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Abstract 

The purpose of this paper is introduces blood warmer system to easy for anesthesiologists 

and patients for infusion and facilitate of anesthesiologists work for using blood bag. The 

system is contained in a rectangular box, inside of which consists of two separate chambers: 

one housing the electronics inside have; circulating fans, heat sinks, transformer (12v, 100w, 

8.3amp) and a PCB with an SG3525 IC for regulation of temperatures in the adjacent 

chamber and the other the blood warming components inside have is fitted with a shaker, 

EPDM(Ethylene Propylene Diene Monomer) cushion sheets, a digital thermometer, and two 

thermo-sensor. Two peltiers and EPDM cushion sheets are employed in the proposed system 

to quicken the warming of blood bags. Nonetheless, three experiments were conducted with 

three different blood warming configurations: using one peltier without the EPDM cushion 

sheets, two peltiers without the EPDM cushion sheets, and two peltiers with the EPDM 

cushion sheets. The finding indicates that the use of two peltiers together with the plates 

produces the best results. 
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1. Introduction 

At present before anesthesiologists infuse blood into a patient’s body, the blood 

which is preserved in a blood bag and stored in a cold storage is warmed to the patient’s 

body temperature.  Some current practices in hospitals to prepare blood for infusion are 

the use of a heat solder, warm water [1], the screw blood warmer [2], heater [3], 

running water as well as leaving the blood bags to room temperature.  The methods are 

inefficient, time-consuming and inconvenient for the anesthesiologists.  To improve 

work efficiency of the medical staff, this research paper has therefore introduced a 

higher efficiency blood warmer system.  The system is portable and simple to operate. 

The proposed blood warmer system utilizes two peltiers of two differing temperatures.  

As one side of a peltier generates more heat than its other side, the hotter sides of the 

two peltiers are facing the blood shaker of the blood-warming chamber. The 

organization of this research paper is as follows: Section I is the introduction part and 

Section II is concerned with the workings of the peltiers. The design and concept of the 

proposed blood warmer system are respectively discussed in Sections III and IV. 

Section V deals with the experimental results. The conclusions and future work are 

provided in Section VI. 
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2. Workings of Peltiers 

A Figure 1 is the image of one of the two peltiers.  The proposed system requires two 

peltiers.  One peltier is fitted on a plaswood partition ( i.e., PVC foam sheet) dividing 

the two chambers housing the electronics and the blood warming components  while the 

other is fitted on one outer wall of the box. As previously mentioned, the sides of the 

two peltiers that generate more heat are turned inside facing the blood shaker (see  

Figure 5). 

 

 

Figure 1. The Photo Image of a Peltier 

Figure 2 illustrates the workings of a P-N type peltier of this research work.  The 

workings start with the peltier being fed with a direct current (DC).  The electrons that 

travel between the P-type (low energy) and N-type (high energy) semiconductors are 

next absorbed whereby heat is generated on the “absorbed” side ( i.e., blue color).  The 

electrons then travel from the N-type (high energy) semiconductor back to the P-type 

(low energy) semiconductor, generating heat on the “released” s ide (i.e., red color). The 

temperature of the heat generated on the “released” side is much higher, compared to 

the “absorbed” side. The “released” sides are those facing the blood shaker in the 

blood-warming compartment of the box. 
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Figure 2. The Workings of a Peltier Whereby Absorption of Electrons 
Occur and Heat Generated 

The P-type and N-type semiconductors of a peltier are made from Bismuth (Bi) and 

Tellurium (Te), respectively.  The intensities of free electrons of Bi and Te are different 

at the same temperature even though both substances belong to the alloy group.  As 

illustrated in Figure 3, the P-type and N-type semiconductors are “sandwiched” 

between two ceramic substrates and the semiconductors are of cube  shape. The 

arrangements of the P-type and N-type cubes are such that no P-type cube is adjacent to 

an N-type cube and vice versa. The P-type cubes are electron-deficit whereas the 

electrons of N-type cubes are in excess. 

 

 

Figure 3. The Cross-Section of a Typical Peltier 
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3. Design of the Blood Warmer System 

The design of the proposed blood warmer system employs two peltiers for speedy 

warming of the blood. The entire system is contained in a rectangular PVC foam sheet 

box (i.e., plaswood) of 40x33x18.5 cm. (W x L x H) with a transparent acrylic top 

cover, as shown in Figure 4. Figure 5 shows the inside of the box which is divided by 

another sheet of plaswood into two chambers, of which one is for the electronics and 

the other for the blood warming components.  The electronics compartment consists 

mainly of a transformer (12v, 100w, 8.3amp) and a PCB with an SG3525 IC for 

regulation of temperatures in the adjacent chamber. The other compartment is fitted 

with a shaker, EPDM cushion sheets, a digital thermometer, and two thermo-sensors, 

the temperature input from one of which is displayed on the digital thermometer while 

that from the other is fed into the circuit in the electronics chamber. The circuit feeds 

more current to the peltiers if the temperature in the blood warming chamber drops 

below the pre-set temperature or reduces if the temperature reaches or rise above the 

pre-set temperature. 

