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ABSTRACT 
Due to increased use of high-performance computing in 

datacenters to cater to huge workloads, old low-performance 

compute servers must be replaced endlessly with high-

performance compute servers. Traditional air-cooling systems 

are insufficient to provision and run the servers in optimal 

conditions as the datacenter thermal footprint or rack density 

grows, resulting in thermal throttling. To sustain the growing 

needs, Rear Door Heat Exchangers (RDHx) are deployed in 

existing datacenters along with peripheral Computer Room Air 

Handling/Conditioning (CRAH/CRAC) units. RDHx transfers 

heat from the rear end of the racks and rejects it into the facility's 

chilled water. This study will demonstrate the suitability of RDHx 

for low density as well as high density rack applications. A 

baseline CFD model had a generic datacenter layout with 

peripheral CRAH/CRAC units and RDHx. Several case studies 

were conducted by varying the air and liquid inlet temperatures 

for rack and RDHx, respectively. We also compared active and 

passive modes of operating RDHx while server fans provide 

flowrate based on the IT inlet temperature. The paper will also 

discuss the feasibility of designing a datacenter with only RDHx 

and no peripheral CRAC/CRAH units while maintaining the 

thermal envelop. The research will also provide  a guideline in 

implementing RDHx based on the heat load and server design.  

Keywords: Rear Door Heat Exchanger, hybrid cooling, high 

density racks, high performance computing, 

 

NOMENCLATURE 
 

CRAC  Computer Room Air Condition 

CRAH  Computer Room Air Handling 

CDU  Coolant Distribution Unit 

CFD Computational Fluid Dynamics 

ITE 

TOR 

Information Technology Equipment 

Top Of Rack 

CR 

OU 

Counter Rotating 

Open Unit = 1.89 inches 

 

  

1. INTRODUCTION 
Air cooled datacenters typically have two configurations for 

cooling the IT equipment. Raised floor configuration where 

CRAH/CRAC units are placed at the periphery in the white space 

supplying air through the underfloor plenum which reaches the 

ITE equipment through the perforated tiles. Non-raised floor 

configuration where the cold air is supplied from the ceiling or 

via peripheral units. This configuration typically requires hot 

aisle containment and a return plenum. In the traditional design 

of data centers, issues such as hot aisle recirculation or cold air 

bypass are very commonly observed. Recirculation of the warm 

air from the ITEs mixing with the ambient air is also a major 

concern as it leads to higher air inlet temperature for the ITEs.  

Conventional methods of air cooling have significant 

disadvantages in heat dissipation due to high energy 

consumption at the CRAC/CRAH units, humidity excursions, 

recirculation into the cold aisle, extensive site survey effort etc. 
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[1]. Even though there are optimization strategies for air cooling 

provisioning, there are limitations due to increased demand in 

high power consuming devices [2]. The growing rate of world-

wide servers   is 2.5× 106 annually based on the industry data, 

and this growth is expected to continue [3]. Also, as per 

ASHRAE (Fig. 1), heat load per 42U rack shows that rack 

density is continuously increasing. This makes it difficult for 

conventional air-cooling methodologies to provision additional 

capacity [4]. Therefore, there are potential advancements in 

methods of air cooling; one such method is retrofitting existing 

datacenters with Rear door heat exchangers (RDHx).  

 
FIGURE 1: EVOLUTION OF THE ASHRAE POWER 

TRENDS [4]. 

Hybrid cooling systems are typically self-contained 

components like the side car, which is an air-liquid heat 

exchanger installed on the side of a server cabinet. IBM 

introduced this enclosed heat exchanger, which is designed to 

remove up to 35 kW [5]. A fully enclosed server cabinet, which 

commonly uses a V-shaped heat exchanger on the bottom of the 

cabinet, is another example of a hybrid cooling system [6]. The 

RDHx (Rear Door Heat eXchanger) is a heat exchanger located 

at the back of the cabinet, where hot exhaust air leaves the 

servers. It was demonstrated in [7] that using an RDHx in various 

data center configurations can have several advantages, 

including 1) reducing the number of CRAH units required, 2) 

eliminate hot spots by removing heat closer to the source, and 3) 

allowing higher chilled water temperatures while still 

maintaining IT inlet temperatures within recommended ranges. 

