'questions regarding the mobile Baker* to be inves'igatpd. 

many pf these questions haue been couared or touched upon 

by the previous general discussion. For convenience oach 

question will be/answered individually below. 
• / 

a. What size' conveyor is required to produce the speci- 

' fied amount of finished bread and pastry products? 

- : :, , ’ihe bread dough will be extruded in an 16 inch 

width. To ba conservative a 3.5 minute oven dwell 

V time will be used in the calculations. The minimum 

; ' requirement for baking is 150' pounds^ of dough per 

^ hour or 2.5 pounds of dough per minute. Using 

specific gravity of .75 for freshly made instant 

Y bread dough, a sheet of dough IB inches wide and .5 

; inch thick wuuld weigh 2.9 pounds per foot. To 

i, satisfy these conditions the microwave length of the 

y ! ‘oven must bo 3 feet* 

b. What style of conveyor mechanism is optimum? 

A belt type conveyor utilizing an open mesh 
w » ’ . 

.silicone rubber coated fibreglass belt appears at 

the present time to be the best choice. Since new 

materials suitable for use with microwave devices 

are under constant study, alternate choices may be 

‘ . available at the end of Phase II. A variable speed 

electric drive motor with speeds from .25 foot per 

minute to 2 foot pur minute is suggosted. It may be 



desirable to control thn oven corjueyor speed by ^ 

'■■■ 

the mixervextruder unit output* ‘ '4 

Do the power intensity Fields iri the ov/ons need /• 
. ,, . * y • ’■ ■■ / •• . , / 

tapering so as to achieve rapid heating at first / 
; • : ■ / t 
and slow-heatihg to finish? What is optimum? i 

. . '* */• : 
/ . • 

From vthe' present experimental baking tests 
"**•' C ' / . ' .... 

1 ‘ /. 

there appears to be no necessity for tapering the 

fields in^the oven. To produce an effectively 
# . * 

tapered ' microuiave field would be a design problem 

, which hardly seoms justified in view of the doubt- 

ful/benefits.to bo gained. 

Is gas turbine electric power the best portable 

power source considering all factors^ 

One of the major problems to be solved in the 

design of the power source is space. The gas turbine 

enjoys a considerable advantage in compactness and 

for this reason is probably the best choice (see 

Appendix I for additional discussion). 

What is the design configuration of the best electric 

power source and will it fit under the bread baking 

: conveyor? , ‘ . . / ■ 

Present thinking calls for the -power generator 
f 

to be placed under the conveyor bolt platform on the 
/ 

front wal\l of the pod. The size of a 5D kilowatt 

g. i : > turbine generator is compatible with this space. 

More detailed design analysis will be dona in Phase 
_• r 

II of this study contract. 

What is the best method for browning bread? 

Considorution should be given to straight 
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i _ • / 
■ peatstonce htn.Uu-e or gas hoatars if turbina N 

Gxhauat is insuffici ant « . ' j / 

; j Aa stated above, browning i|ith simulated turbine / 

: fexhaust has not been outstandingly successful. It is 

recommended tha^ infra red units within the baking ^ 

portion of the oven bo planned for browning, 

n./ What is the'best microwave heating frequency for each 

. ! oven and /hat are the maximum power requirements? ‘ ; 

Are pow/r level controls required? 

For baking a dough layer ,5".in thickness, 

oither microwave frequency can be used. Considering . 

oían dimensions and pod space limitations 2450 mes | 

'^ould be preferable. It has also been noted that \ 

^ 2450 mes will bake thin items more rapidly. j 

Bread baking will be the maximum cooking load ,• 

and requires .05? kilowatt hours per pound of broad 

! dough. '.Thus 150 pounds of bread dough per hour will ^ , 

require B.5 kilowatts. Based on 70fo efficiency, a i 

12 kilowatt microwave oven will be required. 