In addition, heat sinks and circulating fans are fitted in both chambers and the outer walls 

of the proposed system to help with uniform heat distribution in the blood warming 

compartment.  The installation of the heat sinks and fans also shortens the time required for 

blood preparation. The two peltiers each are fitted on the dividing plaswood wall and on the 

outer wall of the blood warming chamber opposite the one fitted on the dividing wall. Figure 

6 is included here to illustrate the schematic of the circuit of the proposed blood warmer 

system. 

 

 

Figure 4. The Top View of the Proposed Blood Warmer Box with the 
Electronics and the Blood-Warming Mechanisms on the Left and Right 

Chambers, Respectively.  During Operation, the System is Covered with 
EPDM and an Acrylic Top Cover to Retain the Heat 
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Figure 5. The Top View of the Blood Warmer System without the EPDM 
and Acrylic Top Cover. The White Tray is the Shaker on which a Blood Bag 

is Placed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. The Schematic of the Circuit of the Blood Warmer System 

4. Principle of the Blood Warmer 

After the blood warmer system is switched on, the two peltiers will be heated until 

the temperature inside the blood warming compartment reaches the pre-set temperature 

point.  Once reached, the temperature inside stabilizes for a period of time until there is 

a change in the inside temperature. As briefly described in the preceding section, when 

the inside starts to get cool and the temperature drops below the pre-set point, the duty 

cycles of the pulse width modulation (PWM) become wider whereby the two peltiers 
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are re-heated. In case of the temperature inside the blood warming chamber rising 

above the pre-set point, the PWM duty cycles get narrower and thereby normalize the 

inside temperature to the pre-set level. Figure 7 depicts the operating principle of the 

proposed blood warmer system which is a continuous loop of operation according the 

above descriptions.  Since the proposed system is fitted with a shaker (as seen in Figure 

5) which continuously sways back and forth while switched on, neither blood 

sedimentation nor coagulation occurs inside the blood bag. Thus, the blood on the 

shaker is always ready for infusion. 

 

 

Figure 7. The Operating Principle of the Proposed Blood Warmer System 

5. Experimental Results 

Three experiments were conducted with three different blood warming set-ups: First, using 

one peltier without the EPDM cushion sheets; second, using two peltiers without the EPDM 

cushion sheets; and, third, using two peltiers with the EPDM cushion sheets. The first, second 

and third configurations require 1697, 400 and 369 seconds, respectively, to reach the pre-set 

temperature of 37 degrees Celsius. The last configuration in which two peltiers were used 

together with the plates produces the best results as it takes the least amount of time for the 

inside temperature of the blood warming chamber to reach the pre-set temperature level. 

Nevertheless, the initial temperatures of all the three were slightly different. The temperatures 

of the first, second and third configurations are respectively 27.5, 29.5 and 25.5 C.  As seen, 

the third configuration requires the least amount of time (i.e., 369 seconds) to achieve the pre-

set level of temperature despite the lowest initial temperature (i.e., 25.5 C) vis-à-vis the other 

two. In general, the lower the initial temperature, the longer the time it is required to reach the 

desired 37 C point. Figures 8, 9 and 10 illustrate the experimental results of the first, second 

and third configurations, respectively. 
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Figure 8. Experimental Results of using One Peltier without EPDM Cushion 
Sheets (First Configuration) 

 

Figure 9. Experimental Results of using Two Peltiers without EPDM Cushion 
Sheets (Second Configuration) 

 

Figure 10. Experimental Results of using Two Peltiers with EPDM Cushion 
Sheets (Third Configuration) 
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6. Conclusions and Future Work 

This research paper presents a more efficient blood warmer system which utilizes two 

peltiers with EPDM cushion sheets. The proposed system is contained in a rectangular PVC 

foam sheet (i.e. plaswood) box, inside which consists of two compartments. One 

compartment is fitted with the electronics while the other houses the blood warming 

mechanisms.  In determining the use of two peltiers with EPDM cushion sheets as the optimal 

system, three experiments were conducted with three different warm warming configurations.  

The outcome confirms the two peltiers with EPDM cushion sheets configuration as the best 

system as it requires the least amount of time to heat the blood to the pre-set temperature 

point.  The proposed system of this current research work is expected to be of great use to the 

anesthesiologists as it is easy to operate and portable. 

Future research works could focus on the following areas to improve the performance the 

system. First, the gap between a peltier and a heat sink should be closed by filling it up with 

high-quality silicone as the gap reduces the heat transferred between the peltier and the heat 

sink.  Second, the PID control method could be applied to the proposed system as it expedites 

the blood warming and thereby requires even less amount of time to reach the pre-set 

temperature. 
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