RDHXs were used in tandem with room level air conditioning in 

a hybrid manner [8]. The CRAC fan speed was optimized using 

a control mechanism based on the heat load of the servers. They 

were able to save 47 kWh of energy, or around 6% of the total 

energy consumed by the CRAC. 

RDHx needs chilled water from the facility to cool the warm 

air exiting the ITEs. To provide chilled water for the RDHx, 

Cooling Distribution Units (CDUs) are deployed in datacenters 

as shown in Fig. 2. CDUs conditions the water to the desired 

temperature and the flowrate needed at the RDHx  to cool the 

warm air exiting the ITE. In this paper we are focusing on 

feasibility and considerations in deploying only RDHx without 

peripheral CRAH/CRAC units in a datacenter. This will enable 

us to have a room neutral design and eliminate the need for hot 

aisle containment.   

 

 
FIGURE 2: LIQUID COOLING LOOP [9]. 

A commercially available CFD tool from Future facilities, 

6SigmaRoom was used to model the ITE rack with the RDHx. 

The baseline version of the model of the racks were fitted with a 

commercially available RDHx and simulated for various air and 

coolant inlet conditions.  

 
2. Computational Model 

Rear door heat exchangers are typically built to fit at the rear 

end of the rack which is 2ft wide. A commercially available rear 

door heat exchanger (68 x 21.3 x 7 in) was chosen to fit at the 

back of the ORV2 rack (84.8 x 23.6 x 42 in) from Open Compute 

Project (OCP) [10]. The rack considered for analysis is a 

representation consisting of a 4-OU IT equipment, power shelves 

and a TOR switch. All the ITEs are provided with power ratio 

curves based on a 12°C ΔT. The rack’s CFD model is shown in 

Fig. 3 and the details are tabulated in table 1.  

 

FIGURE 3: FRONT AND BACK OF A TYPICAL OCP RACK.  
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TABLE 1: DETAILS OF IT EQUIPMENTS IN THE RACK. 

ITEs 
Form factor & 
units per rack 

Max. power 
limit (W) 

Airflow 
Required 

(CFM) 

TOR Switch 1U, 1 per rack 170 23.4 

Power Shelf 3U, 2 per rack 315 44.1 

ITE 4U, 8 per rack 2500 350 

 

The 4-OU IT server is assumed to be representative of a 

high-density server cooled by four 9256 CR fans. There are 4 

fans per server in parallel in pull configuration. These are 

powerful fans designed to overcome higher pressure drops as 

indicated by the PQ curve (pressure drop vs air flowrate curve) 

of a typical 9256 CR fan in Fig. 4. However, it is to be noted that 

data center typically has a heterogeneous deployment of servers. 

It may house servers with fans that can overcome modest 

pressure drops of one to two inches of water. Thus, it is important 

to consider the aforementioned aspects while deciding a RDHx 

solution. 

 

 
FIGURE 4: P-Q CURVE OF A CR 9256 FAN. 

The RDHx typically has a single heat exchanger unit with 

valve connections for both supply and return of facility water. 

Position of the valves depends on the data center layout and the 

placement of chilled water pipes. They are either located on the 

top (for overhead piping) or at the bottom (raised floor 

configuration). RDHx is connected to the main loop via an 

isolation valve. The isolation valve helps to disconnect the rack 

from the chilled water loop without disrupting facility operations 

at large. The coolant flow through each of the Hx could be 

modulated by a control valve attached to the RDHx unit. This is 

necessary to avoid condensation and moisture accumulation 

when servers are idle. Depending on the design of the coil, and 

how the air flow is distributed (variation in face velocity at the 

inlet of RDHx), air may be cooled non-uniformly. This is a 

common occurrence in a passive RDHx configuration. To 

counter this, axial fans are placed at the rear of the Hx unit such 

that it assists to pull the air from the cabinet through the server 

and cabinet and release it into the data center. Although the 

addition of fans would consume more power, it helps to maintain 

a pressure-neutral data center environment for the server fans. 

Apart from distributing the flow uniformly over the coil, it also 

helps in overcoming the air-side pressure drop of the heat 

exchanger. Fig 5 shows the CFD model of a typical active RDHx 

with the cabinet.  

                  

FIGURE 5: ORV2 CABINET WITH RDHX - CFD MODEL. 