It is proposed that a high-low switch be used 

for full power and approximately two thirds power. ,- 

'■The other variables will'be belt speed and belt 

loading. This will simplify controls for operating 

personnel and take care of a wide range of unforeseen 

needs* 

h. What is the optimum microwave power source design 

• for each oven? It must be very easy to maintain, of . 

simple design, rugge'd and assembled into replaceable 
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packoQtju dû that the bakeu-a' can/chango modules if- 
¿ , * » 
; \ 

a part failse 
■ ‘ ' i 

Tho simplöst systam for generation of tho 

k';r microwave power-is a magnetron^ Since the magnetron 

is a self-cont/ined power oscillator it presents 

* À j 
the most tec|lnically advantageous and least expen- 

; / 
give power/source for microwave cooking, A magnetron 

system consists of tho following major components* 

magnetron, high voltage transformer, rectifiers, 

filament transformer and magnet assembly« These 
/. 

components are easily designed as replaceable modular 
/ 

units of.modest size for magnetrons of the order of 

/ / ■ 
/ 3 kilowatts power output. 

i./ 

What minimum electrical operational indicators are 

required to show proper operation or modulo failure? 

The operation'of the magnetron can ba controlled \ 
\ * 1 

by push operated on and off switches with "on and . 
, - \ 

stand-by" conditions indicated by lights, monitoring 

of the magnetron anode current will be most indicat- ! 

ive of the magnetron .performance. Abnormal operation 

or unfavorable load impedences would be reflooted 
1 i - 

in this current. 

Is there any advantage of using high frequency , 

electricity from a direct drive turbine generator? /, 

The main advantage of the direct drive turbine 
/ 

/ 

gonorator is rnochanicol* Tha direct drive pernnits 

elimination of the reduction gear unit which is . \\ 

expensive, heavy and a maintenance problem. Present / 

development work on tho direct drive turbine' generators 



wuuüd roMi.lt in 320D cycloa por. secón d pouirar« 

This froquoncy could bo usod for oporotion of the: 

Bakery units. 
f . ' 

The use of high frequency electricity would 
' / 

reduce the siz^of the main high voltage power supply 

and filterinq/compononts. Ripple frequencies would 

■ ! ' 
, bo high and more easily filtered. The pod lighting 
i . , . » 
;;could be fluorescent lights which work mortT efficien- 

on high froquoncy electricity. 
•. |l » ‘ * 

;;*■ "Offsiting these advantages is the disadvan- 

:/J;age' that most motarsf control equipment, and other 

ipommonly available accessories do not operate from 
, V / ' 

^3200 cycles per second power. / It would be required 
X . 
í*that the high frequency power be rectified and 

accessory, components selected which operate from DC 

voltages.' 

What method can be used for starting up the conveyors 
r • . . 

when they, are not loaded with products? 

The microwave oven should be designed so that 
i ’ ■ 

full microwave powor can be applied with no product 

on the conveyor. When product is run the first one 

or two minutes and last one or two minutes of 

production may bo overcookod and have to be discorded. 

Since we are talking about continuous operation for 

several hours of production this diseaxd is only a 

small percentage of the total product. 

What will be the heat and noise levels inside the 

Bakery truck? 

Botl/of these items are of concern to us. 

V n n H 1 n h i n n . n n r h n n s air rrmrHHnninn «nH V*-"'-* »r> j-f 
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proofing tochniguos will bo utilized to insure 

reasonable working conditions within the Sakory 

truck. Further details on tinsse problems will be 

presented in the/Phase II report# ? 
■ .. / •: / ' • 
How much will tfie ovens weigh complete with electric 

power source? 

This, information will not be available until 
! 

the completion of the Phase II design work^ 

Uihat is the dollar cost of purchase and maintenance 

:based<on quantities shown in paragraph A, Objectives? 

/This information will not be available until 

thé completion of the Phase II design work# 

lilhat maintenance frequency is necessary? 
' . i 

The microuuav/e oven and conveyor/equipment can 

and should be designed so that routine maintenance, 

other than good daily housekeeping practices, is 

not required more than once per month. 

The Mobile Kitchen 

‘I, The Kitchen will consist of a single pod. It is 

intended that the Kitchen provide 3 mea,Is a day for 
,i ' 1 

- 200 men, and that these meals be served in a 60 minute 
• 1 « • * 

, ; period# The maximum food load for the microwave oven 

for any one meal will be 00 pounds of raw meat, 50 

pounds of frozen vegatable.s and 50 pounds of raw ■' 

potatoes for baking» Cooking time may be staggered 

so that some food can be coming out of the oven during 

the time of serving# The microwave oven will be 
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' (J ■ o 
roquirod to cook'row foods, hoat pre-conkcd foods, and 

cook do-frostori frozon foods. Duo to tho largo variaty 

of foods which tho microwave ovon must.' procoss, wa feel 

l/pafrad. I 

h 
I ' 

that Ijatch ovons'arG indicatod. 

