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ABSTRACT OF THE DISCLOSURE 
A simplified and improved microwave heating device S 

described. The item to be heated is positioned within a 
shaped microwave energy field in such a la that 
substantially all of the incident microwave energy di. 
rected thereon is absorbed by the item to be heated. Said 
item is rotatably mounted in Said position, the axis of 
rotation is positioned at right angles to the direction of 
propagation of the incident microWave energy. 

ser 

This invention relates to a simplified and improved 
microwave heating device. In one of its preferred embodi 
ments this device takes the form of an apparatus to warm 
human blood or plasma preparatory to transfusion 
thereof. 

Specifically, the invention relates to a microwave heat 
ing device designed and constructed to heat an ten 
throughout its entire volume to Some predetermined ten 
perature while minimizing local overheating within the 
item. To accomplish this, a shaped microWave energy 
field is generated within an enclosure for confining micro 
wave energy. The item to be heated is rotated within the 
general confines of that field and the 1ten iS positioned 
generally at right angles to the direction of propagation 
of the incident microwave energy. The configuration of 
the generated field and the item together with the con 
tainer for the item are matched so that the bulk of the 
incident microwave energy is absorbed directly by the 
rotating item. In this manner, it is quite simple to deter 
mine the microwave energy requirements to achieve the 
desired final temperature in the item to be heated. Know 
ing the energy requirements, it is relatively easy to cali. 
brate the heating device so that a given heating cycle will 
provide the appropriate energy input and raise the temper 
ature of the item from one known initial temperature to a 
given predetermined final temperature. For example, 
blood for transfusion is often packaged and stored in 
plastic pouches of approximately 500 ml. volume. A 
typical storage temperature is about 5° C. The generally 
accepted transfusion temperature is about 35 C. Hence, 
sufficient microwave energy must be supplied to raise the 
temperature of 500 ml of blood about 30° C. Knowing 
the electrical and physical characteristics of the heating 
device, it is a relatively simple matter to select that cycle 
time from a calibration curve which will provide the re 
quisite microwave energy to achieve the desired final 
temperature of the blood Sample. 

It is known that microwave energy will heat a variety 
of substances. Devices embodying the microwave prin 
ciple are numerous in the prior art. Hence the funda 
mentals of propagation and control of microwave energy 
and the general operation of microwave heating devices 
are well known to those skilled in the art. 

Radio frequency heating of blood Samples preparatory 
to transfusion is known. However, there has been a re 
luctance expressed in the literature to apply microwave 
techniques to the heating of blood for transfusion. It has 
been felt that the interal molecular stresses created by the 
subjecting of a blood sample to the conventional micro 
wave energy fields resonating in a more or less conven 
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2 
tional microwave oven would result in physical and 
physiological damage to the blood. 
Were one to heat a blood sample in a conventional 

microwave oven, such as the type employed to heat frozen 
food, damage would indeed result to the physical and 
physiological makeup of the blood sample. Illuminated 
in a more or less conventional resonant cavity with its 
concommitant resonant modes or standing wave patterns, 
the blood sample would be subjected to serious local over 
heating in those vicinities where it was exposed to field 
areas of high microwave energy. Heating would be quite 
uneven since, generally speaking, for every area of high 
energy there is a corresponding area of low energy. 

Prior art methods of warming blood preparatory to 
transfusion, therefore, have been generally less than com 
pletely satisfactory. Radio frequency illumination is slow 
and prior art methods are specifically designed to work 
with bottled blood. Microwave illumination in conven 
tionally available devices is deleterious. Both time and 
temperature are critical in the warming of blood. Over 
heating is to be avoided. At about 40 C., anly about 5 
C. above the usual transfusion temperature, haemolysis 
of red blood cells begins. Similarly, when the heating 
cycle is prolonged unduly at temperatures only slightly 
above storage temperatures, metabolic processes initiate 
within the red cells and partial destruction results. 

Accordingly, it is a general object of the invention to 
provide a microwave heating device which provides a 
rapid Warmup of the item to be heated and which avoids 
local overheating of the item to be heated and which 
avoids local overheating of the item. 
Another object of the invention is to provide a micro 

wave heating device wherein the item to be heated is 
positioned within a shaped microwave energy field in such 
a manner that substantially all of the incident microwave 
energy directed thereon is absorbed by the item to be 
heated. 
A further object of the invention is to provide a micro 

wave blood warmer of an improved design wherein a 
unit of blood can be rapidly heated from its storage 
temperature to transfusion temperature without local 
overheating of the blood sample. 
The invention will be described hereinafter as a blood 

Warmer. The novel features believed to be characteristic 
of the invention both as to organization and method of 
operation, together with further objects and advantages 
thereof, will be better understood from the specification 
considered in connection with the accompanying drawing 
in which a blood warmer is disclosed as an illustrative 
embodiment of the invention by way of example only. It 
is to be expressly understood that the drawing is for the 
purposes of illustration only and does not constitute a 
limitation of the invention. 