To assess the feasibility of deploying the RDHx at scale for 

a large data center; a CFD model was first built with single rack 

placed in a room where the width of the room is same as the 

width of the rack and has a high ceiling of about 15’ from the 

floor. The model is created in such a way that the air exiting the 

RDHx can reach the IT inlet only by passing on top of the cabinet 

and not from the sides. The set-up was to mimic an actual data 

center deployment, where the racks are placed next to each other 

in a row. It is assumed that the empty U-slots will have blanking 

panels and no noticeable gaps exist. A typical 5% leakage is 

assumed to account for gaps in between the servers, mounting 

rails etc. In idle scenario, the server inlet air temperature would 

be the same as exit air temperature of the RDHx.  

In a passive RDHx, server fans need to have capacity to 

deliver pressurized air. If the required pressure is not attained by 

the server fans to overcome pressure drop through heat 

exchanger, air will cease to flow and start accumulating in the 

area between the server fans and the heat exchanger. At certain 

point, it will flow back into the room through gaps (at elevated 

temperature due to the heat removed from the server) – defeating 

the purpose of RDHx. In addition, for a passive RDHx, coolant 

flow and airflow cannot be controlled to maintain a design ΔT. 

This could potentially lead to inefficient operation of the overall 

data center. Passive RDHx are more suitable for servers that can 

provide high static pressure at the downstream of the server to 

have effective flow across the heat exchanger.  

In an active RDHx, fans assist the extraction of the air from 

the cabinet if the internal fans cannot provide enough static 

pressure at the desired fan speed. The fan speeds are modulated 

to respond to required air-side ΔT. The control valve on the 

coolant side modulates the coolant flow to ensure air is cooled to 

the required temperature. Therefore, the desired temperature of 

30°C is given to the controller such that the flowrate across the 

RDHx adjusts to provide the corresponding amount of cooling.  

Air flow 

direction 
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For the current study, the coolant flowrate for the RDHx is 

controlled using an internal controller that works on the sensors 

built in the CFD model. The coolant flowrate controller is 

modulated to have direct response with respect to the air 

temperature exiting the RDHx. If the temperature starts to 

increase from the set-point (30°C in our case study), coolant flow 

rate will start to increase until the requirement is met or 

maximum flowrate is achieved. In the later scenario, that would 

be the case of a thermal run-away where the coolant flow rate is 

maximum yet the exit air temperature from the RDHx is above 

the set-point. Table 2 summarizes the heat exchanger 

specification considered for analysis. 

 

TABLE 2: HX SPECIFICATION. 

Hx Specification Values 

Coolant flow direction Top to Bottom 

Nominal Cooling 

Capacity 
35 kW 

Reference coolant 

flowrate (maximum) 
23 GPM 

Hx Effectiveness 0.8 

Reference Air flowrate 

(maximum) 
3,000 CFM 

Coolant Temperature 26°C 

Coolant flowrate 
Controlled based on air 

temperature sensor (30°C) 
 

3.0 RESULTS AND DISCUSSION 
 
3.1 Single Rack Model 

A single rack model was defined in the section before. 

Three cases of racks installed with passive rear door heat 

exchanger with varying rack densities are considered for 

analysis. For various rack power densities, the total required air 

flowrate requirement is calculated based on approximately 12°C 

ΔT. For simulations, depending on the case study, rack power is 

scaled by adjusting the utilization factor. For a 7 kW rack the 

corresponding air flowrate requirement is 1050 CFM, similarly, 

for 9 kW and 11 kW the air flow requirements are listed in Table 

3. Server fans for the use case are selected to provide adequate 

flowrate across the servers. When RDHx is in place, the server 

fans must overcome the pressure drop across the Hx to push the 

air through it with minimal to no recirculation. Table 3 shows the 

set of simulation runs in CFD to determine the heat exchanger 

operating conditions and potential impact on server fans. Static 

or back pressure due to the installation of RDHx is noted.  
 

TABLE 3: RDHx CASES. 

Cases 
RDHx 

mode 

IT Load 

(kW) 

Required flowrate 

(IT-CFM) 

Case 1 Passive 7 1050 

Case 2 Passive 9 1350 

Case 3 Passive 11 1670 

Case 4 Active 11 1670 

 

 
FIGURE 6: RESULT PLANE POSITION. 