2. A sor|p9 of exporimonty wars parformod to tost tho cooking 

chara^taristics of meats, vogotablos and potatoas. Various 

V. cookitig techniques and power levels wero tried and both 

r 
I 9 

I * 

2450 i^cs. and 915,"mes. 

The mi'prowavo cooking of some foods from the raw state 

presents a problem. In many foods, particularly meats, 

it appears that once the cooking temperature has been 
• i # 

reached avoiding period at this temperature is required 

in order for chemical processes which produce tenderness 

This approach is quite feasible since microwave power 

readily passes through insulating materials which prevent 

heat from being lost. In our cooking experiments, simple 

poly-foam containers were utilized, and excellent results 

were obtained 

3, Tho food cooking exparimants have yielded tha following 

information and conclusions! 

a. Both frequencies can cook the majority of foods. 

Howaver, 915 mes penetrates further in bulky items 

such as roasts, whereas 2450 mes works bottor on 

very small items, such as peas or beans. 

b. The size and shape of a food item can cause unexpec¬ 

ted cooking results. Tho geometry of the food play: 

a very important rolo in the rate in which tho food 

and flavoring to take place. To solve this/problom and 
T 

alvso help keep the cooked foods at serving temper at nr , 

wo suggest that many foods be cooked in insulated containers. 
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^ absorba microiuav/o onorgy and the uniformity of ' ■ 
\ 
\ hnating, 

c* On many items a ^eating period followed by an 

equilibrating period is necessary to produce an 

optimum produ^/. Cooking is a timo-tempera ture 

relationship/ and heating prucends so rapidly in 
i 

i microwave cooking that holding time is required 

/ for tenderness and flavor to develop in some foods# 
/ 

d. Stirring of the microwave fields and or movement 
' / 

of the item being cooked is very desirable to 

provide uniform heating of the food. 
/ 

e. Although not essential, a combination microwave 

^and conventional oven would provide maximum flexi¬ 

bility in preporation of foods# It appears that 

there are a few items on which simultaneous use of 

conventional hot air heating plus microwave power 

would be very effective. 

4. Comments on the list of specific questions in the study 

^ regarding the Mobile Kitchen are summarized below. 

a. Is a batch or conveyor oven better? 

As stated above, due to the tremendous variety 

and relatively small amounts of foods to be cooked, 

batch ovens ore definitely indicated. ; 
t 

b. If it is a batch oven, should there be two or more 

oven shelves with individual controls to accomplish 

the wide variety of proposod cooking? What size 

oven and shelves are required? 

. The maximum microwave cooking requirements 

i. 
f 

\ 

f- 
n 
i 

i- 

!\ 

i. 

(> 

! 

wore stated as 50 pounds of potatoes, 50 pounds of 



-12- 
i 

I v/ogotables and BO pounds of moat. Tho sholf spacn 

i f 1 
1 ond microiuavo poiuor requirement# for this cookinq 
i / h® i' 
y load are as foHowsi 

/ 
Shelf space and mirroiuava noujer requirements 

I tern 
. / 

Potatoes 
Vegetables 
Meat* 

Wsiqht ; Shelf flrna 
/ 

50 lbs/ 7,5 sq. ft. 
50 lb:/. 10.5 sq. ft. 
00 lbs. 3 sq. ft. 

' / 2Ï sq. ft. 1 
* Four way beef 4" x 4" x. 12" 

Microwave Power 

2.5 KWH/ 
3.0 KWH 
6.5 KWH 

12.0 KWH 

I 

/° co°k the above food load in a one hour period 

/uie would need 21 square feet of shelf space and 

^ 12 kilowatts of microwave power, p/esent commer- 

^ cially available high power microwave batch ovens 

■ range from 2 to 3 kilowatts with shelf areas of 

; 3 to 4 square feet. The possibility of oven designs 

to meet the above requirements will be studied in 

more detail during the Phase II portion of this 

contract. 

c. Is gas turbine electric power the best power sourco 

, •considering all factors; what form does the best 

source take? Can it be contained undor the ovon? 