In the drawing: 
FIG. 1 is a cutaway perspective view of a microwave 

blood Warmer showing means for rotating a blood sample 
in accordance with the invention; and 

FIG. 2 is a simplified operational schematic diagram 
for an improved blood warmer in accordance with the 
invention. 

Referring specifically to FIG. 1, there is shown a micro 
Wave heating device adapted for the warming of stored 
blood preparatory to transfusion, including a microwave 
generator (not shown), a microwave guide (not shown), 
a microwave heating enclosure generally designated as 
10, and a microwave coupling element generally desig 
nated as 11. In enclosure 10, rotatably mounted therein 
is a Support and positioning means, permeable to micro 
wave energy, such as the cylindrical plastic container 12 
for holding the blood sample. Container 12 comprises a 
hollow cylinder 12a and ends 13 and 14, at least one of 
which is demountable to permit insertion of the blood 
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sample. Respectively integral with said ends are support 
means such as support hubs 15 and 16. Mounted to the 
sides of enclosure 10 are mounting support means such 
as brackets 17 and 8 for supporting container 12 through 
hubs 15 and 16. A means for rotating container 2 is 
provided. Engaging gear 19 is mounted on at least one 
of ends i3 and 14 of container 12 and axially aligned 
with the long axis of container 12. Engaging gear 19 en 
gages drive gear 20 mounted on shaft 21 extending 
through the side wall of enclosure 10 and suitably cou 
pled to a drive means such as motor 22. 
When a blood sample, typically packaged in a plastic 

pouch is placed in container 12 and the power is acti 
wated, the rotation of container 12 about its axis causes 
the unit of blood therein to generate a cylinder of rota 
tion, the exact configuration of which is dependent on 
the shape of the blood sample. Rotation in this manner 
causes fluid mixing. This combined with the impingement 
thereon of the shaped microwave energy field directed 
into the cylinder of rotation provides for rapid and rela 
tively even heating of the blood sample without apprecia 
ble local overheating. Mixing from the rotation of the 
blood sample prevents stagnant areas within the sample. 
Rotation also improves the uniformity of illumination 
over the entire volume of the blood sample. Speed of ro 
tation can be critical for liquid samples of relatively high 
viscosity. Cooler more dense liquid, when quite viscous, 
resists diffusion into the warmer less dense liquid. In 
creasing centrifugal force on the rotating liquid by in 
creasing rotational speed tends to throw the cooler more 
dense liquid to the outer periphery of the cylinder of ro 
tation thereby making it available for absorption of 
microwave energy and significantly improving the uni 
formity of heating. 

Rotation alone is not enough to provide the requisite 
rapidity and uniformity of heating. A diffuse or too weak 
microwave energy field would necessitate overly long ex 
posure to attain transfusion temperature. Areas of too 
high an intensity of energy in the impinging field could 
cause local overheating despite rotation. Consequently, 
the microwave energy field must be carefully controlled 
to achieve optimum results. 
To achieve the requisite shaped and controlled micro 

wave energy field, the entire geometry and configuration 
of the system must be “balanced.” The nature and 
strength of the propagated microwaves, the configuration 
and electrical characteristics of the wave guide, the size, 
shape, volume, and distance away of the sample, the rate 
of rotation of the sample, and the exact location of the 
sample container with respect to the generated microwave 
energy field, all must be very carefully determined. Thus, 
given a set of electrical parameters defining the micro 
wave source and the wave guide, and given the physical 
parameters of the sample to be heated, it is necessary to 
provide a means for directing, focusing, and shaping the 
microwave energy field so that: (1) the introduction of 
the microwave energy into the sample is accomplished 
with a minimum of reflection (that is, the load must be 
matched to the field); (2) the microwave energy is dis 
tributed spatially along the axis of the cylinder of rota 
tion generated by the rotating blood sample; and (3) the 
incremental energy distribution within the impinged vol 
ume of that cylinder of rotation is proportional to the 
incremental sample volume (for example, in heating a 
pouch of blood, the field should be generally weaker at 
the left and right extremities where the pouch configura 
tion necessitates a lower volume of blood, and generally 
stronger in the center where the bulk of the volume 
resides). t 
The means for directing, focusing, and shaping the 

microwave energy field is provided in the coupling ele 
ment 11. As pictured in FIG. 1 of the drawing, coupling 
element 1 is an opening in the floor of enclosure 10 
spatially interconnecting the wave guide (not shown) and 
the interior of enclosure 10. In this embodiment it takes 
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4 
the form of a microwave antenna element of a non 
resonant configuration which provides for a matching of 
the incident energy to the sector of impingement within 
the cylinder of rotation, which spreads the energy field 
to encompass essentially the entire length of the cylinder 
of rotation, and which tapers the strength thereof with 
the maximum field strength lying in the center and lower 
field strengths at the edges. In this manner, rotation of 
the cylindrical container 12 brings the entire volume of 
the blood sample into "contact” with the incident micro 
wave energy so that essentially all the incident energy 
is absorbed, but without appreciable local overheating. 
Construction and arrangement of such a non-resonant 
antenna are in accordance with principles well known in 
the prior art. The location and configuration thereof are 
generally predictable employing known microwave pa 
rameters. From that point, trial and error can be utilized 
to optimize the geometry of element 1 and the position 
of container 12. For example, for a plastic pouch con 
taining blood, the general configuration which provides 
rapid even heating has been found to be a non-resonant 
antenna element 11 of a generally trapezoidal shape where 
in the parallel sides are essentially at right angles to the di 
rection of propagation of the microwaves. The element 
11 is positioned so as to direct microwave energy up 
wards into the enclosure 10 and so as to impinge on the 
cylinder of rotation generated by the rotating sample. 