 

 

      
FIGURE 7: PRESSURE CONTOUR PLOT FOR CASE 1 

(LEFT) AND CASE 2 (RIGHT). 

 

 

 

       
FIGURE 8: PRESSURE CONTOUR PLOT - CASE 3 

(LEFT) AND CASE 4 (RIGHT). 
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TABLE 4: PRESSURE AND TEMPERATURE RESULTS. 

 

Cases 

Static 

Pressure 
(in/H2O) 

RDHx -Air 

Flowrate 
(CFM) 

Mean-IT 
Inlet 

Temp 

(°C) 

Coolant 
Exit 

Temp 

(°C) 

Coolant 

flowrate 
(GPM) 

1 0.66 961 29.5 28.9 9.13 

2 0.90 1234 29.8 29.3 10.3 

3 1.15 1507 30.2 29.7 11.2 

4 1.26 1728 29.7 29.7 11.6 

 

Result plane is positioned midway of the rack width as 

shown in fig 6. All the temperature and pressure contours are 

shown based on the same plane. For case 1 and 2 (fig. 7), the 

contour plots for temperature and pressure show that the rack 

inlet temperature conditions are met and the static pressure inside 

the cabinet increases as expected. In case 3 (fig.8), mean inlet 

temperature for ITE exceeded 30°C. Upon further inspection, it 

can be seen from the pressure plot, that the static pressure 

between the heat exchanger and the server fans is quite high 

compared to the previous two cases. It is to be noted that there 

are other structural elements such as a bus bar at the rear of the 

cabinet which will also add to overall resistance to airflow. This 

increased pressure will impact the server fan performance. If 

capable, server fans would spin at higher RPM to overcome the 

back pressure (assuming 12°C ΔT across servers). This in turn 

can increase the server fan power. In the current CFD set-up, the 

exact impact on fan performance was not captured as black box 

for servers and fans were used. Authors plan to further evaluate 

and calculate the increase in fan power for the cases studied. 

Another way of looking at the results was to understand the 

amount of hot air recirculation. Airflow through servers was 

modeled as fixed airflow. However, it was noted that the airflow 

exiting out of heat exchanger was lower than the server airflow. 

This can be accounted for some of the airflow escaping through 

leakage. With increase in static pressure, the volume of hot air 

that escapes through gaps increases. The results are tabulated in 

table 5. This explains the increase in mean server inlet 

temperature.  

 

TABLE 5: PRESSURE AND TEMPERATURE RESULTS. 

 

Cases 
Rack CFM 
(from table 

3) 

RDHx -Air 
Flowrate 

(CFM) 

Leakage/recirculation   

(CFM) 

1 1050 961 89 

2 1350 1234 116 

3 1670 1507 163 

4 1670 1728 
-58 (excess airflow 

through RDHx) 

 

Since the exit air temperature from RDHx exceeded 30°C, 

rack power greater than 11 kW for passive mode was not 

analyzed. Instead, a fourth case wherein the RDHx was operated 

in active mode was analyzed. Fans were controlled to maintain 

air-side ΔT of 12°C which resulted in about 432 cfm of airflow 

per fan. It is typical for an active RDHx to have specification of 

600W of total fan power for 3,000 cfm of air. Using it as a 

reference and based on fan laws, it is estimated that under active 

mode, the rack will consume an additional 500W of power. 

At first glance, this may sound like a lot. However, from a 

data center point of view it may prove beneficial. Previous 

studies have shown that how addition of RDHx can help lower 

the cooling load and in turn save power. If a data center can be 

operated without the need of any peripheral CRAC/CRAH units, 

there is a potential for savings.  

 

3.2 Data Hall Analysis 

To understand the impact of RDHx at a large scale, an active 

RDHx is deployed in a typical datacenter layout without 

traditional cooling units. These include peripheral CRAC/CRAH 

units or a penthouse style design with supply shafts based on 

evaporative cooling. The data hall considered is approximately 

160’ x 175’ x 22’ (L x W x H) with a typical hot aisle cold aisle 

layout. Each row has sixteen rack positions installed in a set of 

four racks with RDHx. This was intentional so that cold air could 

circulate in-between the racks. Hot aisle containment was not 

considered, and entire data hall is expected to operate as one big 

cold space (room neutral). To meet the maximum airflow 

provided by the RDHx fans, rack power was increased to 20 kW, 

requiring 3050 CFM per rack to dissipate heat. A typical hyper-

scale data center layout consisting of over 500 racks was 

considered for analysis. Fig. 9 shows the data center layout with 

RDHx attached. Rack orientation is indicated by red and blue 

color indicating rear and front side of the racks respectively. 