Previous comments regarding the gas turbine ' 
J'-*-*'-.1 / 

(see section*A-5-d.and q above) apply to this 

1 question. 4 ' • ' *• ' *’* 

d, What is the best microwavs froquoncy and how mucfi 

power is required? How should tho microwave power 

be produced to achieve uniform heating? 

Duo to the variety of foods which will bo pronesr-.d 
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In the kitchon and the pronouncod influence of thp y>( 
I J 

food gaomotry upon its cooking characteristics we 

feel that oach k/tchen should bo equipped with one 
• s / . 

I oven of each frequency. 

[ Microwave power is most uniformally distributed 

^ in g fully loaded oven if it is introduced from a 
* t • 

’ numbsr of/radiating apartaros. Additionaj^uniforirvity 

1 may bo a^hiovad by tha usa of stirring dauicos or 
/ 

by reflecting surfaces which introduce displaced 

* i 

I 

l 

1 • 

/: 

/ 

y 

I 
field patterns. 

G.j Wh'at is the optimum microwave power source and what 

. /is the design configuration? .How does it fit into 

, the oven? ‘ / 

> The comments of Section A-5-h above apply in 

j. this cose. 'Additional study of the design configura- 
/ • * 

,>■ ’ "tions will proceed in Phase II of the contract. 

f. What microwave power controls are required for 

cooking the variety of foods described? 

The’microwave ovens should have a high and low 

power sotting. The major variable control of 

cooking will bo the length of time which foods are 

■in a microwave oven. A simple timer which shuts off 

microwave power will bo the other cooking control. 
/ 

g. Sea section A-5-i above. 

h. Soe section A-5-j above. 

i. See section A-5-1 above. 

j. See section A-5~m above. 
» \ 
k*. See section A-5-n above. 

1. What maintonanco is necessary on the oven microwave 

7 
/■ 
* 

r 
! 

- lui 

./ 
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. oyatom ontl turbinn and how oftnn? 

Tha microwav/a botch oven should bo a vary 

rolladle and troijblo freo dovi^ç roqulring a minimum 

of maintonancG. / IF properly designed thoso units 

*V -phould bo a b 1 o* to go as much as throo months between 
t‘:V / 

inte ^routine maintenanco periods 
• * /» 

The ma.ïntGnance aspects of tho gas turbine are 'i 

l discussed in Appendix I« Wo ore continuing to 

review and discuss all aspects of tho use of gas 

y turbines with the various manufacturers, 
ÿ 

n& What form and design will plug in replacement micro 
I / 

^uave power modules take and at what cost? 

) 

Jn 

This information will not be available until 

the comnlption of the Phase II design work. 

Can the requirement for the incineratur be included 

utilizing the exhaust from the turbine electric 

generator? 

Present commercial incinerators operate at 

combustion temperatures of around 1Q0Û F « The 

temperature of the exhaust gas from the gas turbine wil 

be about 9000^.} therefore complete incineration 

utilizing exhaust gas alone is not possible. Two 

possibilities suggest themselves; turbine exhaust 

gas could be used to supplement heating from diesoi 

fuel burners in the incinerator or turbine exhaust 

gas could be usod to simply dehydrate and sterilize 

moist wasto material. 

fho incinerating problem for tho Mobile Kitchen 

should receive thorough study. Many of the disposable 

f y 



i y 
ploatic itcims which tho military will bu using 

prosnnt a r.orious problem in Incineration} coma 

plastics giua off/toxic fumss when burned and others 

• simply molt'and/will-clog conventional incinerators. 

There are/several other possibilities for 

utilizing th/hot exhaust gas from tho gas turbine 

'■ / within the Mobile Kitchen. 