However, other coupling elements would be equally 
suitable, provided their position and configuration were 
such as to provide the requisite matching, the appropriate 
dimensions, and the appropriate field strength distribution 
discussed above. These means for achieving directing, 
focussing, and shaping of the incident microwave energy 
field are illustrative and not limiting. Other means for 
accomplishing the same purpose will occur to those 
skilled in the art. Novelty of the invention does not lie in 
the specific means for accomplishing the shaping and 
matching. 

Referring specifically to FIG. 2, there is shown a gen 
eral schematic operational configuration of a preferred 
embodiment, a microwave blood warmer. To the mains 
terminals 23 and 24 is fed 115 volt AC power. Timer and 
safety interlock circuits generally designated as 25 permit 
operation of the unit only when all conditions for safe op 
eration have been met, for example when the interlock 
switch 26 is properly closed by latching of door 27, and 
when the appropriate heating cycle has been programmed 
in based on the item to be heated, its size, initial tempera 
ture, and desired final temperature. The low and high 
voltage regulated power supply is generally designated 
as 28 and provides high voltage power to the magnetron 
29 and low voltage power to the safety and control cir 
cuits 25, interlock switch 26, and motor 22. Microwaves 
generated by the magnetron 29 are transported through 
the wave guide 30 and into the coupling element 11. An 
RF shield 31 protects against emission or leakage of stray 
energy. 

Thus, in summary, the invention provides a microwave 
heating device which: generates microwave energy; trans 
ports it; directs, focuses, and shapes it; and brings it into 
contact with a rotating sample to be heated in such a 
manner that essentially all of the incident microwave 
energy is absorbed by the sample and the sample is heated 
rapidly to a predetermined final temperature without any 
appreciable local overheating. All this is accomplished 
without the use of conventional resonant cavities wherein 
microwave energy is stored; without the disadvantages of 
standing waves or resonant modes and their resulting hot 
and cold spots; and without the employment of the con 
ventional and cumbersome means of equalization of 
energy within a microwave enclosure, such as movable 
reflectors or field stirring (mode mixing). 
While there has been shown and described what is at 

present the preferred embodiment of the invention, vari 
ous modifications and departures will now occur to those 
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skilled in the art, and it is intended to cover the ap 
pended claims all such modifications as are within the 
spirit and scope of the invention. 
What is claimed is: 
1. In a microwave heating device employing an enclo 

sure for confining microwave energy, a means for direct 
ing microwave energy into said enclosure, a means for 
positioning and supporting an item to be heated by an in 
cident microwave energy field, and a means for rotating 
said item about an axis of rotation essentially at a right 
angle to the direction of propagation of the incident 
microwave energy field, the improvement comprising: 

a microwave coupling element in combination with 
said positioning and supporting means and said 
means for rotating said item to be heated, wherein 
the incident microwave energy impinges essentially 
entirely within the cylinder of rotation generated by 
the rotation of said item to be heated, has an incre 
mental energy distribution along said axis of rota 
tion generally proportional to the incremental volume 
of the item to be heated, and is essentially com 
pletely absorbed by said item. 

2. The microwave heating device set forth in claim 1, 
wherein said microwave coupling element is a non 
resonant microwave antenna, said antenna comprising a 
directing, focusing, and shaping configuration charac 
terized by a gradual upward slope of the floor of said 
means for directing microwave energy into said enclosure 
and a generally trapezoidal aperture, the parallel sides 
thereof being essentially at right angles to the direction of 
propagation of said microwave energy field, said antenna 
positioned with respect to said item to be heated at a dis 
tance such that essentially all of the incident microwave 
energy field illuminates the cylinder of rotation generated 
by the rotation of said item and is essentially completely 
absorbed by said item. 
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3. In a microwave blood warmer, an enclosure for con 

fining microwave energy, a source of microwave energy, 
a wave guide for directing said microwave energy into 
said enclosure, a rotatably mounted cylindrical microwave 
permeable container for the blood sample axially posi 
tioned at essentially a right angle to the direction of 
propagation of the incident microwave energy field, a non 
resonant microwave antenna comprising an upwardly 
sloped terminal portion of the floor of said wave guide 
and a generally trapezoidal aperture into said enclosure, 
whereby the incident microwave energy illumination falls 
substantially within the cylinder of rotation generated by 
the rotation of the blood sample, said incident microwave 
energy illumination having an incremental energy dis 
tribution along said axis of rotation of the blood sample 
generally proportional to the incremental volume of the 
blood sample and whereby said microwave energy is es 
sentially completely absorbed by the blood sample. 
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