Operating conditions (target RDHX air temperature of 30°C and 

coolant supply temperature of 26°C) similar to earlier analysis 

was considered. 

  

 
 

(a) Plan view 
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(b) 3-D View 

 

FIGURE 9: TYPICAL DATACENTER WITH RDHx 

INSTALLATION. 

 

 

 
 

(a) Temperature plane -4 ft above the floor (Legend from 26-

42°C). 

  

(b) A sectional temperature plane showing elevated temperature 

of around 1°C around the base of the rack. (Legend from 30-

35°C). 

 
 

(c) A sectional plane aligned with the exit face of RDHx showing 

spatial variation in temperature 

FIGURE 10: CFD RESULTS - TEMPERATURES PLANES. 

 From the results (Fig. 10), it can be seen that the RDHx 

can provide a room neutral solution thereby eliminating the need 

of any mechanical cooling units such as CRAH/C or penthouse 

unit with direct evaporative system. It will still require a chiller 

but given the operating condition of 26°C facility water, there is 

potential to lower chiller usage depending on the location of the 

data center where ambient conditions could be favorable.  It is to 

be noted that the legend scale is intentionally changed to get a 

visual contrast in the results. For plots in figs. 10a and 10b, the 

lower limit is selected to be 30°C as that is the control 

temperature set to which all RDHx fans respond. For plot in fig. 

10c, scale is lowered to 27.4°C as that is the minimum 

temperature of the air delivered out of RDHx. Fig 10c shows the 

spatial variation in temperature along the rear face of the RDHx 

where the processed air enters back into the room via fans. About 

3-4°C variation in processed air is observed from top to bottom. 

This is due to the fact that the facility water connection is defined 

at the top. This could be further investigated by studying 

different coil designs; however, authors do believe that spatial 

variation in temperature is not a risk as the air gets mixed and 

average server inlet temperature of air is about 29.7°C. The 

datacenter is designed to meet ASHRAE Class A1 temperature 

limits. If the mean server inlet temperatures exceed 32°C the 

solution is considered failed.   

 

 
 

FIGURE 11: A SECTIONAL PLANE SHOWING THE 

VELOCITY PROFILE AND AIR MOVEMENT AROUND 

THE CABINET WITH RDHx. 

 

 Fig. 11 shows the vector plot to study how the air moves 

within the data hall space. After the air exits RDHx, it is forced 

upward and eventually circulates back into the cold aisle. 

Considering the density of velocity vectors around the rack, most 

of the air turns within four feet from the top of the rack. This 

suggests that there is potential to further lower the height of the 

data center. In these scenarios, rows were assumed to be placed 
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at a distance greater than what normally is practiced. In the 

layout analyzed, the hot aisle is six feet wide (normally varies 

between 4-5) while cold aisle is about twelve feet wide. There is 

further room for optimization to reduce the overall size of the 

data center without having any negative impact on RDHx 

performance. 

 

4. CONCLUSION 
The impact of using RDHx without auxiliary mode of 

cooling such as CRAH/CRAC units in datacenters with low- or 

high-density racks is discussed in this paper. For passive RDHx 

implementation although feasible, it should be carefully 

investigated for its compatibility with ITE. The server fans 

considered in this analysis assumed that it could overcome 

higher pressure drop. However, for the same rack density, it is 

not uncommon to use smaller or single rotor fans which are 

suitable for pressure drops less than one inch of water. It is 

expected that the RDHx once installed to be compatible with all 

future generations of hardware as well. For this reason, 

implementation of active RDHx may be beneficial. Although, 

additional power needs to be provided for the fans, facility 

operators no longer require mechanical cooling units (other than 

a chiller) such as CRAC/H. It was also shown the feasibility of 

RDHx for a high MW data center with rack power of 20kW. 

With further optimization, additional space savings could be 

realized which would further reduce the construction cost of the 

data center. Future studies include optimization and a complete 

cost benefit analysis of implementing RDHx for high-capacity 

data center. 
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