1. Wat/r can easily be heated utilizing a simple 

-uLt exchanger in gas turbine exhaust manifold. 
f 

2. Waste water from the sink could be evaporated 
/ 

/ in a coil passing through the gas turbine 

/ exhaust manifold and discharged into the 

atmosphere rather than be drained upon the 

\ ground.^ 

■'j 3, The hot air for conventional heating in the 

oven could be obtained by use of a simple 

' air-to-air heat exchanger in the gas turbine 

manifold. 

liUfi'NAR y 

In general it appears that the microwave cooking aspects of the 

Speed field Feeding System are feasible. West of the cooking 

and baking requirements are within the present state of the micro- 

mave cooking art. In Phase II of this study contract we will 

concentrate on the specific design problems of each of tho pieces 

of microwave equipment’.-' The only major technical problem which we 

farseo at the preçont is that of packaging the microwave component 

in units which are small enough to be compatible wxth tho pro- 
» 

Kitchen and Bakery pod designs. ] iminar y 
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Appendix 

Powßr Source (fo)? the Speed Field Fooding Syofcorp 

'T]\o power rotpilroinontu /for tho mobilo iiold liilcliqn, wliich in under 
ohuly, will apppoxbnaho AQ }:w. With ulloyranco for auxlliarlrm and poo- 
aiblq unplanned for uoayq tho raiiny pf iho pov;or unit ohould l-o alx>\it 
50 lew > , , . » < • ' / * 

Wliilo prototype imito of thia/aiz© have beon produced in both the 
thermoelectric generator and tho fuel coll,, the practical feasibility 
of these devices in this uitfo and use has yet to be demonstrated. Tho 
fuel coll for instance is very limited in the fuels that it will util¬ 
ize. The thermoelectric generators have proven to be very useful in 
the wattage size, but multi kilowatt size units are not presently ayail- 
able. ' 7 

The two most attractive means of power generator for this applica¬ 
tion at the present time are, tho reciprocating engine generator units 
and the gas turbine generator set. Among the reciprocating engines 
either the gasoline engine or the diesel engine may be considered. Hovh 

ever, the diesel engine set is tho more popular, and therefore moro 
readily available,. , . 

Among tho gas turbines there are only two manufacturers who are 
currently building units of the small size required. 1 The variations 
available with the standard production units are minimal, hov/ever there 
are modifications in the development stage which may offer very attrac¬ 
tive advantaged for the field kitchen application. 

> 

In comparing the gao turbina prime mover with the reciprocating 
engine there are several pointd which may be considered. 

! 

They are: 

1. \ cost 
2., weight <& volume 

/ 3. fuel economy 
4. ' reliability 
5. environmental adaptability 
6. maintainability 
7. parts availability- 

• 8. ' military standardization & 
acceptance ^ 

9. noise & vibration 

From the standpoint of unit cost tho self contained diesel engine 
generator act will r^st between £,6,000 and £10,000 for the subject appli¬ 
cation. The actual, price of tho unit will depend upon the features 
specified with unit. On tho other hand a gas turbine generator set of 
tho same size (and built to Military specification) will cost between 
£20,000 and £40,000. The prices quoted are based on presently produced 



: standard military portable povror unitpt There are raodificatione which 
could be made in the gao turbino imita which would not affect the unita 
utility in the mobile kitchen that might roault in significant savings• 
This of course is predicated upon a volume purchase of units. , 

The weight and volume comparison of the reciprocating units versus 
gas turbine units ia normally of ^ittle consequence in most commercial 
applications. However in military applications these paromotors assume 
con si do rabie importance. The cubage or volume comparison of the two 
prime movers indicates a definite difference. The diesel engine gener¬ 
ator sot in this size occupies approximately twice the volume of the 

. equivalent gas turbine unit./ With the Ibaitod space available in the 
mobile kitchen pods, the g^ö turbino unit offers a definite advantage 
on this point. . , 

Likewise, the gas turbine is a much lighter unit than the equiva¬ 
lent diesel,powered unit. The ratio being in the neighborhood of six 
to one. This weight difference bocoraos particularly significant if the 
pod i a to be air-bomo, 

The fuel economy of the reciprocating engines is considerably 
better than that which my bo anticipated from a gas tuibine. , In fact,, 
the fuel economy of a very small gas turbine might be considered to be 
atrociously pbor. This results not only from the metallurgical limit, 
which iv»stxiV'LH all gua tnilii.e officiuicy, but’also from the increased 
windage and blading looses which are magnified by the small size of the 
units. .Fuel economies in the range of three to five pounds per kwh may 
be expected, from those small units while fuel economies of loss than one 
pound per kwh are not uncommon with a diosel engine generator set. 

The question of reliability of gas turbines ver bus diesel engines 
in these small sizoo is not easily answered. The diesel engine has 
proven to be a reliable workhorse with many years of experience behind 
it. An industrial diesel engine of largo size may last ten to twenty 
years, often with as long as 10,000 hours between major overhauls. In 
the case of the smaller units, such as are being considered for this 
project, 5,000 hours between major overhauls would bo uncommon if tho 
.origine is operated continuously. However this particular application 
calls for intermittent use, with frequent starts and stops when in use 
and long porioda of idleness when the kitchen ia not in servico. Under 
such conditions, a high degree of reliability can bo maintained only at 
the expense of a continuous and expert preventative maintenance program. 

Tho gas turbine ia a relative newcomer to tho field of prime movoro, 
however tho largo gas turbines have firmly established a record of relia¬ 
bility in both contkuous and intormittont duty. However tho vary small 
gas turbines have been very recently developed and there is little 
experience behind them.. It is probably safe to nosumo that tho actual 
engine life will bo somewhat shorter than that which might bo expected 
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of tho lurqo gao tur)>ineo ))oca\\oo of 1:}io highar oi^oodo of l.ho öhv\] 1 
enginoß. Thin higher onqino apced remilfa in much higher gear £j])ooda 

•which will prol^ably roduco.hho .unit ^Lifo considarably. 

Considering the inherent simplicity of the gas turbine versus tho 

complexity of tho diesel engine, it is probably safe to assume that the 

starting reliability of the small’ gas turbino will be better than that 

of a comparablo sized dioso! engine undor field conditions* On tho 

other hand, it is also safo to assumo that the frequency of major ovei> 

haul will also be higher for the small gas turbine because of the ^ 

increased bearing and gearing wear. 

/ 
The problems of environmental adaptability are quite different for 

the two prime movers. In'tho case of the diesel engine the major envi¬ 

ronmental problem is in*the question of low temperature idleness and 

• starting. The cooling system of a diesel must be protected against 

freezing and tho lubrication system must be at least preheated to permit 

start-up lubrication^ In the case of a gas turbine the environmental 

problem is one of high ambient temperatures. Ä gas turbine's maximum 

power output is limited by the turbine temperature which in turn is 

related to the inlet air temperature. There is considerable derating 

of tho maximum power capability of the engine as the ambient /temperature 

increases. Therefore, if the gás turbine is chosen as the energy source 

• for the mobiie field kitchen, the rating of the engine should be based 

on the maximum anticipated ambient temperature. The only requirement 

- fore extremely low ambient temperatures is a starting battery heater, 

which is standard equipment on most portable military units. 

^ / 
The problems of maintainability of the two engines are also quite 

. different. Both the diesel and gas turbine engines require skilled 

maintenance personnel. However the gas turbine is a very light and 

compact device and the usual maintenance proceedure is to change the 

coup lote power package and do the maintenance work on the bench. While 

the diesel engine is larger and heavier and the inclination, at least, 

. 'is'to attempt to perform the maintenance in place. Even with engiije 

. changes, the down-time for maintenance should be considerably less for- 

'rthe gas turbine. *i 

Parts availability for either the diesel or gas turbine should be 

equally good, however because of the lessor number of parts in tho gas 

turbine, the problem of stocking spare parts should be considerably 

•reduced. ' . 

The question of military acceptance and standardization from an 

overall point of view is of* no problem for either prime mover. How¬ 

ever the question of acceptance is primarily one of the preference of 

the specifying agency and their ability to gain approval of their çhoice 

i. / 
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The noloo of either the gas turbino or tho cIíqbg.I can be readily 
attenuated to on acceptable level, however the vibration problem of the 

two machines is cfuite different. The gas turbine must be well balanced 

to run at all and the vibration problem is primarily high frequency gear 

vibration or chatter. While the diesel engine has a much lower vibra¬ 

tion frequency which is amenable t¿ damping. 
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